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modsfsg of bio3 ss1 *tom hltp in g.tt a dear 
and conijitant picture of its or :*q and Various proosasas. It 

can U used to t .rity ensAxonta4y lso reistionabipi and to 
sstablteh aw n]*ttonshipl. Tb. ao1.3s are sistlar in tunctton 
but d t.rea$ in stratus, from thc on $ bioto4cel yst*s, 

Is most of the cases the *od is a,. pr diottvo and it to 
poa$ bl# to dtduao soar sole characteristics of the fret+*. ?led. 
also Bursts the conetreints *.stilt in the eyst* being 
sadallsd. Thus the Mao 	 Teals, oosput c, •ztrspolstae and 
predjot. the use feat* shich aaafieratrs the ptoaews at amiss 
about the 4otU4 nervous  s$st *. 

$od.ls could be of various types Such as thastloei, 
chrratoal, electrical, slactrowe etc. [I) Era type of 
*d011i*5 teehniquu has some sdvant s aM di+i drama t and 
their eslsotion duds upon requiras nt. and ob)eotj •s. 
Sto2 1a4 syutss► usually r.q rs coaplea a uations for 
"POS uaUU040 in **tbaH C*l toast. Cb*tcal Od.ls require 
brae apses, sore 000% end also are mot 90AT trn1ent in Va *# 
Its porsaot era for obs.ntus their effects on ocrall systass  
or a part or the w3rsta. The eleatrio4/etetronio medals are 
cull in OiSet  less costly and 004*04.aat La hsndlipj• 
type of ionllAO&A t can be included rich reasonable sou soy, 

r..2+a * 

0 
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1*t.rest in the *L0si oppliostion of pe phnsk aad 
central . i trissl sU M11*Uoir at nerves to jrosinj rapidly. 
Thousands of patients or. not 'brie treated for chroaq psta. 

Using both superttoLs3 and iopsnted &l*obrads GIssa (4) 
have d veloped an .1,otropflvestc respirator biQh have be •n 
ispiauts4 La nearly thousende of the patie * with tnsd.qsabe or 
no respiratory fusattos. 'afar$ have report.d [5) on a series at 
stroke viotisi in vhtab par rs*d su olos of the 1 are &øU1 t 
♦Xsctrically du 	sstla* to tip ► s, W*U1 g, 	ert.es.tsl 
work is under way (5) to 4040p p Amos4et c prsthes.s for r 
the d ' sad blind. As these eltntc4 Worts ult.iply, it becoses 
Imperative that an elist as , sode2 of nezVa qates is *04. available 
to provider an snolyttoel sad .zpsrlaental fouadation foundationfor the study 
of ax trivet si 	prcpsgsttøn sad nerve excitation, 

Now pb sic yste*. are linked to psrve vibe* sod 
therefore war *tt t* have been sad* to odel the nerve 
•hrso,$srsties fro& 1"t two e.ntt ,ae. (2) #*oral  s#.s 
aad+l1 say be expected to exert inoresetag influ+ o. On the 
*our** of nearophyaLolOdteai research. 

the selection of parameter■ in nssrsl s$eUtng has two 
diet! act phi losophiss 
(a) A W03W IS"* fiber of neural properties of sst 	nesros 

we r•prdas d with high Batt r,~oir~s,~ 
(b) A sore z ostrid%sd eat of properties to s ed W t the 

restriotioar hats ben cads to the basis at s priori set 
at osssaptions with regard to the OLSIAMant one. 



0* '3 ,0 

*odds if first typo are are o ap] eti but nor. dtftt+~alt 
to real&+r* end era er. cost).y.. Models of ssoond tpe era wre 
+wit*sbl. to analysts but are t* grist deer of i*portant oaetooione. 

ee a so4s1 of *aural *yst. ► has b. ► realised, there are  
throe types of aot1 on1 which are to is fokan* The first,, which to 

aaod►to*► +cfrdsts of pre 	+ ' Tal$+etion r t"Uos *ural  

coder. p•rfor**noe with *etil *et 	 pbsiologtcsl behlVsr ollr of the 
neural qetes. $ o siv. ritneunts of the nodal say thai thenend 
to ooivergenoe to oM fir t# +44 revealing ob*ttaOS 8r o4, 

af tir the validity  to teatett ► u established.fit co&l4 	attespted 
to dt soova r► new ; raped eoot the so44, iii, the operations not 
•*p1t*ttl con iderod in the original de gn. Llthougb sash 

disoorered properties are ispitoit asia to the mice at 
pars*.tsrs of the o.& to it ts likely  t " +u of then will 
have been forenoon. Wither use of the aod4 to talk it o04 test 
hypothesis and .lo*e 'then direst physio2ogiosl. neanunsent on 

the sots nu n. 

1.1 	 Titan work dials with 
analysis end nodafling of actual neural + s$+ for Its isportant 
.lantriaai ebariot swatice. An s sctronic nodal of 40=04 with a 
local teed took has been dø.Zap.d which Ue cspsity to show 
equitolSAt eleOtrical. properties, 

The 00000n4 chapter dads 4th the "Nou"i on 
"*stood and physiological upsets of the neuron. It d • 

'.54...# 



the as+ siw of the v cel or fr ►* *mob Is the kilo 
ational +waatt of the t roue ystas. ► ►sto ! of sewrs* is 

followed 1j the sndisi. of tb• prussss~ s saputsg !04th 
this Mite UI the L1 , apt electrical okiacterstios of th• 

ssuroas are nalysed and dtaeussed which tan the bests for the 
1.v.1 op*.ni of the neuron nodeL . 

The thirdpt., presents uptodats reflew of the 
existing models of the neural system +end the research ,o* in 
this field. 

The fourth chapter dealsWith a new oadd of the neuron 
with s local f"4 	►k orbit* has been developed 'fir° the another. 
be i r9voma *t in this o44 over izistij *odels are 4169 given. 

The model to *onstVW$*6 lid tested for al ► the tapoxtrst s3satrttd 
cbsrsoteretia of the neuron. The mods» is tested (Or stead$ state 
and transient usuditians. 

Tb* fifth Sheptar sumssrises general aono2uetons about 
the e*tst.tng models and also about the now Hanel. Out suggestions 
sr also 4ve for the further work in this field, 



The aervaas gates + of 	1061lalar org*idu to typically 
oospo*e4 of neurons or nerve 00110 t2). l 	z► to as el!eest 
Unit of n.rvoe cyst is sh s•rVes to sense and trsn stt the 
taferastion t4 en es .ca* tom t* o*nt*4 nervous ato to 
dif oroat parts of th# body 4. .+ rr0r**. ' bcr. sa be sriange4 

to a jstaple or to oapto* awe. When spartieulu port of bo4 
to szett. the interaction to carijad in either dIreattan with 
characteristic  veloot r (t, 41 e.g. it a finger to suddenly .zpOs.4 
to tbarad *bank# the infomatton resohas to the 'brain through 
the ner aatworb and r+ tiou of the brain is trauMttad took 
through the neurons to the ttngor auseloa for further aeoeauavy 
action (soy to rsava th. finger frog the aura of bast) ,, There 
is *othtag isber St to nørons i,blch goVerns the direction of 
taforsatton to Lip that is, the sass neuron work is sensory as 
volt as sotonsuron I ]. 

The, isfutton flaw to iss.nttsily as electrical 
ptasoaem as has bass evidenced 	.grertsentd Scot. (2) • Thai. 
are sorry 14' Q  seuroas (2) to the b1 ! 1t C.Mr3 lervons 'aten 
(CIS) s►asintiag of brain ad spin" cord* 



lot 6 8~0 

The Caat:s1 Serious System to cost taportsnt part of the 
husan traasMsaton +r stes. it con4st. at the toZow pasta (4]s 

1. lorwo øsUs  
4, alai *43* 

3. .stood Toasts 
4, Car roovl 	fluid 

2.a 	A1q-At items 

'tea hu*sn Central O"ous -Satan a t 	a coapliosted 
n tvO Of p. rrsp. Son h f as blh2y speeiel is '04i. call 
neurons., or nerve 0#11012]. A%th*uah no two neurone hW ►e 
•zsat the as*a *truotur.p tortunt.3y tb do ire o$aia 
features 12] that are significant for the zanrop 	o 	s 
agars ecUs, the n 	to supported by a thin 	+rane (the 
plasm *eOr+n.) and bas * oifl bady or ,quicaZent ate;. Proiaotini 
fran the sanaaT r a nuibar of .xtensiQns of the nail known as the 
4vidrit.r ark, the eaon. ftg=o 2.1 shows the taportanti parts at 

the aall. Caner 2 v a stn ,e ozos & oes fran the as, but, as 
arho*n in the 't r., this assn sqs ,ve oft ai * branches ad 
10ha ot.rtsti 	d* into 1a nunber of die" branches, just 

before t*nda&ti , Several dudrttaa a' s* from the sell body 

a then bah ag4$& as . a sjn' to torn a oo*p Oat*d tree UkS 
structure known as the drndritto twee. Two nsrou a *te 
connected throagh. a t.nsb*w Cdl. The diseusions at a OW04 
war rsat fay one to the Dat • am all r the 0011 boys to 
roughly 10 sieroe soroce (I sic 	a 1O a t*r) .• *ad dendrite 

....7... 



wows a •.. 

•o nook so that the tstLo and d.ndrttjo n r*nss are Literal ► 
.smut 4 with qnsptte ezdt1ss 2],  on the other hand, n synapse 
►.twd+i two azoas is lest treqiz.ntlj observsi L) although sash 

szO.a*oas1 synapsis  #o I aout. 

The synsps is of such e.ntr4 t*po 	r that it wifl be 
useful to have a sore detailed picture of structural fistures 
shared by the sore Coumn type. of synapse. Vigur. 2.2 show* 
a seh tit o •ross soation tram a OilieSt of deft.,u aM 
of the nuserons a*on t.rsin a whAch sake don tact with  e 
dendrites. A narrow spa** about 200 to 300A 44. (I*  •1'6'O  aster 
or t 4  sio ) j3, 4 •$? $tO* the p 	ptic ales (the 
Oxon t,r*tsI s&Jaeflt to the 4*44MO.$) fran the poát.synaptio 
•rrl nor (Ondritto art at the napes) l the space is known 40 

the synaptic cleft on the p:.synsptio side are ,tower a amber 
of *tt*øhondda, indicat g that the region is * abol4oslly 
*Ottt... Although *t%QQbQM4* are fob is usUs of all type., 
these is a conaptosous structrewh1oh. in ohsrsoteristto of 
synapses, the alsaptjo V0514. S$nspttc yrebbal no sin with 
the elects storoscops are Qirou4r in orona *#**SOAP , O0 to 
6OO A is disa.ter,.sat are nearly 4vqs .fo d tic Abe ra 
edjaust to to. pz'e+y tic *+ br.n. . 

A names r .fires taternsti 	throes synapses located 
on its deadftes and seas, integrates this inforestto* in its 
las.* and MM ally t it #h. infornat ton fiver its axon to other 
"Us.. The accuracy of the CNS control over the +ottvtby of 
the rartnus organs is duo to the edstsn * of a two way circular 
aosns+tion between nerve centres a the peripheral organs j4). 



are goo to O0 Aaron, 1 . it to the length of the .:a)coD ash 
is subjected to thi greatest variation from one nsrv. s.13 to the 
next, for axons s be tron perhaps So atoran to several asters 
loig [2]. 

Sr +~ 441. are not Isolated but rather are later øonn.oted  
in s veal' ebt ot* 4*stjo way. A bundle of nerve, is called a trunk. 
A trunk t tolud.. ar wide rawo or uoa sir*** Diameter of fibres 
ranges between 0,3 to 1 *1 atOron 1) . The conduotton speed for 
typiasi fIbers to ` `x 10 ` , 	, ] indicating the 
spy between 0,5 and 2,3. **so (2]. The sea. tr *k earries 
affer t. (toward the train) fibers Eros .enaoq z+ eptors and 
efferent (away fro* ib. hen) fiber. to suss es. !b. largest 
fibers are Wolicatod. W/.0 t.d nth.sth to a ralatly4y thin 
layer of fatty substances, ay.ltn etc. The waUs of the 
uniqiltnated fibers also oondsts of fatty *o%*auto* but these 
are not visible b.uas. thy are very thin ($ 'A wL4e) (2, 4) 
$pe al points of contact b t*.rn sear► coed synapses, *r 
of partteular tsport*ILO., for Li to at the synapse that infoastion  
fl va ftoa *no nee caLL to the unto 	to4]1, the Oxon of 
oat nerve *oill to 	synapse se with (•r syneps.. with) • thier the 
04] body or deadrite. of other neurons. Thus there are two 
prinsipl. types of qnspses *50d.4 	tjc (axOn with 4 drlti) 

and s*o'so*stto (axon with .41 body). in fact, it Me been 

discovered in resent year# that virtual all of the space at 
a neurons eons and dendrites are p"vt&d with axon to asisr 

#x.48* i i 
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$**+use mans have 7nsptto oacnsotions with one ,notber,~ 
tbq to neural ctrc4t., sn& it to the property of these +troutta 
that ditir ►n thy► behaviour of the nervois s7sti and thus, of the 
orSwAsS* 

A] tboa h thi 'brain to ónnpliost. t fo$uniite2 it to not 

ahavtia despite, individuaL variations, Zs, g*i*røl, it to possible 
to "istiaMA b particular brain areas shire ecx bodies and 

d drttia trees 	Mnntxn*.4 (such area. re 0x41+6 m dd) 
aid ether regions which consists primarily of was ru*u.Lng ft o* 
nn* Troup of novas to another. Zs, thorn later region ,sri. 
.nusb.ri of olds+ packed ezon* run In parallel to taro structures 

llod tracts (or fibre tracts) fiber here refers to + * or 
a.r"vb fibres 8jajJax tracts also ru outside Of the brats (for 

:.xa*p1er to insole.) to which curs, th are, referred to as 
nerves, Coll bodies are grouped 1s, far* nuclei. A single 
n'ueisizs eight oots.nn thousand. of Roma ncU bodies,. 

Thus the, neuron consists or .- 
U) 0.1.1body or sow 

(it) Pr esses 

(a) Dandrdtes 

(b) £*oatUUo & AAon 

2.2.1 GU AM 9A . 01 
The soil, bodies of neurons are ooncantvatd in the #r4v 

sitter of the a ru ral b+ sph.r.s, the suboortical forsittons. 
Vbs brain stems osr.bellua and spiral cord. The 0*11 ba4 of a 

...10. *. 
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asu ron *"talus a veil defined n*alsns am - ztnsleons. Viithis the 
toplsea ars cash rsaras of a deep staMini astarial idled 

Mod ►st oe. This 

the sszroa iou to a 	n vibhi* * thin wall solar 

to that of an Ow tuwt.4 fibre. It reo.ty s the input faros the 
d a#ritL* network* Tb.. aOtose ron nos sr. pb rotca&ly located 
La th+r optral cord,, topoio ca y opposit. 'fie isches they direct. 

responds to the slsbrMc motion of incoatag **$$ . [2). 

The iom reguiste their setabotiss and nutrition. As a 
result the s.psrsttou of an axon from ice body ̀ at the nears 0011 
leads to dageasratton of its processes. Coll bodies vary 
coLd.rably In doe# roughly fron 5 to 50 +tom An dIss.tsr. 
They are a vi t4 pert of the naurea. It# as a result of 
*RC aniosh in4ury or ! **aoo# the salt body to usbi. to survive, 
then the processes so din and ar, uneb e to carry nervous 
t*pi4s'a. Par stn ar* follows it injury to neurons 
prevent* nervous i*pui*.r from resobtng the wools** 

2.2 «2 	D -DRi . Bi 

The projected park fros i11 body to known d.nd tM#!sob 
dendrite branches aØLn and again to fora coaptisatad tree like 
structure are shor n► to figure 2.1. The d nd$ tss have certain 
properties ii h øpsoislise then for reo+►d ng the, intonation 
transmitted *long the szcn stdlsr to th. on. which originally 
geua'ated the axonel arum t aln.r. The dendrites integrate 
the intonation contained 14 arriving saws thpnles*, 

4*0*114 0 



•1 it !o. 

After • *IA* use as yep► it as eroa tom. . ter• 

is M brief dolor of about • hit mLlU* aoi4 lc oim is Or aptio 

dsimr followed bi s ohsr otnristto fluotusum of the da4rLtLo 
siabran. pot.nt.sl. This tiuctustion to knoirn so the post.  

$7asptio patouttsL or PSPe The typical PS? has a rapid ris, to 

a peak followed b$,  a *uch loner (oppxoz• won#xoX) return to  

the testing pot,ntisZ. 

thwo are two 4Ltt.rance. tp] h rtweoo per+ and action  

pot,*tialr. 

(t) 	pap* tics duration is larger thin in oottou otstt4. 

(L,) 	rn&ob o 	in. aspitt .. 

The sriyjn8 nerve i puioe O r r$ the rile ro of a sail). 
quantity of a cbe4cg, asue"l y *noon as a t M fitter substanse, 
vhtch diffuse ncroaa qnapfle +3„ott and roars).to in the 4*ndritto 

slsctricii. response, 

''here ire two taportint properties of dendrites. 
to 	 It refers to the tact that the sue of 
a pap is proportions). to the s*ow4t of tronesitter released and to 
to be contrasted with the thrrssoid and ail► or none boUviou. 
•bsr tertstio of the sawn Fjgr. 2.6 

%I •  t1'ORAL  

D nd. toot in ooatnast to the s*O*, shows no z'afradtor7 

period, 'period dustnj Whtoh second spike can not arise till the 

response of the first impulse is not completed'. Figure 2*7 bra 



.i12 12 1+ 

that two  PSP s•c**a t in avid sucsss $on are ***A to s. 'M s 

important prop.a ti. that a new POP simply adds to what rosaths  

of +sir p"O*OUu$S pope to referred to a temporal O anion, it 
at a paticular aspas, none tagula. b l'►n to ar4te with a 

constant fsequont$,, each resuiti pop will add to the n+ nden 

of all proceeding 04 an increasing d.pèlsrlsatlon will occur as 

the P8PI .t or than increasing indefi*ite3y. the 
d.polsrisstton wUi level oft at an swarage V4.40 proportional  
to the frequ.nc' at WU*h the nerve i 4s 	W AAV1 as 

ihova is Pigure 2.8. 

=a* 1 depoisniastion of the neuron result, in the 
production, of nerve ispulsea.p the dep4anisiog to to timed  

as 	statox °• poa 	► pt$,c potential (ms's') 

The perpoluiaing Pat is known as an inhibitory 
pOst..&r .tio *anti+ (or 	) becaus, it *peas** the action 
of lisps and *0446 to prev t the generation of action Potentials# 

The period is mob the $Pike appears mad d opt 
.eorrespond to the øápl.te tit of .zcttshil.ity. It Is k5Owfl 

the *b$Ol + refract ► pe4Od (4) ehin another spikes cannot 
be i►alvad br a a cud $*bus, however strong #,,,e. the alntaus  

purled during whiob it to i*poutbls to evoke a mad action 
potential to known is ;bsoluta refraotory period, In the quick 
coaductiag fibres of wars blooded s. its value is about 
0., $iUts0OM 
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'ho abSO10 r actoZ period Is followid by  r44tivo 
refractory phss, vbtth last$ for 4 to 8 a,U ►seoorid 1.41 in 

►err, fibres *urin$ vu4b the .*oLtabLl*.ty gradually reverts to 

the tit 	love% prevailing betor• the ftri st&*4stLon, in 
the refracbozy prod vhioh f'tbri Is capsbl • to tesps*d to a 
strong stisulias but the litu4s of the sot o poteati4 to siwb 
reduced, 'the *aplibud* of spy induced by second i : 1ua 

increaser only whia tb* 194OV44 between conSeOuttv. stisult 

The axon is a process that oonduots an tupt4s. sway' 
tram, the call bod to other acts or to peripheral organs, it 

to extiDded fron cell body* The ares at the ceLl tans wbish 
the axon aries is the *sou hillock. Over the fL.t 50 to !to 

$Lasso of Ito l en h the axon has no saduflezy sheath aM 
that part o* Sib the hiLlock before the axon 'beco**s covered 
by the o' fr sheath La the tat tial seaent. The special features 
of this se pit I& its high .*ottabUity. Its SUWAUr threshold 
to Ousethird of that of Other parts of the . nron i, 2). The 

axon of the .nsuon ss be very short. as to sseQOistio&t flSUXQt 

(Golgi tip. Ii) or it say to two or three feat l r, nab as 
those nten4tng to os the ,mgr matter to the spinal, cord to the 
$males of the fingers or toes. Axoni terwinsts in fins 
branches called ttrstnsl filar nts or t lodead s. The tips of 
thh . t.xstasl bravaobes appear to be highly epsotsi,tred to 
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prafldl the to ratseiu of the serve t*p4sa to 0040+ 439 
asurons or to a subls ettactor. the dt!f'eron** b tveau **Oft 
s d 4sfl $0 Ia mad Arts 3► not on Manor dtftir*cws in 
structure, but on diff~►reua• Lu function. The nerVo inpu ,so 
aanduotid over a series Of neurons passes froa the axon and 
terafnal fil naut Of on neuron by uaptia tranMiesiOn to the 
dendrites and 0#11 ba+3r of the succeeding neon:, 

The toruatton to transmitted its the torn of 
freque or thy► 	air of $spalsra per second trav*Uing4ong  

the axon* Thar* are two properties of uoaa Ptah tvwe- rise to 
nerve iap 1e + to the wing of inforistion [2) w 

The, iu4d outst . voltage di 'femme act*" the sauces 
asabran. to referred 	 $ asibran. pcteuttaZ. In the flee 
t.r*#nology, the presence Of servo izpuise to signalled  1y s 
fluctuation in s 	g&e potential. The value of the reebran. 
potential when the axon is at race, that Ls, when no Serve 
ispuloas are ocourizag to known as resting sembran► potential Or 
si*pl7 resting potential. al. The value of resting potential is sue 
at 4U 	locations rf the assn* Typtosi, value of rash 
potential La .6Q *.V, ao resting potential provide a reference 
point. 

Whenever the sesbrsne potential to more fasitiv, than 
the restiug ptettsl, that is, whenever the inaici rntStd. 
voltage diff.ran$*'. is less then •6o aT, tbi axon is said to 
be d palsariud# If however, the Membrane potential to he2O 
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hit risting w+lUi (t., about $O *T) , that 10 sore ue(ativo 
thou -60 *1, the axon is said to be byponpolsrls.8. pinaily 
any oha ga a hi+h decreases the insid.*outotdo pot antis 
dtffer+a• tr known 4o a depolarisetto4 whereas an tnoreao. in 
the a.sbraio pet.nti&t in oaUUcd as IWpoa poisrisetian. AzoAxon 
is noraal]1y pol *ed that is, has a rooting potential and 
alteration in neebrone potential which diatniob this resting 
polsrtasttan are depol#~risatio , whereas thooe noting to 
increase the polartantion air hyper po arisati ►ne, 

The dendrites, like all port* of the uric +dell 
taolnding the axon his a resting potential of spprort t . 
.60 a?, this rooting potential to constant Over the l th of 
dendrites and# indeed# over the entire neuron► be dendri tee 
and axons have the oat reap** to kp.rpo1mrtsiag attiuli. 
In both eases, the reapanie sirrorr the stinult with a slight 
distortion. The axon response in 4*43 dopoio u Lion is 
passive both arrays a mirror is . of the response to 
byperpoiartsatton of 	l&t 	tt .. The prop. ' is also 
shared by dendrites. In ousaaal, d.nd4 .t e► boo *1 of the 
passive .l.otrioal properlie of axon* as shown in Ptgure 2.4. 

The distinctty property of the axon is Lta acti vo 
response to above tbreshol4 dopblarlostion known so the nation 

potential w lot the dendrites do not respond to tspolsAvation, 
to do axon., by producing sctton potouttsls v but rather slow 

0517 popsies responses. to both dopol*As$V,,; and h rp.rpo ertat*g 

abseil of all *agnitudo on show to Pifur• WWW e 



The s4nitude,  of d+ndtLtio dspolsdutiøn to i►priziaite 
proportional to trafleaitt.r concentration. When a serve 14#1400 

Arrives at the e'naposo t a&U ISQUAt Of tra" tt.r is r"Ossed 
end diffuse *or*** the 200#A or i*A a *aptLc c lift to the 
dOaddtia 	bra*.. Thee trans i,tt,r aonc trstton at the t.ndxitto 
a+brani tiorsasen very rapidly to a peek. Titus dicüitia 
d rpoIs aatton t4ams*s 1027 rapidly sad return. slowly  to the 
ree  tine poteuttdl# thus, proth&oing th1 PSP. 

2.2.  

$petsl poiMa Of ao*h*ot b.tseu neurons, called 
$yt p yea U, of particular j$portsuO,, - for it Is at the WA pCe 

that inforsatton flaws tra* one nfrvs cell to the 4ext. dysspses 
loaatd on the body ( *a) Of a niurcu ers csi.d ceo issUe and 
those *a the 4snditee eli called ezo dandri#t 	As pointed out 
center is + rflsps* Lu the ms's. consists  of threl pn *2otp eleeants 
Li.  2] so shown In Pigurs 2.2. 

(L) presyneptic sane 
(ii) postiynapttc seibran. 

(iii) *spttc cleft 

Verve #611" to the fit$ *air $:a shape1  generally looking 
like, knobs; each synaptic  knob to covered Itih s seabranep thi 
so vai+d pneøsynsptio  see ► is [ 1, 2]9 It its the s*o ter sal 

adjaHat to the death►, per►, cell. are not isolated rather 
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ist a ran.ot.4 to a very ohsrsot.rieUc Mq «• Freø sy*s tto e.iibrane 
cOVers the nerve, ems* The nerve .ndtai to a picultir neurs.  
secretary epparstus, 	secrets the asdiator that prokoes a 
atisgatiaii ezo&tsto y or inhibitory .ffeot on the innervated 
C•21. (410► the saran ire U041 aottva oh+ oal eo w*►1« 

It it the dindritle part of the synape. The portion of 
the sue► 	of the,  tOniristedOeU directly +djai*t  the a re, 
.ndjai to known as the,  poet "Otto aieabranø, the post eynaptLo 
s,.sbranaa Utters In Its pxop.Tti,$ froe the sail ran 000146 the 
re*steer of ' the 4410 the 0 4sf dift rrna. Was that it possesses 
Very high oh.sjc4 sensitIvity to the * ,ator end is $ns.nsittt. 
to an .eot4c surmt (1 21, 

(its) 	APZJs 

A, narrow #pat* about 200 to 300A wide ( t''A * I 	*sore) 
separates the pre.synsptto asab . (the saran *.rsina, ad anent to 
the dendrite) from 	 post sy ptin soebraits (M,+sdritio part of 
the a ► w) j this space 40 known as the synaptic cleft. 

2sosas. n. * " bays rnaptio oo e+tt with oa. another 
they fox* neural oirautta and it is the prop ins of tbøse 
drezaits that We"dna the behaviour of th. nervous sy.tai and 

2 ,#20 	 1 

It ru tiles a tube that is ftUad with a ve+k si]a$Loa 
wash► of potsseius tons (&) • The fibre is surrounded by this 

interstitial fl44 Of the body assaa#14. A Is &. 7 solution. 
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tot" tutrua and ezt•:ci.l cono.fltrOtons are *boo*t the mow, 
the disaster at the fibres r +. between 0.63 and 1.3 ataron 1] t 

s aonduottom speed for lypLcal fibres is 1.?3 * ,d6  times 
diameter per sacoM indioattng speed between 0.5 and 2 * */sea (ii. 

Tdjff cranes between int.r 	.stems oo* rentrs o* 
and temperature` are maintained 1 *.tab lie sotivttp, The inside 
at the fOur* at rest disple s a past Sntt4 of v .. 0 *7 with 
respect to the oufi r.: This +or SVMd* to an 4eot4c field  
t4hin the membrane of 70 *T/t `i * 70M I/Coo " way of 

•a*psrtson the ► t ,c 	# of i r ti all to about 

10000 7/Cm (i) , 8 turn out that the fibre signal to a ,pike 

that to acoapsie8 ' breakdown of the *abrsnss This  ba -* 

40VAO in test. r 	rrat.s the si*sl. ' he fibre operates With 

a threshold of about fag", when th* inside *t any point bss es 

*ors poettiWe than tZ4a v a a,i the bre+ down Is triggered. The 
acabrane bees perasab a to as e* &*as for about 2 nu lL second* 
as the tons enter the fibrI., the voltege increases to spprort**t517 

+30*. After about 2 sI ft second internal, there to snditions1 

U t + maid retractor r V od (interval) during whisk the 
seabrani becoass a relatively good Leer for *pin. I ecs ss 
the djaturbaao. to 4 AUi second wide.* the sozisiun possible 
fr#quo4vs is 250 Ss. The excess sodium Iona. that leaked In are 
slows aM soxs or less continuously pined out with aner  
supplied 1W the metabolic aottity. the .7  QV rooting asabrass  
potential 11] sq be regarded as a d..o. conpoaent that is 
supra*posed on the 100 *1 peak *pik. knows as an action 
potential that #*,sUy constitutes th. axon signal. 



In ixn'4tnate4 a ►n the lotion pote*ti 3 steeps 
eaatt mush e►taug the axon*  the sotton pot nt from one max 
$ At of axon spreads pareL'e1 to the :+went asst ib r. 
it sots as a sttzius to pr acs anotber 4a' ion potenti . This 
process is rapeatid for MUS-0 l 	b of sacs t2] 

The sy 4Lu + biath at a regular tatarval of I to 2.5 
is pedodtaal tntarrtped by the nodes of Rantfler14. 4] as 
shown in Ptur 2.9. It to at these it des that the notion 
potential to regenir t in the usual v c by an inward diffusion 
of sodiun tans between oat acrd* and the next. Ve f tbr. behaves 
.1ik. a passive 0d cable that is .i ' a 1 sV .Spiker originate at 

a parttaular node [4], ft stU appear at the neat Ode with  
inora led width aM roduaad h tgbt. 'bra height to noasUy  
sufficient to overoose the throshald r,q4riient of 20 *1 per„ 
40 that reg.nsrstton t*kee place. pibre ezterns] disaster 
rag. from I to 22 wiorone [2]. 14 contrast to the 	r44 ted 
•truotu r. in vhteb the nbrsne th .c ess rsina constent of 
1O0'&. he *7.11* tbjckness it spxZi$n.te17 proportional. to 
fibre dia*.tor, The conduction  sp d is about 10 Mites 
(torr* 1201 */*to) then that of 'u 4in►tad a*an (a]. 

Lars* rva fibres are shsraiteeieed by th feat that 
thtW acct surre andad by  a q 4ia sheath of a4ny lipoid material 

as shown to Yigxir. 249 . The v.l1n *heath in turn is surrounded 
by a spi ialteed 	0 Of 041 caUad the 	►+*a Cell. According 
to present concepts. the eti* sheath rat 3l consists of auu 

.. .20, 0-0 



lgrss of nshvasn soil **bran. which were left b.hiss as the 
Coll boo rotated around the axon dasLX growth. fh. nodal reion 
to ebsraatertead Mi its low e3 •.rtD4 resistance. This giaset ry 
imparts am constraints on eoD4ntton to r44 t.d axons, 

the piasas 't b s ""0"448.  a nan can be investigated 

by ising electron A s00 and Zrq differsatton eathods. 
Additional Information on the properties of the sesbnne has ben 
deducted from pert*obi 	, elot ca, sosduottanal Baas 

tension seasiresent*# 

The, presence D! eUn sheath srond large axons tend 
to alter the► node of Propagation in this type Ot fibre (ii.  

To sheath sht* ai be earposad of a conatds ahls nasb r 
of tight to ►r of 120'* t14c land [.1,o a) has low electricai  
canduoti ty and factions such as thaalati*g aste?risi on 6 

aetsflto Mire. The ned, of ran i* is covered only by achwsnn 
0#11 trt,ptsu sad fors a funotian ► pot*# of view# th O► 
plant ►brs*s Is bare at the node. Activation in the 
lweltsats4 axons, therdors, occurs at 0 no44 region and. pa dues 
a psi airsalb ozrrt *lob 4osp etes the aloosd loop Via 

adjacent nods!. As current flow to const *aC priwerilr to nodal  

sr**,, sweat dn.j' to roistji.iy high at Aso ,*traiMc4bad 
sit... ear this resaon the sotivstton Juapa from nod* to nods,, 
and this pbenos nns to called saltstnxy conduction. $y.liuted 
portion Of the *son 4000 not gins action potential when 
OpsfayL0+d. Thus the action p0$.Atisl a vea along the azon tV 
psut a spread In the ar&imatsd reioas and by the occurenc e 

AlA 
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of *Otto* Potentialss at the codes (Z1* 

2.2 r7 	 3BAW S,"MI 

1*p ases siLvinj it osutral norvor mist.* d0 not o*.lt 

p*odao• szoitst of in * gtti neuron or nerVt Centre but 41+0 is 
ether neurons or flex * aontges. This spiced of OxOtstlof to 

known U irradiation, It to du. to the xou r ots brsn&iirtd of tb* 

dendrites and irons and also 4*. to sha us of inter neurons 
COUeOt4 to Ycrious Dorf* centre.. Tb&s phsaonsnon of trr*dl stton 
is obstructed by the tsthibtt,zi Laos# it various nerve ce.tres, 
An isportant role to played in 3 t*ttizg $his trrsdiation bps 
Renshaw C.U. It has inhtbttor7 synapse. With nsurons. Ranshaw 
Call gives inhtbttory inputs to nenrons sad Its output troqu.nq 
dopond at upon levelof ,soitetiof« 	si t 04l eds sea 
pro#cotlyo device a nst #X0090ire .soitstion. It few • loc 
negative feed beck loop in the neuron end *too with .0a 

n ens ". 9) . 

In figure 2.4 (a) the snt,jonirtte inhibitton suppress 
excitatory ersnts without iatluen0in the, ezoitetory P +C*U by 
tech it was gensatod. Thororovot the m to no food back to the 
sours* of excitation [7). 0o'tbe other Bend, the tithibitory  

i4torn.uron in Figure 2,, (h) &at beak as the a s by which 
th r themselves were aot vst.d• In this peso there is a 
feed back and this inhibition to terset as foed bsck inhibition. 
As Piiara 2 r4 (b) chows tb sotosronsSift on solst•r is to 
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inhibitory tst rr 	*a rboai a*ons *4 tn torn inhibitory 
!qua ►$• on soUAWAV0 17]. this LAMbO Z a t r neurons are 
a41.d *s air CeUs. As the acto neurons beconee re S*Oitgdo 

the Rya coils, 4cc be+ , sore $20064, result#" is $resttr 

inhibition as theoto saurane after a abort latent Period (runs 
ter neuron). This guarantee.  that roc ;saga stns sotivity 

is 'rented undisturbed to Chi' suedes ale the, as sstti 

activity to Wiped to prevent b pscttvW of t#* no .4.'. The 
tehtbiteq inter news shone► in dark to hguvs 2.4. 

A a 	10 tori of inhibitory feed back circuit treat U  

• ► 	ti'rrd to the CIO as ebolin in Ptgus 244 to). The 

1nibito y later nom. ire co*niøtød LA such a way that thay  

act art only back on the i'xoit.d *41 SLOW (SI W) but 4** 

04 n.tihbourius 04119 With th sane 90404on and It auab 4 

**U4 that there o * are partiCularly strongW inhibited, 

this type of to b*tto* to 0+41#4 lateral inhibition ' + rse it 
Insure. that an Inhibited s * to generated Worstto the 
excited son*# Xdtation to thus surrounding trcs aU gut s by 

an tnbibjted field, therefore, the ,phenomenon to also referred 
to as surrcondtng inhibition.. 

The Cgs 400 contains positive teed book rat rhiCh 
by feeding beck Oxcataflan to already ottsd c.Us, vo4itcat&se 
the excitation to Born In a circle (revirberati excitation),, 
An .amatory feed back circuit of this type 10 shoes it 

e0s2 *o. 
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Ptga r .4 (4) . It coUld cuv. to asl atsLx. on d od sotjfliq 
tot a lout Period. Kszj people $s7 (7) that abort $rte *~w ory 
ii duo to the reebersttst of ezottetton in sush positive food 
took ciroutte, st the* is alsost no ezpuris # evident, to 
support this (7) 

cif 	".s 	sib 	
i 

'ths ispUlse that trsvil# alone a nerve Was once th*uht 
to be, an .lrotr eurre t. to q&tnated n•nes of m3,acis It 
trsvte at about th* Case speed .. a ballet ftos a revta rr, the 
usiaus v looity betnj bet 	 about 90 to 120 *ct"re/ second. The aped  
of the n*rue impulse to such slovw to acid blooded mid. In 

• the frog, it *'oos t*spe r ►ture, the tae r4*OL$ Is ab u 
p #-xt/s co do Conduction votes vary with the *.apfraturs., the 

kind, of snisal' tnt4u d, the disaster of ftbxa and Us mature of 
the fibri covers ,# that too vhitb.r at not tb. fibr, to 
lr instsd. Is gene+. the largest fibres r. ward the highest 
conduction rates mM greatest spike potential and rasa versa. 

The serve tapi4so to an action potential in %be sort* 
fibre se abra a that progre.s.s along th. nerve fibre, Auopin$ 
fro* one a to another,, and d+ ri tug Its terra tTo* amtsboUa 
sources Vimbm* the non as **as earlier. Mk , lotion Is 
,called the ssltstory candnction. The cotton potential to salt 
propagating and rçresents a progrsas3Ye Opolsrisatton of the 
*e.br*no, The nervous +rzattst*oa to a ssrtea of lout+ phanges 
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x esuatiui in a o!arg• of 4.otrt c4 in, is the suibran. izoltstton 
b.so*.s such sore p• ub3s to sod* tons d at rest 10 to 
perusble to potassiws ton. ('). 

The *.sbrsflø rooting potential to spp 	s.st r' .7*?  
(to the o*t.t4• aM Its action potantis E ►% t0 aft with re O 
to the resttnj potential (1]. 1* via blooded Ali; man 
potential duration to I to I 	Ii),  

Th• potntjaj 4tftv.nce in rut state betsun the outer 
sufaco and Its protoplasm4e called uetin sembrane potent ,w 
which is of the order of 	to .90 IV. It$ Ortiz► has b.06 
explained tbeQratLOXII'V a weUU as ezperinsnt4y bi Wadi 
Iu .q in 1952 I i) . Acoo$tn to their tbetxv the bie.+ 	rta 
potentials are cased bjr nnivaZ aomsentra ► us o i' ,, 10" end 
Or tons within the Cell sod' o t d• Inc sod 	the Ysx1sbl• 
per*esbtlttj of the surface of the subrine to th.*. The 
Protoplasmof Hass +44 w"Oli cells aoetsia 30 to 50 uses ar 

01040, 8 tG t0 $1 " t.v., say" iaussndOttIu fewer 
1 tons as does $be oars odflulsr fl4d (1). t4ck 	W$ 

of the differs of consosbratioa is hssper.d b the tr4 
thin plisasti 	. 	 ill 

The stz'uotwr. of this 	brso. is breed oo data obtained  
with the belp of electron  4arosoo G. 14i differac0m and 
Ohutcsl snelyite. It consists of a double levy's of phosphoUptd 

44.25... 
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It is postulated that i& the resting neuron, 40 e+ led 

3odiws # r# ettnusl1y farces .odLu* tons outward through the 
saibrene e n an e3+r $ »eh+1►ca4 gradient, At the sasi Use 
the pot ssium tons ere able to nave fete the fibre. ''o maintain 
a ratio of 30s !, bo,erer. there met be sane sort of sot iv ► 
transport for potadan son$ 4490 The inir for this active 
transport suit r►e. "ros the Cell'. 0111 a.tsboZtes. Chloride 
seas, are able to diffuse through tb. 01x11 aenbransis either  
dieeot.+s at equal rates. Lotus 	oride Loot, balm nag ice 

tends to be r+ + Zad " ► the negative charge inside the fibre 
as .re Forced eut,srd through the a br ne. the taittal  

negative'M also tends ti keep than outstds. The .interstitial 
fluid on the outside of the axon S4*Wea to Wised. largely  
of screw and chlø4des tons. Øteh represents about 9Q of the 
tonic eao+ntratioe, where, ever each $ota v r eat less than  
10 of the total c o trOton inside the fibre. Maibrane 
potential can be got fros J+ et'. equation t3)) 

&00" oons t 

' ► Abselut. tea era ture 

0, a j*ternd concentration 

4 *427►** 
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losu3..s lines es U r 	d. sad on the outeid• with a layer of 

2►leei4es of compound ssrbot draton nucopolyø4scah$riOs.  Zn. the 
04] *ssbrane there are st t o ohs*n.)r or pore a tour '4 14 

U al or ► thresh whi oh ao]ec ► . of weter, tons efl8 other 
nubitsso pass in .ad out of t. *41 ns ehoim in Yigurr 2.10. 

It is supposed that the p"Sa as Of d%nrtl►e rted phospbst, 

and o+rtbu*72e groups is the rsssos why the br+*e of nine fibre 
in push less pemsabl. to +won Lb . 00 th* 04101060o Fot*e*b1ltt 

of "Crorant cations also T* #pro . and changes re as ► 14 the 
d1f f treat 	o ionn AOisdLt ens of o. tisous. 1 rest. the  
perteOUtty of nezvo fibre n.mbrane to L tons to betw sn 20 to 
wo times that to Na tons, whereas in the azotted auto, tb 

ratio to r v ►rnedo, 

In a *tats of p ►sinlo .os. r**t the diffusion Of 
postweli +barged e ions testa► pxrotopisa.. to eztern4 fluid tws. 
s positive ve +h c r $0 the cater OW&4e of t►a X*mbr . and a 

flegsttv, charge to the for one. p.ri1a.uts have shown that the 
+t+a ntratLon gradient of 1 + tons to resL17 the prtn*tpai factor 
detersiniDg the value of the resting potentt4 of the non [i] 

ntherestingne 	the sodiun ions, which are. 
$08itt"40  are in aicese oatotd+ the sesbraA. 14 the rotes of about 
tot t. Potassium Mss t aio porittvo, are in ezoese within the 
fibre, the ratio being3 iI• Zit is obvious that the** ration 
represent a high degree of ionic unba1inar. 
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the rare* for the appearance of an action pot ant$d in 
the uui and a sce #tbr. to & t 	1 in the LOU p.r*.sbilLty 
of tn. ..sar no* Thar ranbrsne praeabtUty to potassium a 
state of rest„ ezeuds that of the tea tut. As a consequenee. the 
flow of po.ittle jr +al rr.4 fota sus 1040 from the protopissa to 
lb. surrouMt fluid .zeeed. the oOUtr r flow of 	'c 
cations twos the Outside Into the cell, so that at root the 
Outer side of the eel boo *esbrs*e to eleotria.ty pastttvs 
to the &rtes one ). 

underr the effect of r Stimulus 04 the ceLl, seabruns 
9*100 bility of sodius tots incr#400 reasrcsbl to a .point. vb•r* 
ILI 10 approaI t 	10 t$aac that Of pot Out ions. The Clow 
of Is+ tons tray the surround$4 flM4 into the pxot*plssa 
therefore bias to co* ". the outflov of potanetui tons 
eaneider.bly, vb*oh so rarses the sun of the seabra►ne chin., 
its outer st"o b.aoaes .1..tniosUy nijattyc to Its. tuner 
surfaces the chance is V#400n.i as 0 ris, of the sot on 
potential curve (4 	arisatioa phase) tiiur. 2.11A 12.iIb 

The dress• in p.rnssbtlity to iodine ions continue I* 
nerve fibre. for only a roe abort lAss,, and to tblLo,e4 'firthe 
appearance at testa*ati o PrOC 	in lb. 041 that le d to 4e~r 
4+or.s.. In *+bran. prrn+ sbtli ty to sod us tons 	 increases 
in that to pots tum tons, 
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Tho pz00 	1oaLpeto a -CaU &a ho I3Odit poo3bULtZ, 

of #ho ac bra to oc Uad .inao taation to flo&jl4a. As e 	u1 of 

• inotiv$tou tbo t3.Ou ot poo tivo Una" loco into tho protops 
in obarpiy roduao4 a ]o a a aflOOUal7 tnorozoo in pot t 

?oncbUit iutor*oiUoa tho now of positive S ` Iona out of tho 

grotoglaam Intoo. OXW0UO4L11G no4iv. Tbo .tuo p oe3oe roøt4tø 
in ropolarioation€ of tuo moDbranos ito oubor o 00o awn € o 4 oo 
a goattivo ohorro =4 tho iunor cuf000 a no otivq oncE 2bo 

CIitzVjo In roaiotoro4 an a do 	4t pA$ + ' tho action po#ortial 

ou o ( poLart sat* on p o) on ohat to fluro 

'ho dcotoo1 oodoi of tho u o ooU n' ao ohon In 
t,o 2.12. 

+ 	( 	eta.) +( V V) 
•a 

Czont $ ouo brat 	C4.4 10 v'o.T' C #U no coxz t cd ' o 

otboza, whoro 

stn a 8a(tii p oAbiZt9 oandaOtonoo 

POtiOoiuE pox000bUtt7 000dtot000 

c zo it o po aoabi1t r oo!zduOta000 

~2 vqo 

Y  ~A 

flora it ~' 	'Va 
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and so V tsO.a,toV* than 

to 

The rpo1arisetiOn rb+ + . of the action potsntt4 it divided 
into tvo ports of uniqua 4tr*tiOfl. At first d ►1a455 +4n or 
the eaabr+ne pmoods q U r, ter $her to a - 0 	. and 

finsUy stop** 	;' to at t)4s Sosont the b moan& of the 
nejati~rs after pOt.ttal sts ta« the aebrane rMoi no pal' 
Opoluts.4 for a certain tins and sosplete r400VOtin to the 
imtw potential of "" *V occurs after ppro*t*stoty 10 eL 
second (1] Ptiuro 2.$Y. legativvi after pots ttal tø Often galled 

''ter depolodeotton of the sambrane, Thio to oppsrsntli dno to 
seabrani p.rss& ttr to Luc tons randatug Luoreseed for a 
speotft itia. after torstaitton of the cotton po 2tial as 
oar srsd rich initial lovel, 

Po tiVe alter potential occurs before the k .polsr s 
phaase, start sad it is va;] seen in un'+ Unst n+1 * fibre 
?t * 9.14 t43. The 	five action potential is d 	the 
too$ that seabran• p' +abtUUtj to tons ""no hit; tend for 
a tier of teeatLas of the a*tion potantt4 ewe co►pared itb 
the iaitjiil 3.yg, An iaoreaas in the flow of potasstu* ions 
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fros. the protop&aii 1!04 to an ►rfAso In a*bane pot.att ►. 
i.e. to an atUr hypn pola4aatio* of tho * ►ran.. 

A tolti applied to the s1.ot ds, tch to Inserted 
into the Huron sots as sti 	. It a brief SUMIU r is applied 
to the axon (a sous re.uZttn to a peri*nps is  Sy d ,.inatton) 

tb. reap 	of szO to an action p 	4, This aoiLoø poteattal 

consists of a brief (appro *ato1 o 	std) fluctuation to 
asebrana pot en el with a abarnoteriatto conttjurationj the 
seabran. potential. tnd.r&ior a 1ar$o . rrpi4 4. OI&AS&Uon foUUawod 
' pr a alish jr less rapid return to the restinmpoteatie 	. 
The #Oak dapolarisatios sakes axon positiri nA the inside brieflj0 
that is, thy► Q Zar1*stton to so ax$* at the plc of tho a f* 
potential that the alga of mail *s4, potOMAI dift.ranc.s 
sot000r 	a 	 tiVf to posttii (.o nY). Zt to 0*1+4 
saeendta pyres , D*Xi$4 the Os*ending pbae the,  avAran. 
polarisation revert, to the ,rasa l.vrj to ern as ropol*xis.t*on 
phase. The, length of the aofoa potsnttsl to ,n. a. and rkadtnl 
su#.i fibres varies frea 0.1 ,10 5 	rtn wbioh repo]a4 Lion 

phase is ale*ro la ar than the •pof*rirsfton, Cooling of the  
' rxao 	1000 nak the .cotton potential spprzis*te2 three Epees 

iixjar [2) * op,oiafi its dasoandini phase. 



Whelk IVP.rpoLsrisLs$ s isa*s (negative) is eppUed 	o $ 
the electrode• no action potential results, but rather the a+eebren. 
potential siap3 r follow. the a#iaul us with ought distortion, as 
to the case of dendrites, shown in ?tjuxe 2.150 

sea&"* the 	►n'a response to the p.rp+ ►+rarieaip ►u to 
simply a reflection of the stimulus, it can be said that t'p4er  
polaria#5j stmt refit Is a passive veep=$e while 4ipolsrizi 
siisuii result in en active response i.e. autLrn. potential. 

Per a vsr r seals 4eo tMn stisult, cult a passive 
response results the response 4*pig' atrrore the stimulus ith 
•ltjht distortion. This passive response is i entio*l to the 
one seen with pepclmrtsin annuli,, ezuopt 1  of course, that 
the 4ir.at ,an is reversed to airrer the depela .alas etteult 
applied as shown in . guru 2.16. 

As the ienritj of the Stiaulus is gradusfly iaoraas # 
the sajnituda of the passive response increases proporttonsUy. 
With still further increase in stimulus stresjtb a new aatiVs 
component of the stimulus is resoved, a sasU $ p &0 seen on the 
falling,phase of the pa.sive response (om, uzs 2.11) 

As the øiisulas *studs to made Still .ar$*, this, 
1bmp ,fir ws in sisi. Pinalljt when the att lue intensity Le 
increased beyond threshold Yalu*#  an action potential get erated. 
?u rthaar increase in the allaular iaieaetty produce no further 
increases in the sine of axon's response, all action potentials 
are of same eta. irrespeetive of the sti es **i tude as user 
is ti ur* 2.1$. 
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thus, *hen ver sit u. bon4 thrrshoid value Is ava ,lab3e, 
Batton potential is S.nnrratrd. ,b.teiis no response results it stimulus 

is lass than threshold. This praprtz of axon to known as wall or 

none le,. 

The taterv*Z b.tw 	the onset of the etinulus and tbo 

peak of the action potential is knoi as latency. It dao'iau e 

yatr.a$iosi as st lus knit**do incrsasad. Thus stroni.r 

the ttnulua, th r shorter the latoy. A rte►  of later as a 

fug ation of stulUe of a tb. (Pure 20, 19) is known oa '4 strength 

latency oune, it bao road"* my the *a** shape for different 
types of szone attbouih the range of l,atenojee observed may be 

Very different. 

The phenomenon of fre uen y  coding to a •Oonsequmnoee Of 
several properties of the action pot,ntt4, ?r,qu.noy eo4in 
Soona1 the coding of the information. in teats of the ispuise 

t roquenty La) R 

It a lone duration sb.tbrshol4 atta us to uud # .i it 

Will silply produsr depolarisittas latinj for the ,period of' t 
that the iti us was applied, joxavar, U a too$ Zsstt a V* 

threshold stiaulus is k*.d, , action potential Vi $"*rate* 

1ea.diat.ly after the first action potential the situation to 

cospltostod by the pros$"* of. a 5t1L4u1 d*ring the absolute 

refractory period Yhen sMthe r ,ration potential to not possible. 

In out type of aseu thethresbeld ref* *s fros Its hub Vale 

to the resting isYd1 and iTe*tasUy r*aehes a point at which the 

♦ w4F, +Ml & 
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*tdned OUIRMIus to # ` WAT. in oa a&n * ss'Mnd sctton pOtenttal, 

The ass. process Vill r.is000ur 49a4A &Ad a~cain 40 1026 es the 
sttw4i a is a4ntsin.d, r p,st.dl. gib rise to lotion pot + nits 

gar shown in tjsur. 2.2*. 

etsilar resionisj it is possible to dedue• the 
r4atiofllbip between nerve Uvulas frs4auonew and stimulus Intensity 
for the type of neuron match is aa4#tt~+ex4d* 

the r.petatLv. ocoureuc. or nerve ispUlAu in response 
to a ts*osd dqolsriutien was predicted on the basis of t e 
r.frso ory p.itodj Stt.r on* action pot nttat has ocoured, a 
certain snount of ter is oso.essry for the threshold to return 
to a level where the ,aaintsinsd stLeulus is aiai* salo to *Vote 
a seo d sotton pot*itisl.It the stronger stimulusV • used, 
however, then woul4 be a shorter interval botva . successive 
tipul ae. limas the thr hold wou d not heY. to return 	 for 
l,v4 far the larger stiwulu. to be .ft iTe« ?hus 4erVV 
impulse tr.queuo would, Lnor,as. u the 	tu*• of a aintained 
depolarisetton IPLItr 

e 0"AOb • lat.nol relationship provides 4 std 
r. on iby increasing .t aulun.str tb produces s higher nerve 
Impute. fr#gwavr. 

The all oz son. law, which rates th*t the its. Ct an 
lotion pote ttsl i0 i d p.nd 	of the *agattude cf the s *utui 
which prodsass its a w that taforastion about s s*4us intensity 

#*a34### 



a *st be C+rtod sMs mw other then response nt,tudw+ An 
alternate seine of coding Intonation  is provided IV the proprtiqs  

Of r'etraatoq pert4d and s#n" 	tanaj relatiOnsl4pj Lnforskttan 

about sttai4us jnt*i eit is contained in the * bar of nerve 
1 ►uses Occuring per ascend. The re4atiouship Is shownn as 

`igu rs 2.21. 

0 +icon$ do net product action poteut$a4s z.p tivdy 
when it to subjected to a carnet d+ pODsriwRon, but rather 
produces  on o0* or asv.rg action. potenti4 at the onset of the 
stialus end then bun s silent l.n*plts Of the continuing 
dep ,4est on This phenoisnon to usually called coasOdatiq. 

#r+ uel Duly the inittal s eats near the cell body translate 
dspolariaation Into nerve lapels. fr.q%1en07. 

E Cation of +f®* neurons depends not Ozer cn +rte,#! 
str~h *ad duration but also on the steep ea of its increase. 
'I h the steepness of the r1se to reduced below a cs4a aintaus 
,vale*, no eCtion p*teAtiel appears# to Mlu►ttsr how great the fib 
strength of the current. This is b**suns of the fact that during 
they period of increase in oti mlue atr.agths *ottyo o+ ► 
occur to the tissues raising the threshold and inert.rtflg with 
sti sUon. This phenoasnon is ern as *d+~ gjj2#V Tb. 
phenossnon of adaptation of izoitsbI, tissue to a slow  
increasing ettaulus to known as s$ .ter!„ a't , 

,06350.* 



*$ 3, 

tUs iynaptlo cleft to very *a a* (about 2) the 
mediator +nick ' (0.5 stIt sacaM) diffus, to the post* nsptic 
saabraat sad interact With its structural oo*ponent$ when tapuls. 
to applied, this results in coustdarably increase is por*sabtUity 

of the paeti gnsptio *eabrane to aadius sad potasatux Lour which 

I. foUlow.d by Its depolarisation aa4 the 19P e'poa (4]. 

The ispulsa generated by inhibitory neurons, viicb are 
present in the spinal cord and in brains #  is arrived at the aarro 
endin, aIanj the auaaa cause secretion of a sediotor w tt ch does 

not dapolaris. the goal synaptic aaenbranar but on the contrast, 

'gar.peIswsa Ito The 1Wpsrpchriaamon is registered In the 

fora of a n ;toi peat wits wave 8øaribeca an 

the effect of teaperstur. over the rang, of 50•C to 37ed, 
ft  P 

as the asabrans was studied by *ao Ivor 122], 

The experiment wee conducted to carry  out the effect of 

toW avatar.. I t was shown that lb. inn.r dlu4 4.+ . 

d . fusion pat.nttai and tip eaistsnce varied considerab r t 
temperature, The following results were 	e*  

RJROL 	0l  $ 

Keating **Arab* pot#4 4 d.polsris d fros . 2,5 ,46 0«5s1 

•,.36... 
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•s 36 s. 

at a to 47 # 0.5 *t ''''C* The rate, of +arc VU not 	x 
` earrr 2.22. The, Omw U pots ttd U the fotto. of 
$ arsture oco u .4 D & step Ilk+ 'e'w vhtoh asy 
$rsuattton phis of the *..brn. et oritio t iapetet u, 

Tbr a ►v , re*istenc. woo r 	ed from 40 	44 
3'Q to 1.2 Kam et flCi The r4stioUbtp b tw.ia uib; . 

N 	 M 

r;statanos end temperature is non44t*esr. en+ **owed 

6 

 

.$p Uk. 	Ater *tiZsr to the fe s obsex?.4 with resting 

potantid. Me, 	pOtht  for bOth relettoAship 2.2Y (s) & (a) 
oc*z4 fit ""I 	s*pttuu•# 

adothen. p ro*o♦ dsole 	$toy► 	, 2.23 (b), 

The s*pUtx4e of sctt4n po 	. *eOreae.4 tg '$G to 
90 wY as t watu* wee increaced (news ). '44 1"9 the 

nttdroaL c apt. aZttu4. was Ito at (suss#.) and at 0  0 the 
+ ltt*4. bed d+orasasad to 20*', The spike motion diorausd  
and conduction doct3r iaOrasu.4 as taper. 	we. raised, 

Tb. as oust of depots4 action eutrant rj$r.d to p duo• 
a spike its the tat + 43g1  etectroit. doomed an t.sp.ar*tur. 
was raised i.e. the threshold for spike intjation decreased 
#.sure 2.24. 



At t •ratur► fro 	0601, spot 	os 4is srg• oottvt$y 
was oboe .d (Pisur 2.24 (d • Tb s as reflect the high l v , of 
dipolarisation produced at these ts*p.vstu eo Tb. nab isleoUrg• 
patte of o*4610 sation ,prt ttoL ,as o ►0o 4t.r at toiipora r. 
of C or motor, siaob that 	tip] • spikes or Masts were 
paro+ **d to responseto a if ie ottirn4us t t (fro 24 (s) . 

6APTLQ j# ► ,q5j~.j Tb. UPS? duration deore000d as tooporsture 
was increased. Coaplet, dopre,oton 000ux.4 at epproatsatety 20'0. 

AU the effects abae*v wore reversible over the teo rorst sr. 
range tax 300 to 3'x'00* fill* t+ 	snore slurs* ar b4ow thto amigo 

a 	.. 
Usually produced cell oath. In fey Ceflo ystr.ets was observed  

when the teapersts g was raised and s*bseuent3i tower$ back 
to pr dud lewd. 

The observed decreases of isibran. resistance. spike 
threshold a ad action pot eotisi, sap tad• were cons# st ant with 
the depots Batton of the seethe seebran. potential produced by 

0#40! 
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The Usto p of the isursi mode Utos to on. of *siv f .. 
starts,. dead +fir  aa4 con$i a, 	piss.. pregress has seldom 
been rapid and kiss often hesntrastrettai. The 041OUo.s. nonetheless, 
to *essn rabla, Tkie advances kiss, $a fact, bugs snbst 1 si, 

Nenr4 *400'a tax* a Ys4.ty of to * rsnLni fros 
inforsal, yrbel ao4sle to biter •laborste p yst oa]. Ladd *sths 
*st*o4 o 	at$. f*It models that b*r appSr 'd[$l d &fir 
the last halt a.*tuq or so harp taken the for* of 04+ Dal 

qstuae, .i,otronto circuit., tb.u►ttosZ 'oz*siattO5, or 

c ►ter *i 4oU*cCw 

Constdpnbl. s V*nt ea and serious short -oosjug. +!fir 
found is .a+h#  although for a given .d.Utng problem then + Is 

cen.rslly 1ttt1e dtt ieult in seleattag themet appropriate,  
tehzijga r. UUS** sa essttO ei, deotniod, electronic and 
oo*putix .ts a on *adds rasp ,se the a ortt$ of 0...tmpormiv 
&Woso$  it to of interest to ex ads. **a* of the intrinsic 
merits ad de "i 	ec s . 

*stbesstjd models have, pest atUUit in &&AS#A 
4oa has. lha1 art .invaluable in *as*$ wh r the autber of 
variables is reasonably lIX0#4 and *on.Un,sritIas do not present 

$0019*« k 
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•o.ftrs *naiytLo4 4 Wt01*ltt.i• An ostitending SPRUC&t.on of 
this typo of model to founil to tha psis of *ewes bios 
pliydo.. toi'si1 tb ttos1 d.scriptton, bowornt to amply 

*sb1 in its pr"*At at&t• of dsv&.paent to O4 sd•q t 
with tbo st tiv;4sbie non nosr no Un.sr oo*p a$ties of 
entire niurons. ooapZot. net-work 	 sus to even Sore, 
forsidabll, 

In oo eta sp+ 4 as*,*a* w e?,, 	ee tidal sod,e 
of net-wort behaving a" arm it well q,zsMf ted, hto i 
putioais4y t # for statical 0000044 of ice. 44400146 
end for the snaZyote of tar#* sc a #040x4 aoti ity snob  

as rove formation ad promatiou. 

m1.otronto aod4s csn .t ats ooutinuosZy va *blo 
and uon44tnear op, bons asourat 7 ar~d sconosic4Zy. ProW4inj  

reaL tie* signal* that sq be c b. ►h4 wbiZe 	sent  
oondittons areHntpu3sted, their p.rdt a rapid andeffutiw. 
kid of observer model intornotion not +rutty sohi r edby other r 
techntu.a. There is oonsi,derabls ady"tago Of ar 
observation of were tom, pbcøo relettonship, nodulations, and 
time dependent tnt acbio°ns whit• stisuJi e*.d sodol ptrenotors 
are ahsng.d. $ucb sdvaSta a to Ms t ifTeoti,. for the s►d4IUW 
of one Or few t*t.r uasated Wit.. Per ,sag• net«►wo . 
however# both observation ands aenipulation of ps t.ters and 
.o*n.ottons becomes rear dift.cuZt* 
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A, 406 oospters have sd sAta 	e#*Lez' to these of 
el ectronIc. Model*# 'b~a►t tend to be ,*x and o ►b.raoae. Both 
he the advantaSas over astb*atLeal models that thq do not 

teM to coipel OVer SISPI #msU. 

The lxodn6 speed and e#Q agC os sbtl ttt M at digital 

computer* ears' jreat poaise for flexible, realistic soslZIoi. 

In this view the author baa d4a ueee4 eleetriasi and 
electronic soda of the as an, This resew is representet 's 
rather than a tte$ive. The author attests to del*neata the 

sai stress of actiVity to neural sode ing st14 to 	asize 
what :seat to to **portent diraotlelae and s+chie tafats, 

In this roi ew the author restrict no 'sod * at fixed 
properties of cam e.,; .ini. unit and r,Z.atte1t esa . 
*.t.,o*l s on 1. Th r* has been no attempt was sade to include 
satbat1o4 sod s# e*oal sod 4* and sadals of intorsstton 
starat* L Ne, snajog# off` *.5D t'r conditioning or le ing  

hsei. throuhont to on the dynasic ; 'O ti pra**oe1Ug 
sipects of nervous grst . 

The following a►aetrical end .L.ttronic 4 s + e .e sro 
critiosL exsstne40. 

1,, 	aedgtn un 	►''s $o4.l or iearon 
3, Lewis del of Neuron 
3. 	Qo Bay's **dal of Squid fin 'ore*• 
4, R eC, Xodel of nerve fibre 
5. 	2L0 mode). of nerve fibre 

41.41*o, 



41 

Kod.i bard daZt iur .1* $ syston 
as lost* trowstator *o44 of *e* 

9. Sour* M044 Iu.4. on 10 a pui & hijh'paoa nat.woite 
$0. Bin's mode► . of 
I1. Irenob POISO. Model of nr sn 
$2. Dindritta 	ar 	$ model of n.0 . 
1. Nadi l of ash by Iiawaa 
$4. Zt.otronic *►da1 of t1uror 4th f cod .back through Re"h * Coll 
15. $i*phsioa1t ao44 to i*p M. lext. Xs *Ls+ 

.1 	KU'ft jLs 

It this Modal +icot .ob oal ofroat o taken into scoo t. 
fatthe modelling of oura1 stet.*. Homan and Ui q proposod a 
asthc*stioal 44 13, 121 for squid a►rve to r,* the 	on $m1 
V6 	. 

The Ønn 	ar1 or for the action potcatia. for aod.l •ho 

+ ii ( (:. ) - ) 

vh~ ro si, and ' 	xepz'asent the W*known ocaductantc .functtonsI 
ooaduat . 11 be (wlQtions (at least) of monbraue ,pot.ntial 
sad t**e 



too t) ' 	i (Is, t) 

The above equation is rro cospUcstedø 

' ho i brsns eunent to .xsoti bstovor ourmt to sppi,.d 
ion 	st .L .ou ., 

X*ubre o, • .p . t* _ a a* 	+ t ( '" c 	► - 16) *~~ '" 

rs a 0 ooad t os of S 1= 4 *4.nt on t #**brim 
rolltags a this 

sic 	,ond+ tsnO ► of Z'ot o ; ► 4ap4n4eflt on the 
s*brsn. otta$. and tins 

Ch •Ioaks, oondwtt o *hioh to indopendant of 
w~olta4gor 

 
and tins 

This. th ►s tonis oo a*onts fir* to per4lei., 

and Na sri lb. *o sts*t Yot.is 

Otsp3aus.nt at seibrans potent a t r Its matt t 
V 

V .r. Z 1ea*a4• owmat 

to the pol tid at ,hjoh 1 	e ours at du. to 
oh1o4ds and toy. is sore. 'b. Is conduotax. Lnorasssd vb+n the 
"ou V 4o 	.od, said then Ooormst sisLu it bbs pr+ 	• of 
•t &A dopolarlsstLon is osfl.d so .oa *nsotivstioa. The d.ar s, 

III4 SM'* 
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soma coaduot s, vita uM*tiit*s dipoiarisatton *a t•r*.4 
radium to tsttofl, aM tt • do#4uotsuca tor.seea ara + Z d 
potasaiwt and so"Us 8 ti atto*. Hod in and Eu i foWld 
as►artoal .Oqu*t.U040 d raarbta* thaea tuscttono. The pair at 
.gUattoa d..o,ibii the potaaaiwa 0044UO 4. a,• , 

1ka t 

4. 	1..a).n 

here of ' 	~ 	t3 

A1 O~I2 a / 

Sk • C 	potaualwi a r uatanaa (► o rta t) 

ara functions of vQZtsg• but not of tin, 

t . Oi*r .*+a1 tart able harm a ra1ua btwe.n 0 and 10 

s(1•.*). A1 

Q(*~ 

4 

wit 0.0? 0 
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Pro. this we gst1erod 

'*0 ' 	pus,sbtUt3r sppsors to  dgsnda  on oaasoe pote#1tis1 *Ad 
not on aaabr ne 	roat. 

2. 	UU is Qgainoetrstioo to *oa that P a at is dorr.at to 
onward. it %4  i,, 'tbo so *rent chsos in sija but fo .ovs- $a** 
tiSe 00U4r6,, 

At tiled depotarisotion of bus. Off►*t fo Uowo a time 

ø+ u . rr3 * form $o Wdep*dsot of current throu&h wog ►rsus. 

The 	

1 

sod.i I t] 000a%Qtr of oopon parsUd oircuits and 
includes the qnsptia aeabrao s* ogs Sue conductance out Of 

Ott ere constant and they t cider s l rio t ohm ►- wog to 
either to change in synaptIc tiputs or to cbon. in #rya*brens 
potox►tta2 (Vid * The rre*t throuji osc - ddotanoo to . 
product of tine'  vu 	co*duat uaco itself and the ti*, vsryt*j 

voitaia scrosa it, f4uro 3.2 .i, .1*si te* the opexottoa of 
sisilotid synaptis aduo*o o. Za asoe of synaptic  conductance, 
liu. 302 ()#b o. pro.rro►gt ,o strike Lo tan. revved into a 
d 	.zporz t si 'y neani of a RU fitter. The exponential  
t prmnts the iii. course of synoptic CQad t+MS. The 
*ulttpiLsr circuit produes a Current p 'Qport OaaaJ. to product c ' 
ao*dutsnee and voltage Va -. 1k) &Oros$ it, 

2 

The electronic model proposed t G, Ry is cared on the 

19-4 mode ►# Aoor4$aj to 	theory, sodium, and potsasius 

...45. *0 
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• 'F!6i 3,3 - Q•RO,YMODFL 
( ) 5/MULA7ION OF' POTASSIUM CONDUCTANCE 

141 SMU LATION OF S0D(u M CONDUCTANCE 



.1 #0 #• 

condutsas.s have Y+ r loo valsof i ► their resting 0*5*** When on 
aztorn4 voltage to applied somas a*brsnar the condaatano.a of 
both ore inoressad* when the applied potential to Urge* tbr~' 
reach a saturation value be ron4 which they rensin chant. 0, Rog [t7] 
found that Fes' is the tdml el,otronio aleint to etiulate the axon 

One P0' ii used for g ao4 one for , a0 Th• voltage 
across sacs aewhrane 1rVepreson.-t+ k by 0410a soraroa voltage (V4.) 
and cur t by the drs*o ourc. rran* do lgatiYe bias 
to on the gate of P for resting ,tats As the 140 40 teed book 
via an ilitirYining c1ro4t to the gate for providing "olds" with 
dependenc, Of Oaadut n i 	The #dot b ors.+ ""sPa ast 

with the tntroduatton of RC Lu the teed b** circuit. Asc o, 

is used to aap$to the Ida and to isolate the UI fron the circuit 

deteraiatng the tino dependasde of gam. The **T* biases ore 
adjusted so that the diode is non conduotiog when V4. W 0. 'fib* 

aaupling capacitor is anob "all or in order to prøvide tinter 

tuativstion for the s' coMuotsnc, 

o ,utva1ent RC snag of axon 1 0 12 to shown 15 
7L .- « theme d rl* are li w the trsnaieatou lino of power 

art . The resistance and capacitance are diatrtbntad along the 
length. Tho giber of Resistances (R) 	Cap*dt 	(C) 
par.  tirr depends upon the lengths, the voltage & current can 
be calculated from the differential equation at az pored of nodal. 
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)OSg4 ngui iiRs 

It to sq t a to the losj t w4+s ► Us* t10 12). m. 
I, L +gat a ,asst+ 	are dtstrLb*zt+ d all +4o the £su #b of the 
fibre 1st. the " qua of current eMd toit s can be , of by 

lvtag the d#ft 	ti4 	►tics of the , * o 	The fibre 
section is owed to ,M$tom tbtouhost. 

	

The C &M ( 	'. Y+5) to *is used superior  
model d+* to f011ei4 1+ Ofl*$i 

I.s The .cam ph+na*.n+n to considered  

go The realistic wave tom ' Y be cone ider.4 

3.6 

Tb. Le$i uodd to  14 to used on the tact, that the 
► root ire funoflond2y such sore ooap)ez then as thóuiht of in 
they 01"01osl Vier where the *ap'tt•o rejion rar conc derd to 
be ouplid dtreoU r to a spike. 4 single go rialioatien of a 
beUtstia nt$i.vOxk is show* in PY • ;i.6 (a). Zn . aiautatint  
the beiLstio response$ XMrt s us tses , three ,paraneter., 

I'« Rise tine whims Is dsterithed, bF a2 ' 

. YOU t t. to deteratned by to# /1 C2) ,R 

)a t d►*w* siipUtud. 

The Impute" urISLUOtzj is pr.e7nsptto a,uron, trifle 
aittid thnujh 4ster.ie1Lu1sr1, tndaa s ct*z*, is the ynaptio 
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x+sbr+a. Of po*t.o'nsptlo z ra*. Thus I a 4840 paro"s► tie 
rpm tadvers • slowlyflq ja , l oag ,+ rt O po$'u►s"fpUo pot.nttsl 
I 

 
non as ba1Utatio pot *tta'4. And the torsation is Not co*plet / 

vAdorstasdo 

Thera are tyro t 	t eeoh sMs — 

f► I ~ 1q!* i The 	t impulse coadittois the "Poo 
LA gush a vs.y as to + no, Of tact tt*te *nb$*q*e r0VM*es, 
ti .r• 3.6 (b), 

Z 	 XOj The first spike reduog or anti,' 
tastUtstes the response, Piure 3,6 c). 

An inhibited neuron, trb.n inhibiting *ttst3u* was 6049 , 
was found to fire st+ nwour . This implied that there was a 
røoiand. qr a.g*tit, eft .r effect, In a staIar 	an ezcitsd 
neuron on eecssttou of prolonged ed 0200 tton ssy 80 through a period 
of depressed exoitabl ii . 

Th* qs to , responses depends po he phjMa4 charsoteri. 
stmt, of the avow stores* "Omen$# Figure 3,7 (a). Circuits 
containing tus enerc storage ,sleisats he P448 sep.rst+ 
wider enough so that the tron t4at response Can be appmi sated 
i.y treat ig , tht as two isQia ed 64040 enr circuits. [161 

Lot a stop voltage ' # is applied. or full 01WXving 
current which flow$ wirer the excitation is sppliad, to dOtersined 
bl the t*p ►t OspaQity CG. The ,Baas shoe, is nacusulat.4 in 



# .4$s. 

d*CS . C0 	°4' tb TO3 ts(e O .4 sor0 0 9,0  will be Vt3v 

saili, which C4  thsrØd t$117 tbue C0  oafl be &$*Vacs c mart 

oireu ,$.* dus4, the entire i*tmale The euiv.ient ctre $ 

to now udueod to a droAt 64041 	a otnite Duet a*Q e 

Yti urs y«T (b). 

$o*e eon get the following roUtIou pe tro* the 

atrcu4ts:'. 

O1 	 S 

1 *C4  ( //RL /1 a0 )  

C0  discharge through 

2  %ó * /1 ) 

Tb. fth4 +re a.w equation. 

To (t) 	I ; 2  

3tno. 	tise is v.ii lsrg., +error t ntod  
•tertla r the deo 	rr.  . to the a nity of *O vW be 
DNtt bL,. 
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FIc 3.7(g) 
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F/c 3.7 [ ) 

F1 3.7(4J MODEL !BASED ON IDOUILE ENERC y ELENIENT 

plq 3.7 (1) EQo1VALEAIT CIRCUIT OF E. M. SYSTEM 
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An .quiv dent Girt of trnetstor model is 4v.a is 
,.$ (a). 

A voltage stop is epplied. The b45riour of ioz4a 
curr.*te *re stfted dry tb. *sthod of L.api*te gars t*cbnt a.s. 
Consrpt of s..bra oonduetiri *odu3ation is used to calculate 
the vs4*us p 	are of iorrtc transistor. 

Where 

"e  a Junot on resistance b•tw 'asabrdas aM external 
so).iton  

ro  a Junctionr stanaer between interval solution and 

t,si4 soutiou. to usu „ y of or ref erred to 

$1 te around potanttal, a nè baa so oaU o4 irouz 4ed 
Cost 	CQQu. A stj* sttn pot.*tial is a,ppltid between a •rnsl 
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F'Cn 3.8 16) 

FIG.3•SCQq EQUIVALENT CIRCUIT OF IONIC 
TRANS ~S TOE; MODEL 

F1 3.8(b) E'Q,UI VA1.1ET EL E'C TRON1C MoDEL 
OP AJEURotJ 



solution and asoplu*. part of the patentiai Willl appear,  across 

the outer Junction, and the rest across nombrans, Due to this 

,applied voltage, ourreAt start flawing. 

Then applied stop voltage to greeter then the volteg r 
providi sg it mom 'btu seross the 41040 D1 for' in Figure 3 • 

the asbrsss napwolbsnctir all discharges through the diode D1 with 

tin• constant equivalent to 

"....`f  CM 

Onoe øapioLtn. Olt to discharged tt start a ,getting 
charged. up with tins constant of (Ito  + }• Op. Orjng the 

discharge period at CM codas otsrrents flows, and during the 

charging phnaa of C, co 	current decreases ht'l. L ' snrrst 
Increase to saturation value. Using an equivalent circuit of 
io*lo transistor, And applying  i.splao, traisofora taobniu,, the 
rspv*sslona for sodius end potnesiun Ourrente are Obtained. 

•&ppl3t* A IOUs*. transforu for the step voltage 
.z,it&ttau#  sad writing loop equation for awsh one sad tic is 

O,  '3 •B(b) The sipreaston for sodtus sad pot a a.  t *crrents  
can be obtained. Zt t,A seen seen Atop voltage ei.chatton ja 
applied between tntr 	1 *r end eztraoeUulsr solution. lost 
of this spplted step voltage occurs across *e ran rigion,as 
the resistivity Of 'theee solutions are negligible comp rd to 
the membrane. The erpreseton for ti*e constant 

ry  (. 

(2r 
+ r_.l 0 

*..51.«* 



Aad rinilar3y 2 a T to the z tae of potauius aurreata 

by adjusting diff er* t 	a*eters as a, Rb  sad a. The differ*&$ 

shapes of ihe, wave fare osa be obtained required to the action 

potential. It is 	satisfying the steady state condition.. 

Ia *U0 fir , (12) p there i0 *A.* lair pass sad #ne " 

pass x*t q , cp rt.d in e*ct#sde as Shown in fgttr. 3.9 (a),, 

the s oaeoajlre 	'.sOXks do 404 load 	oi'her, . he r.Mpafl$+r 
sea be spar*h into two r Oia*p both the re one depends upon 

the Individual ahsraatex4a os of energy storage decent. 

of 1ev pus 0 I/O Of iib Pa o 

«r 0/P of Wtgh Past 

,r T • $bran. Rohting Fotozxficid 

"2 () Y'1 	irk 	where r .• a1  ' 
(t) y«' 2 	where r 

Tb. biock diagrais *how* ti Pi o 349 (b) 00WA'Sis of 

threshold unit and puss ensrsting unit :std wave shaping 0Lr+44t. 

The differentiated Input is applied to tbruboid +dirt. It 
LAM to greater than threshold l OT4 0, tot au1tt.flbrstor triggere. 
This pn1s• output to fed to the wave shaping oirov4t wbtth 

convorte the pulse into spikes to satisfy the et.ad state and 
transient. conditia*a0 
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3.i0 	$'S1t9D is 

Via* (11 prr $ 	4eokosto so4e2 of Neuron by U$ 

the tansLators0 as horn is figure 3.10, to show the input 

output prop+'tL•s of no on. In this sodel to ! ui tour besto 

properties of neuron are provided$** 

n spatial aM tespOral sucnnotttrn 

b) All or a lsw 
0) Ab +$ • rsttsot 	period, and 
4) Or ad tohibitetions 

fir► $i*e constant at *onost*bA. *4tiøyjbrstOr shows 

e absolute r.trsotoq period. 

p.11 

The block d&ar s st the std*& 11$) in shown is g r 
The model consists a 1eap intaisatu, thrishold lard Ctsparabtor 
and pulse generator.. Ues  Integrator cuss the, various input over 
n p.zod OtmMod by the constant r, of the integrator. Acs th* 
integrated voltage exceeds the threshold 1•4 the **operator sand 
r iiu4 to U s pulse generator which 4t10 pulses at the Q*'t, #s 
The, pulse duzn a* d+ t r nea the absolute refractor period vhioh 

we can ad 	by ehsr iag the psesit, pesters of th. pulse 

kbthrssd "006#s  are fed to tsar*&$' * the threshold 
level With n s.e d tins constant ., 00 that the essiog show  
soeo oda'ion to sdo4i rising inp*ta. keb O tpat Puns resets 
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the  Latrgrsto, and holG at &% Ito initial walus until the and 
of ib pulse. J5ob pulse also inoresses the threshold 	an  

snount. VO and .'l ots decays with the constant T3. it 12  
is gall ootpsrs4 to the normal inter als botween pule**,# It 

datrxail* 6 relatiV* era#raot,1 r period in fah a seaoa$ pause 

to r dt1.7 ltd. 

This aods1 of French and $tdn incorporate. 

1) Variable abaoi to £ rdrsotor period 

0) Two tsar 	t # 

Wit. # control of the coos o4ationto Sub 
threshold V tag* + ► + 

3*12 	 t 

In this sodil $9 sultiple taut copa*entsløystes  
analogous to a 4endrjtio net to used. The model doosrlbed a 

44040 ed action potential. The input to tb model is voltage 

PV40r0 end 0/P. is * 1.at d action potential.  

A hick 4Le ras of the basic 5 conpa*tient 40 01 is 

i v n in figure 3 I2. to this *o►%al ,f 's are used. the 
stsniatsd *Fran, pot eatI d1 as the 541.sr region i0 oonti. 

n au sairplttj..4 ooipsred to a reference potential. When 
this Siva& eueeds threshold, 0 wit Trt wr is fixed Bch 
is turn triggers 4 one-shot sttiwibr.  tor. The 0/p of the 

pan*-shat snitt..wibrator is fd to both )qPov"Isz'isizaM 

4.polratdat condu tsuoe wave taros generators.  the 0/P voltage. 
fros these two wave *ping dra4i*a are two spplted to the gates 

of the perpo1artdag and depoiarisiag Fe's. 
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It is 4. lifted aodd of the Rod & Boor Howe eq, a►. 
the non aod•I [2)] propose 	1.d***s to the ( ro d t shown in 
Igu w 3.13 when ► TI) mdi C*.. t ti  , tin*4 diodewhole volte +rotitrr ► 
ohaanao$ ortstta (I' !s 1, ( ') Lis shown 	gur+ 3.14 sd e (6) 
represents the voltage applied IV the volt ac pulse generator at 
tine sR 

The 41f eran ul oquatio* Of the oLro * was given. by 

0 (t.(1 	- its ) 

The response obaractoriot.o of an electric no~►roa nodol 
proposed by sgu*o was theoretically invoetiga ad, IA the dogoa.r.1s 
cane the b+ Ytouv of this neuron model is goiezned by a non-1 *esr 
differential equstion of the first order nnd two ,jump conditions. 
It was shorn that the rolat .on between the pi also width ( or 
upittude) of the etiai4ttting pulse I.Quenao w4th a fixed 
fregn.nq and the firing rate of the az uca nodo1 baler the torn  

of ma extended onntor function. 

In this m ►del [34] proposed (n,guv ),I5) the Q+ i body 
Of the neuron is raprosented by on integrator, the hat wane 
rectifier, odaptiv, threshold gate and a comparator. That axon. 
h*U oo* is soO Ued b ' a sonos#able aujti.vibrstor, differ+atiator 

...55... 
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3 a3►s.i*a x$c ►s Tho azon to ?.p"*oA**4 b7 a realstom 
Oapacitenee aro lziattoiao► trsu adon IS&** Tht.e axon analog 

line to $jr3Uored b r a sit thoughh aono.staWWe #ulti l,brsto3P 

and ieaeat.s action potential ,hiab travel* bra $ong the 
Lino 

The *e WsWN*# of tb* *at.agrr pr reprenente ohs 
*i*hrave ties c o Cant (. ta;) . The *acuoawLitton and 
adaptation pkieaaaonon to ai ated 1 ' h wa*e r.otiti 
an adaptive throahold gate# The relative retraotorj period to 
4.0Uad by the tine aonDtknt of the e4*ptLvo t esb4d Set** 
The 4/p of the Integrator and the adept*.vo threshold gat+• ar• 
coapsre bi a oo* atom the output of a actor i a cosn.ot d 

to a nonøsable u1.tivibrator wl4oh triggers only when all the 

aoa txidr are sstiaticd in the Call body  unita. The t 

conut t of the *oaostable, nultjvLbrator docidee the abeoluts 
r.trsoto27 period of Qø  ?O. *odd. the output psla* of the 
aul$i.wibrator gena tis the a4tton potential tbrou differan  

(later and pats* s psr hioh tra ale down as the axon analog. 

The 4 .1263 Propose bi sazena si stu tho 
tnnssutan of j,r 'a tto* in the dendrites. sell lode', axon 

flodk. axon and inhibitory f 	back through R.nehsw CIA.  
R shsw 0+1 works so protective  device ag14aft 0200881TO 

zcitstion and generation ct nation potential. Za this *044 
shown in P*.gur, 3.16.4, most of th* dlra#x ,04 aheareotadstias at 
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'1 	1+P 

*our(* r o* with Its food book loop tbrou$h Rsnabsw Cell, the 
iu*uutio* end i*t.$flti!Ofl of 1 '3P and IPA Lnputs, to i. radon 
phonon Oa* in *4l 1o4 *brafle0 threshold 444 etgb hr w]d 
pheno*enon, rdrootoxi period, inhibitory Input fro. *en+hav 
Cell ito can be easily etudis4 b the bto• ,n rs, In this case 
th,eshold is taken srbttsry value. 

The classical  eu (241 of function in the nervosa 
cyst 	o r that therv, lapuls. is the result of a 
sequential r.v r l as the .eabran, pot .n i due to an ncreased 
ps+ 	btltty of the *e*brane, first to + 	tons. thou to 
potss*t ions. C :ii' theory presents a ato-phyil 04 model 
*14th dsptots the nerve tapulse as as agent involving the sot lone 
Of the et tfronM► si*4 u v*es, And their tnt.iaoflons with sodius  
end potmjua etosi at ions. 
(the soit *"or*aat p*rsuI.t.r ofry function) La det.rst +rd 
by the products of tw ccnsba►.te I C the spied of light# 
which is a constant for ill 

constant for 6fib nerve sad to ball.vei to be a specific 
property at nerVe netter rr1at d sale way to fir+ O a #met►* 

The t*eury proposes that 
fi,► 

 
Pu*ottoa in the serve sass to duhlietto# it involve. Ibr+a 

significant aspecte ++rots end vows* to shoe end t4., 	to rw 
action with sties and $0400 
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g. 	The dus1*tie mature soco is for the Most fundsunts3.  
e s tirtatLs* of + duQtto. of the nears I ulses 

a) Ildg+ ,M  ' Cotton nerve bulge Over Ions 414*00*4 

with *start velocity sad to=* 

b) Za 	* (two aws tapes can not be the sow 4 the 
ease) tine) . 

p 	 t The unit neweste of the serve 
ispuise to an indivisible unit.  

.*$anstion for this attired %w the loss ftoa. 
t ar (the tronto hypothesis of Arnie ev cotton) is that nervy 

szone have an 'abs4nt. refractory period* * During this period 

a isoond *erv. p4so can not to gam"*t.a boarding to DOW 

throw, the nerTe t*p4s. is an event during ob two Vo r 
different bt iatermr4at.d phenom n 	0 not ' iblo' 4w$ 
on. as* not occur unless a other has coipletad Its funotiono 
Thus * each coapanent of the dualistic pbouavarur n reusins 

3 s 	, The v.l aaiir .of the serve tapuls. is 4.pendiat upon 
the product of the two Oonstmatal C, the universal constant the 
Speed of light and go, a product of two *Conetautsø  teotorss the 
spied of the a**A# prec.ss, off,, and the fibre configuration, "g► 
as r rate eanstsas. 
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4. 	of 	in th axon to re* did as r ape asthisatiad. 
The nathasatlos arts to a r.sdt of the fusion ('that►*Qtton, union. 
oa*bi*stto s) of enaxg and matter as dopiotad In the sebiostics and 

the qaantu* tbaorrtta+ .,unttoaa.,, 

Tho notions of %in*#  diot*nca, v+ octt7, *t4. arc fornuiatod 

in q*aptic ro vfl where 5brsia function' sotnafl7 takes playa*. The 
axon is regnrd 	" AS, a trs*spo$tsg Wstas tiusporting nsab 
it r.s w.s has the japtic region to another synaptic region. '2o 
cormt s express this beEtef, it is postulatod. there to a .yn ptia 
function,  such that 

Vai 	S  

'agar * e a canctant ncsbet fog evars none isp1se in 
a specific own,* the t in the Aw4aptio function. 

6. 	Thereto:,, the nerve totopuZo. in tb• axon is r* arded both 
as a tarry and a n her, 

t  

I. 	The resting ssabrens potastt4 of various axe wsq boa 
0 	to 0.41 Tait$* 

to 	The ns vier Impost is a two4i*M susti4 r versai of the 

(a) txo* n+gativ. inside and posl*v. out44.,, to poa-LtjV. in+ de 
and negative outside. This corresponds to the mactiding Ui 	of 
the nerve ispuars 
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() Tics positir* tnsid. 	X*gstLYC Outside, to niCatiw, inside 
sad positive O itd4 . This oorrispo*da to the doseandiag lisp of 

the aervø i 	se end the restoration of th, r,pm. 

Y. 	'fir process desaWked in (2) repute Its"t iostu.ous1y  
all along the asoS with oa~tstsat ve ootty am tros regardless of 

Its length, 

4. Sol►a 	U*der CosetaM o tt * cosdaot a nerve 
tapuls. with a velocityend tzoc that to specific and 	 twat 

for that +loran# 

5. The v400*t of the nerve Impulse, to *n '*qeithstid 
nerve to ap e . t4y 1/00 of the velocity in *dtnst.d nerve. 

+6. 	14 4 Wins* ac's, the resistance  to cux*e*t flow 
is asrte envelops (:fie s 1rrans and irk '' in, chest) Is so high, 
ions (sodtu*„ potsedus. chloride) cannot m *oust the nerve 
earalaoe# the current to rids to flow betven the gaps to the 

ramssheath. These gaps are *+ 1#d the *odec of er.  r 	s, 
the nerve ulrs is acid to 'jiulp' from lair to node 4 pp ull 
oanrid mblo a.atisaw of nerve, thus accounting  for the gb z' 
velocities in reltas8ed nerves* This too of conduction in a 
sy.Unst4 Sarre, to turd O lt&t ry Conduction', 

7. 	cosduotco velocity is g.nersUy 4spendst upon fiber 
disaster. In gs3Uaat.d a Ir'aa the velocity also depends spas 
the thickness s of the *'eiis sheath relativ, to szoa disaster, 
and on the disuse. bitw sa *odes (0,5 to 2.Oas) 0441#0 vsly, 
these persastere +wit be referred to In the toxy ss fiber r 
gens.tr with they wabol (►d 



s. 	The 'kodo of Rsviir - tb. diit**o b t,s.n sds"Out 
ac ,.na gals to oppr 	t 	I mica motor (WO' 6  $•tir) 
This is * , cr " section at r. S O11401t,d z r'♦ whs s the ixe* 
s*Irs . Is is f res s u osti ► With the Nzt 0 1u)1.r third. 
This a•cti o* of the nrrv• tb* *ad.* of Rsnjer p ,' cs a most sritto 3 
role to foi &tt*t► of the ► rVe i*pule., and in aizie canduattos 
b.os s. resting and + ttofl pot anti4a or. *.o. ro t +* of 

tdess £st.r ds1 r+ t r. at. wcitabi.. 
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The anrhor dev.idpsd an 4eotrozdo model of a.uron nhieh 
.*titbits all 4.otrtc4 p p.rtL•s at aotu*3 n.+r 	. ?hts o2.otron#o 
aod4 of a+ as bas a. loo.1 feed bsek path as to sztstinj 44 actual, 
qst . this propøsd aedd hww toUoeing Advantages over other 
*o4 4s Ov.loped in the Wit, 

the aodcl Li oo*psot, VOU01e and L*tian4ve. 

tt) . 	The phy.iolojic4 data has been handled with r onsble 

iii) 	Tb. *odr3 inoludee the local i bitOxy teed back through 
Renshaw 031  as j port ed by Robert?. BCb*,dt 7) . 

} 	The so 	indludse the affect. of tecpivattzr. on fls 
ezcihebilit as reported by fl.* .Ksoiv.r and 8,,11, .Rsth 

eb. s44 inolndespr►tectived cà aenibaw eiU.a sthIt 
.asiv r .*oitatton and ,ease tton of action potential. 

the model Includes All the ispirtant 4ectrtc4mote  
titLes such as s'*NatLoh, 43 or woo lay, tbisho3d s  
refractory period, •to. j4 

'U) 	Lines 10#6 hs*M been oral to hie the pbyaio1oics1' 
data of neuron for eoav .*oe, 
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i) 	Rooting po$.aatidi LA actual a*Mran 10 taken into 
oonoidersti+* to decide threshold &*Vol* 

TakiN into eousidarstion the above eats, it is thsuht 

that the propwsad aod4 Mt be, of use to tnd rstsnd and 

dsanstrste the factions of th ns on. 

4 

The bleak dLrjrsz of the zsgr yodel proposed by the 

au bar takar into con drationa aUU the %ectr.s of an actual  
neuron. The b)o k dt .* tern is Figure: 41 øbovs the 
dii .r t blame of the n * sotiel. The neuron and Its trod 
beak loop to divided into d.c4nttis veld. body or sone, axon 
hillock„ szon or nerve fibre, and 5.nshav C*ll.* Dendrites 
sense tb* tnfcrsation from s44ojM46 o&is at synaptic 4uno fans 
out peso it on to cal bad', Zn actual syste a nuabsr of 

d+ t tes pan be 	for ea onrr d as zaziy . thousaMo (2). The 
0011 body pruceoses the inforsetion r,o v.d . ros cR+ drit o. 
The azonihiflosh to the nut. s.otia i* era action potential to 

141400d rhiab finally travels down along *on, This aritp t 
sigsa3 to toed boot through anaba, cell. 

' h+ dendrites racers .zoitatory,inbibitOy .inputs 
troy other cello +rte en Lnbtbitory input roe* frequency dapnds  

upon the level of ..a .tstl.on free its axon through Renshaw Cello 

The ezcttatoq and inhibitory input. of actual gst.e are si4atM  
is the for* c f positive and negative pale** by dUlfer+nttisting 

4. .6 .41 a 
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Oiroftl~. 2140 fr.*aor of pole+ r o a► be r**sedop%o $00 ao O. 
the c U body represas atioa 000to*sI$ Of a i*t. z *tomy o threshold 
sate and t* sr►tt*ri depsndt threshold IOWA., As the tespersturs 
oiAoges the value 9f theshold shsn+$ ko"Use rutin pot .1i4t 
of the nesron owes as tsspsrattwe ohe►e*ss in' scttslirotm. 
ft. axon hiUooic to r V#s# ted by a polar *.oe*o#or (oonoø'stoble 
04*0ibntor) . The 093"0410a. UAe analogyis 4f.n '0 axon, 
the arc ► 0000lo° o retstsne. • ospoo1►taoos 000bi. tt000] 

eoit scion 	 ► The fls►obo* Call o iots of wsve shaping  
a 	ood a totoge o a 	r d 'osoUlator. Thesat. sptug 

otroitt further 	its en d ff xontiator end itegrator. The 
outp*t of the 	d 	0.12 it teed 1bsok to the o#11 body of the 
AsumI So It tor" o load negative teed bock loop with nearby 
moos. Zn this vey the maw Calls oats as protective 4m b. 
against szos.ive is tatton. 

The obO01%to ref raotor period is oØd to + ties 
PO 0d of the sulttttbrstsr (i.e. w I AM i+o d) o4d the fire 
constant of the integrator to equal to *e*brane the oo to t 
of cell, too sad is of the ardor of i stilt second, The .rsi s Vs 
rot eoo' osr period is decided by the ties, po4Od. of threshold gate, 

4,2 	 a 

the oopi to oir"t details of the lestroMc nodal of 
the own to shore in Pier 4.2. Then are t tpen of input 
are rod to the *OcteW ono to .xot a#ory Jsp&t equisient to 8P 
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&ad other is LnhibLtoxx Z.aptLt *tuivr.est to ZP$P, The i*cttstozr 

taput is PA to the for* of positive pot atts►4 pates. and 

iaihibitory Inputs are La the fern of negative potential prises. 

input pulse* are dittar.ntLabsd i4h the help of RO differentiator 

to got the sharp pulses. The diodes 0, are, used is the ES' 

input allows only poettLv'e pulses. It block* the negative pulses. 

Similarly 4Lodea .rc used 40 U +PP t*put 4iowa owl A*pu" 

pulses. It blacks  positive pnlo$*& That easas that the ss*A 

Use cannot be used for pissiog on bath mW +w P input  

djfter.attotimo tine eosstaut of I ntUi seo4 ha. been selected 

with a #8 0,01 sdarofarsd.snLaIOQksba, 

The 3.agth of dues 1.e. the distance boku+ n synaptic 

Junctions sad the cell ba Is aprs..utd a resist ansi. the 

l *err rrslt i of risistenie shows that the synaptic junction is far 

sway troa call body and the .asll.r Talus of resistuwo .indicates 

that the synaptia junction is ve ata#* to cull bo4y.  Jor this 
pose a variable re 4atano of Ito labs which can b. adjusted as 
per the requirenent Ls tl *ght to be the scaeptsbls rSprosentstLQ*.. 

The Input of the Renshi.w Cull and the 'P8P and IP$P 'inputs 

are differentiated Defoe applies`  at dendrits.. £11 the inputs 
SP, IPSP &ad t.ad bsd thr u h Re hsbaw Ceti are con.otid to an 

integrator where integration of .inputs takes peso.. lb. t r 

constant of the ls, rstor WiLch to decided  th• parallel 

oosbt*stton of rasistans. sad cap 4tanee is adjusted to be equal 
to aced assbrsne Lu re constant. 'hers sri sssy ,zpsnsentsl 

result swatls rie (2) to show,  the ai.abzsni tie. constant to of the 

.. «6 i. * « 
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order of I milli as nd. To provide the I mill$ second value of 
'the membrane Use constant a 100 kohm resistance and 0.01 stone 
farad* capacitance has been used in this aide&. The other value 
of capacitance (too* 0.1 dare ferade, 1.0 stag* brads) amt to 
used in the none soda] for gettin1 the lay's value of aw6r 
tiao constant for further at pr at neuron 404014 he output of 
the integrator is inverted  sus of the a nsl a r..etv.d by it, 

he d*tp*t Of the Integrator is Alyea to the threshold 
for 140 Coaparison t*lt the reference level. When the 
Integrator output izce.4a a fens l 4 (threshold)  the 
threshold, gate obanges Its *tat• and provide a opal for further 
processing in the *0401 • It tb.ingrstor output is Bela, the 
refer . level then thresbald warn no response, This show the 

441 or none ls,* 

This threshold gate +edits off► when there to negative, 
potential at * Output of integrator i... the value of EPSP input* 
are sore than the value of Pap inputs. I ` IP inputs value to 
sore than R SPts. inputs value then the output at the integrator 
to Positive eM tan threshold will not be orosoed. Resting 
potential of about 480 n'Y (2, of a otual neuron trots* provide* for 
this reference, Thus the threshold gate has barn destined to 
have refeaea a of 	u?. IA this mdcl the effects of 'tespa tum. 
on the ozèLtsbi1tty of neuron as given by lac ve r and Roth 122] 
has also been aonstd.r+ do for this purpose a tb.aoaensor has 
been used so that its a ' *racu °isna astoo with the r.qutr.amst 



Pop this parpos, a tb.siioseasor of 107 00* hLch r .bttrd the 

rsg4r.d obs.rsotsr ,stiao is used* The resistanss of tb*rsos.uso 

for "tterant value of t+ .raturs to also shorn in the Tsbl . t, 

tar the workingg of eg.etr#010 wodsi, It to mused that 

tbs rrofl narbr 	potintia1, Of the iSargn is *80sV at 19'O. 
This assumption Is Valid s o. this ftjur. of •.eQmY boo been found 

bi mi La rests ►*. As the te*psrstare ohsn*s to the 40C C they 

raise opt V*ntL * r 	pot+ tLsx. a 00 tz'øs 040av to "12*V. 
Xt the nsttiii potentiel or*ness to a value of -60sV then the 
aotioa pots ti l to generated even there to no input at that 

instant (2]. To , 04 the above talus of the ,eaatins potnttal we 

used a r.istsnoa at 10 obo and a tbeuosensor of 109 ohs to the 

threshold sots circUit, 

as the tesperstare •ohaa.s the rest&ns seabrane  

potential ben .', so the tbreshold value obnngss. o the output 

of the threshold iU not onj depends 0*r the input oscitation 
signal put on tenperature also* At high tasperduis the input 
smi1 of coapar'stiv r lour apliatods,  can .*cite the threshold sate 
and ji*srnto a .#LV4* 2hio output signal of the threshold Sato 

trigger, the p40* generator vi4cb Is a sonostabl, sultivibrstor. 
tb• Use period of the a lti4rstor is I milli second shish is 
equal to the absolute rersotorr perjod, 

Is the pas t sodsi, za 555 to used as aono.etsbZ. 
aultivihrat*r. The external lisiag ospsettar C, Is bold initially 
+A sterg"o UPON application Of $ negative p *s to pin 2, the 
tlipflop is set which r.,sues the short oirouIt across the extorssl 

...i7*P 
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sapao2tor. Now rise erponsntia117 with the time tonstsnt RTCTO  this 

tine constant Nod  is equivalent to the sbsolatg sfra0toa7 period. 

When the voltage across the upsetter equal 2/1 ac the threshold 
sosparator rests the tlipflop wMah in turn disoharse the capacitee 

rsptdly and desired the output to it# low rtata. The circuit 

triggers on a negativs going $*put .igaX, thou the level rsaoh.* 

1/3 Voc. Ones triggered the ataotit will remain to WhWe std eu 
until the got tins i6 elapsed, egos It it is triggered again during 
tie interval, The time that the o put is in big. state Vs .1 

O . Applying negative pisi eisa*zz.cua to reset tersins1 
(pin 4) and trigger tee (P1* 2) during the tang orcta 
dteohsige the ext ern Capacitor % sad c nss the cycle to start 

over again. m. Output pulse is sqsra wave which can be got 

at (Fin 3). 

The output generated by the aonootabls ciultt4brator 
travels down on r.otota*oicapacttanc,  analog of axon. hs. the 
length of azun tracreaces the number of rests tanc+ capac to e 

groups also i ►cr rneee, It is assumed as a long tronsaisston late 
which is w$fortuly ditrtbut.d over entire length. Ko soften takes 
place i* the axon.»saalog it only shove the ,lapse to trans t thi 
signal 14 the axon. 

These output pulses are transmitted  trenesitted to the central nervous 
system for t'urth+ neosssa control processing,, 

the shape of the onto*t pulses are distorted daa to the 
tusnr*,ssian of pulses along the entire Length of the "as analog 

6 



Mbtoh is tho t hmAtI r of ^#4st aee 	pa4ts to#, To over seer 
this dtft 'sultr, the axon to eo noat.d to the d fer ,*tstor utt 
whose, outpat .4øp+r a opos the *rb,r of action pot ctlal tray.Uhtnd 
aioa the sM oat any Uh# shape, of cotton pote*tt4. for this 
purpose an oper&tion4 as$ifiei 10 741 ii used as a +i#ferantistor 
uait, The fit* 40"U0 of the differentiator u#;.t t e de sided 1V 
the r.d.tanrt end capacitance connected to its tu*ts4 and this 
is of the order of $ milli i#oond. With edootind the venue of 
a 0 100 K end U . 0,01 nO t, The output of the  
is a grate, of opIlw 	4.4 

The dUUtentts,tor output is oon.ots4 to en tntsstor 
which tnt htu the train of sp k*x o The &ate$rator oontro s %be 
froq s.' of v4 tag* controlled oscillator (C0), Tb. frequ#W of 
the output pulses of the Integrator dpendsdepends upon the flare oonstnt 
of the #*t*drstor which to dsotdedIr the r4 steno, 0 . 4 capactisaca 
connected to the .operationnZ upliti.r 10 741. The time oonstat 
(no) of the integrator to taken I milli s.00 d br choosing 8.100 K 
aatd 4 0.Q1 ii oro1, During Us tiro coutsat RO It there to any 
spik. arrives tb&n it will not excite the integrator, So output 
Of the integrator to a tin of pulses at square pulse*. ! h.*  
US# of 3otegr*ti . is I sLUt second.. 

The output. of the, i t,eentdr is Connected to $ **lta j• 
controller osci2ltor. 16 this d ctrio sir $ I0.56 to r red 
~uw a Volt*g. aostro3Zed 000111otor, The SE 546 function generator 
to a j*#ra' purpose volt.gs aestrolled osatllato* d stowed for 

«..69.,, 



*. 	1.0 

linear Trequ 	ae4glistiona The control ,t*raias1 (ftn 5) 
in biased rxternsll with 0 ' i . (Ye) in the Wit. of 

where Tog to the total stapply vol iige. The Control voltage To 

La seat bi  the voltage divider tor*e8 with i and 9. T . 

*odt*lstthg signal is then 00 coupled with the capacitor t2. the 
aO4iulattsg signal 044 be directly c#u noted as wall, it the 
sppropdat. do bias voltage to applied to the control terainal. 

The fre4wom is given appro rt+ 	` 
t 

P a 
RI  

44d 	should be 	1 ►s r ge 1 11, 20 Ka A e*iI, caploitor 

'picsUy 0.001 sie ron? should be øoun.ot d br iween Pins 5 t 6 to 

sliSthate possible oscillation IA the oontrol ourr*t source, 

output of Too io connected as an inhibitory input to 
dendrite, through 6 diff.r.nt&sto i.e. a coshinstion SI R►sistan e 
and Capacitance. Tb. 100 outpet tease with thore&*r LA r oltmo ►, 
ao this so%* as ps*t.aooa device against szeeardv* ezoitatton, A# 

the excitation increase hron a certain .v4 the $s$# of the YCa is 
also large, So Output at 100 also tnorsseo pr+portLot4y but *00  
output to +tit 	t.d as inhibitoryinput to d tKUSO it decrease 
the Esc of all WSP :aid IF * JAVOs. sa f+ r high •acoustic* 
the output at the "on to not effected to wry so the stgul 
tpand$$id tø the C is of rsgulartsed nat # The increas, of 

the output #r,i*,noy of TTO ultiastely decreased the excitation 

input of neuron. 

0 ..lo... 
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4,)  

The 4.atrOzio model of n•uon pr090514 bi the author Was 
fsbriost.! and has been t.st.dfbir Its vnriogs ohsrs tsristfes e d 
prc***$*r. It ShOVI all the el#otric .absr&Otertstios of nom. 

#. 	There to a psrtio .sr threshold value for en Input below 
whish there is no actatton (*bore is no otAqut). Al , the threshold 
or ebaw. threshold i *t th. neural systes is excited sad output to 
obs +r v 4 ad cotton potential goaerat ed. Output 4,t tad, response 
for different Valuao of the st$p Input for different  values of 
t,eiaad to .shown in Tah3. 1. 

relue.i3 Threshold vslu 1 V 	Threshold value 4 2" "hr 	old 

Input Output Input Output Input Output 

040 -:SZ 4 Jille 0 NIL 
0.5 16. 0.5 IlL 0.5 III.  

.5 tO 1.5 III. 1.5 IlL 
2.0 to 2.0 YOWL 240 III' 
4.0 10 2.5 to 2.5 NIL 
S*o 10 3.0 to 300 !1b 

d 10 4.0 10 

5.0 10 5.0 10 



us 	7t • O'er' 

2.. 	(il) The different vs1*.. Of the, pp and ZP8P t*puts 
or* sppliid of inp** to the proposed modsl. Th. action pot uatt4 

is generated 044 vh n the OUR of the SP$po m d IPSPS Input* to 
shore thsuabOld lfr . 

y. 	When a pulse of øoa.knt , ;Utud. awe the threshold 
lord and Variable trOque q to applied at the input of th+nst us$ 
tho output di is oburved only for the ti*. which "Usti" 
that conditiOf for absolute r.frsotoq period.Whenn the Sr•gp+ r 
szc.ed. the liar b„ the 'output matt on potential to absent. Zn ~w 
proposed nodal tbo as ►* ute r.frmgtory period to 1 nill$ second 
i.e. equal to the tine constant of the nonastable .tivtbrator. 

The frequent/ tow of neuron model end therefore 00 
sod*% becomes share* This i. "lot to an acts. awn. Tbl..2  

Shows th* frequency response O'Or the absolute refrsctori period 

or I milli ceaoad. 

input P s, PreqUenOy 	 Output Burs► 

0Q present 

100 Present 
450 P?C$IflLt 
200 present 
950 Present 
300 present 
350 Present 

400 ."!~# 

450 Pres e t 
500 Absent 

400 Absent 
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4t) 	The output f"gSemW reap► s,  of the neuron Roder it shoim 
La i"ijurs 4.3 for the reurn1 values of the Input $spat, which to a 
#toady state d,o, Voltage# when, th r are applied just. b.fore the 
sulti.ribratar, It  is within the r o as to the sotusi neuron, 

When the sun of EPSPs and XPS?e inputs are loss than the 

threshold value then thaw. is no action potential gensrstad and when 
the sun to *oro than. thrarhol& level then sotion potential it 

generated. Above threshold level it do" not depend upon the 

sapiituds of the input. 30 it show all or ne lair. A. in the  
sotual neuron i.e. for pub-threshold SLiELUS product s no edoitattes, 

while threshold and be throsbold prodUoss ewo tatton as shown 

in Table  ".l.  

to 'the present work the effect of tespe oturo is also 

considered. A thesensor to +a *A 14 the threshold level gatc. 
As the toup taro tnorus.s threshold lsv'e1 d+ore .see, so the 

threshold gate triggoswl at sWoothr.shold 10101. 

7, 	The asabrone resting potential is usd for threshold 
level, whieh ehazags a. the teap.ratur. ohaages# As ter eratn=e 
mares.. resting seabran. potential ingreases so the threshold 
level de #asses, 

l Q wO.vQslnc Qs  Cti cftQ Qn 	 V\O.Q 

0. 'Q. $ kc \ \ 	:is 4 4 

4. 



4eo 

3cv 

2-0 0  

2 	3 	4 	5 
INPUT VOLTA t TE 

R! Q 4.3 QIJTPOT FREQUENCY V/i INPUT VOLTAGE 



FJ 4-.4--IAVESHAPES AT ?PFERE NT 
TEM)N'1LS OFJ!'JEURON NIODEL 



4.S 'fig *. 

The sOdel propdead by the autbds shots. a1X the e1eotrics1, 

properties, of a► tatu+r Aeu *. The •zp.risentel results observed 

are 	lir to the esu,ts wio1 	v, be u ehsery by t *a ' 
bio~►sjueeri &a Oi ntSt tit past. 

M .t U$ $ 
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The + "+nation 4e61s with an esetronic model of neuron 
processes and its feed bacIoop tbrQWeh Rene' .w O U, It sisuintes 
the truueeian of into tion in the dead tear oe4l body,, axon 

R11loolc# axan w4 LnI4bttor toed back through Rozish►x 0.11. Uenehaw 

Cell ems as prat oti , 4i ioe ageinet exoessj't a o 4%ration sad 

$EIEr$tlon of aot .oa pot nti! • The ezistia,s *44a * are reviewed 
An the present ,Ork. 

The todel deao$'D.,d in this, disrertion includes most of 

the elestrioal chaz t,r4.sties of neuron. The effect of the 
tesperaturs on the resting ree'bz a potential which nuts a►s the 
threshold of the proposed neu 4a sod. , is also ti 	irate &comet, 
'the wetter an4 tntgrstton of U' s and IP8Ps inpu4s,r tnt at*ofl 

phenomenon in cell body membrane, threshold and s*zb-tbrsrbol4 

phsno non, i,fratbrr periods inhibitory input from Reastew cell 
Oo* can be eaa:ly studied by the bi eng  heere and neoe p molo"sta 
for .zplain ,rag the nuzn proec3aes. The model to compact, relieble 
and in orieaor and •ovoral such models can be intei»onne ed to 
stub the behaviour of inter neurone, Qer'e as, «ree and other 
complex processes. It also proses to be s road 44 to disgttostio 
and prosthetic' purposes. It it becos.. possible to construct a 
very cull *3ero..struciure model Oan it *$$ be helpful. III treatuoAt 
of some paralysis, oases# where a sash **Mott Arc *topped worms, 

..75... 
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r ropleaMS it with *rttflotal bLLt VAOro+nt to 'e aodel of 

T14a mo4n .bse the sdvant.ae that it to V07 t. ,baba in 

Its prinpaL of oporatta td studies *an be carried out on th 

pro sri.ir of tf ant kinds at nerVe cells bg the simple precise 

or eh.njing serer.. paresetexe of the circ4t. Integrated ciroult 

+dips bay. been used in the pr.ssot d.] so es to min ,true , 

the set up*  

The above mod •l could be perfected by inciudin ,rndUal1 

disco Bred pbystototc4 aspects of the O al structure, 
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