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Interest In the cUnical syplUattcn of IS 	I 

.ti 1 +  of rv.s,, 'both pari**sraUy 	centrally  s 

gin rapidly, %%M 	of patiatta orr now being treated  

for comic pain using both 	ertLeisl and ii31antsd etactree  
Glenn hays develOped an lectrophr.niotor ihLch 

has been ilwMd In near*y 100 pattsn w4th b*deqi*ta or  
no reap  tory Mtc► , Waters have reported on a series 
of smoke viatia. in s 	aralyzed $150111 of the leg irs 
activated electrically during a 	tion 	Wales. 
E~ 

 
mantel  workis under way to flopopnsurost.ctrja pXOse 

ase► for the deaf and blind, As these clinical efforts 

ieiltiply, It bieoees i,iirattvs that a model of nerve sue  
c*t be available provide an analyticalfOWId*tLOI* a* # 

study of signal propagation and nerve xcitaticn, 

over the am" of the last tea dentrij" neny Dhyaicei  
syst have bean linicad to names and Mw uistheeetic.1 models  
propoeed as representingnot" hsr.ot.ri.tics. 

Zn almost 611 the papers only stems state conditions  
wars aonat4sr.dj i.e. threshold IS determined onl.y fore pulse 
Of inftntts duriti0nbixeshO14 for finite Mien pulses most 

strength duration curve, Two excellent pts were presented  
by lIgren and Donard to analyse a model for the electrical  
p 	rttes of 0 iu'elinatsd nsrvs fiber that allow. the eoii.► 
talion of strength  ation cum for arbitrary electrode 
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confizir.tt. Zn .4dttIcn, the tims vaty 	*vtus 
ms 	curie t ez3 I ry potstttsi et each of t 
of *snvter us tsniineb. tzui the nrds1 for s tIwHhold 
stisuli and tai' aupra threshold s#izht i 0► the ties of ►nt 

at. ez of the sett Vi a]. In thess pspr he srsuiced 
a nstsnt b ne canductanes for sub threshold Off $* 

presented for the *thdy of r xsne 4.ntisl at U'fu*nt 
nods of Ranvi.r e6sr sub thrashold sti*ali b eonstd.r 
4 r V4 .l.c 	placed dixeatly over and I away two 
one ofthe øodss, Hsxs it kill be w►idered that Sane 
conductance 6 co,1x 	Cf e1tsQ. and ties *sr 
subthreshld sticesius condtti. Rast 	►tt 	axe the 

The d.tas.rtatian is consisting of fl+ s ptora. 
tint pr lays stress en the ds1o*esnt and .pUeattan  
of the' £1.14 of neural modeling in nsuxo3ogy and *1.5 gives 
the 	anLssticn of the present dissertatian. St*ucr*1 
aspects of the ne*xon sz 	rsed in uric d*pt*F* Thtzd 

.*per presents "vim of ns*ral X11" oanstdarthq march 
worX in 	 eld. a IM a.i*r*l theory aM Wilts 

and a 	t the sotuttes of differential Ott *fir* 
in f+ rth d sptsr 	fifth +* Irl* gives  00"Im riff► and dtsc.w 
satan 



y~eally 	of zee or nerve c*12s, 

It is en slsmntsry unit that Visit the thf*ui*ttim in 
en •1eotriesl term from nszeus lystem to etherpa 

bedy end ria rrss. ' i si may be srranç.4 in 4 sis1. net 

or in hex arrays. 'ire an sama t0 0̀ neurons in ter 
central n rms system consietinç of the bran " spindeird. 
The atomical cuttar part of thi lMsZis.d MUM is thus. 

►tad in rig, (2.1). classical sues• with the UØit micro. 
sue *fit that the t* 	divisible into a small proemss 
demote, the Coll body or some. a 1** psi axon end the 

region. 

ThasaMs of fibers era typically rouçe6 together to 
form near, A bmdte of nerves is called a trunk, The sOM 
trunk *ras affect ttrnard the min) fibers f 
recipters MA .f 	( 	from the brain firs 	*sclu). 
The neuron, in co 	with other cell. isarromnded a os 
l x plum 	*ne ve thinsss is astSaitsd 

50 and MS S. sin. scte in, 	.11 cc non faa$ien. the 
nmaybersptbyenrnm4sterssinti , (2.2). "0 

err end +*ter tasse are ehind the hollow OU is filled  
with r► +err cønduetin "us ( t ► ,emm) end temersed in anter 
tinter cellular fluid). Whoa the amom in itiemlated the Iwo 
tam potential d ang s (aotieø on pikepot4. tVats io ths 
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now" 	oosr at ay paints ce its urf , The aejod# 
of the qtr hover .nior thrb the dsMritss btth can  
stat of nq1e to mW tsched a otn" xsminç  

Call boç* At their tsrWnal WAS ends the dnq of !edrttic  

trees Urfa With xt.n*tens fro. other u*ns or serary 

cells, The spadehtaad at s *aIls synapses, seen at 
the r*tt bmsn # 	an of prime lite fr 
they centain the mechanism for infermeUat flow free ses cell 
to another, The tntmgutivs press takes pisen either in 
the write st1cture or in the iie 	21 the algebraic mum 
of Input .ttat&ci* e*asde a th I hold Wil, the cell fibres 
generating a signal M+ is actively rai*atttted dm the 
2n . of the oxm to the terminal .qLts. 

As noted thze is a + iftrable yr s in the *Sao 
of nerve cells, it is djfficult t istinetelth of den  
drit heweveL, they pxøbably reaCh a n*4ow of 2 me in the 
outer lar 	cereal cortex A*Cfl lend varies from a 

In th. order of 50 microns a aeximee of several meters 
in is mss , Zn rt.brstss large swuiory eM entor fibers 

ha,, dimers of 20 25 eteZon. Ans with diesetsr 

lass than 0,3 micron are fouM In dory gar.gli . in the 

sXutd there are. *t 20 giant nor" fibers with disisters  

ranging u 1 me, The last io of these fibers ci mere  
than 20 ma tom, 

Vattaus types ---UM are depLeted in ?tq. (2.3). 
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S the CXOSM section of figs (2.4) *2 r* a ty$W4 

nerve trunk ine3ud.s 4 wide rings of e sties. The lit 

fibers an Etna dl that Xe. there elation I. a relativey  
thick lar of 6 fatty fume merlin. The wallsc 
mated!fin also Diet at fatty ltcul. it these ire not 

rible in ftire because they ss only lOOM 	w 

r1 nerve am Me f fitly been said to be on.1.gous 
to a leaky sub onrine ca*. or oor. cndu!torwhere the xtarnal  
ream resistance per "at tength to law's +o the . internal ersis" 
tanee per unit length is *de, t r end near the sa o drr of 
nanttuas the rssttng mumbrane resistance of a unit length 
ofmnpropagatton of an £ase 	 , of en 
appears to be described rather well by the differentialfie+ 
tion relating longitudinal eM tra a rr.. cwt The sps 
of jg*►  propagation eheuld Increasewith areas s**t 
disretar beer the internal "Ilonginidinal resistance is in erm 
#41 pxep4ionsl to the square of the 4ttar while the .w» 
brine ietanes is tiweresty proertional to the diameter, 
This is observed 	 stally, 

"a am We large classes otwrve Etbsxss 

2.1.1 UiiUaetod fiberes 

it resembles a tube that is filled with a wed solv►. 
tion wetly Of potsssiv tens ) aM relatively large erga. 
ate ne al iVe inns, The fiber is ru aended Idj the interstitial 
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AWA of the body  
int.rne3 end external concentration MM but the sees.. 
The diameter  of the fid ranges .beWeen .Wee 0.3 and i. iµ. 1* 
coi*etioe speed for ! ►moi More is 1.73 x 10 disasters per 
sccnd indicating speeds bstrnen 0.5 md 2.3 Wow# 

Because of randee thomal mvamsnta and di 
bebieen inial and external concentrations that are in 
taiiisd by metria *etivi. The imide of the fiber at 
not displays a potential of v * 4*70 mr with compact to the 
outs. This corresponds to en electricfield within the 
mane of '70 "/1001 ' + 'O000 volt/ca, by way of ct ed"► 
•tom► the dielectric strength of inrlattng oil is about 3.00000 
volt . xt thrn out that the fiber signal is 0 spike that 
is canied by braekdoirn of the 	rsne this breskdim in  
factfeat ren.rstathe signal, "a Mot operates  with a 
stirs of about 40 mor, when the insiC at 	 Ant am ants 
poeLtie then this value the brsem is $riggexsd. The  eirna-

brsne bis permeable' aodizs too for sons 2 a seca as the 
ism mer the flsr, the Voles inctses.s to sppro ►met ly 
+30 my # After the 2 0 sea jy)ter?a1 there is to motion l 

refractory interval during Bch tn esubrans becomes 

a relatively good it u tar ate, l 	* the ati 
is 4 a acct aic, The nsdiva possible frsqusn► Is 250 Raw 
Th esoess sacLtm ions that iea)ad in are slowly and nets or 

tees c ti*z aly pnpa1 out with energy acrd by the 
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tesla aetivjty. Th5 41110 err ,rig voltas rn be 
t.Ørdsd as a d.c. ccent that is *1 41 Im b * Sd en the  
100 ii pe*k spike knrn as mew potmøttsl that malty 
c 	*stss the an 	 *1. 

2,1, 2 pll,is3th*ted fibersi 

xts r wt iolrien spøed nptO 320 af 	is considerably 
graster then that of the unUnet t *n*  On the other 
hand, the relatively 	 am of ayslth presents a spi 
prob1a only  one third of the fibers In meiivhian nor" tmank 
those involved  4 iii uusc4er raspe, The ayeUn sheath 
is pwiodicelly interrupted tv the nctdea of Rftvur (fig,*,S) s 
in which the am* sectton is sect 	 eubetnt&aZly that of an iustt 
neted fiber, It is at h► nod** that the action potsntid is 

.ner.tad in the mat way by an Lsysxd diffusion of sOdi 
ions bebsan mis nods and the nezt the Aber bob~ Wis a 
passive RC a eb %* if a bc i spm originate at a particular 
taw it will wear at tbe nsxt node with increased width and 
reduced hstt, rhe hsl4at 11) norsl1y sf al.nt to 'rco 
easily the 	rte *Ltresnt of 20 mu pealc so that 
ran. tton takes ply, xi1*r .xte9ml diasetar (A.) range 
between I and 22,u Zn nit to tr v = rU t t tin aiNr 
in whid the INmbrans thickness x%esLnN corn tant at 100A the 
ystth thickness is .pp&v*i*etely preportionab to fiber  d . — 4  

LarOs carve Libere ax. israsterised by the Last that 
they eve rMed by 4 arelin sheath of manly tipata eatenisi 
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as Own in FL90 (2.4) • The iyelin asth Sn t*zn is 
by a al 1 t type of call esUed the serer call. Accer *► 
din to prccmnt csita, the ylth sheer ectiafly con ate 
of esi layers sdwwn cell *ru* IMch wets left behind 
*1 the l body rotatedarM the e*n zrieg gam. The 
nadsi zic,t is drsaractarised by its for electrical resistance. 
This may impartsIt 1 't n constratati on con&acUcn  
linetad am, 

The plasm. 	rsrmMR 	* nauron can be im.stii• 

* 	 of ~l w  

x 	 w.' 	ILL1 	,.r 

tends to alter he 	of propagation in this type of Via, 
The shawl ivhiUha' be 	lls of a eons rebl,. number of 

t turns of i2OhI0 thi" E Isetha. has is electrical  
tivity and f' ons m.th so insulsWesterisi an a m.taUic 

wire* The nod. of wS*r $a cboad only by 5C)wasrn call 
cytoptac and IbSo a fUnctional mint of vi.w the eason plum. 
mesbr In.:rte bar. at the fie. Activation in i* nct.d ona# 
therefore err at 6 nods; regien and produces  a iccal circuit 
earsint which cam►1e s 	closet loop via edj scant bra. AS 
current f11w I* eta it*d prisarily ti nodal 41"oso currant 
dinsity is t tstt e ' high these sir 	bed ai, T ' 
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this reason attYation ju* ftn nods th flO#, end this 
phsn*unc t is celled ssltstozy cond 	on, 

MennsetiVS tii e systas b"" individual pSrt 

phsral Met" fibers into it nerve trunk. Xndivid.l ns Am 

cavired by alt connective 'ice tubs callad the efldOs*u mo 
Dlr of nerve Move are bsnd together by a 	asp.. 
stile,  t' a perm which has 4tsrnetiny ► Of ' n ice► 

trunk is s*vsløpd by a sy1tei of loose cneottw t dc# the 
eptheuriuis, The sheer air to act a a diffsiQn baker 
be$*en the fibers 	 nem trunk and the extra asllzlar 
fluid sir, 

The indiVidual e*ns which se)* up the nerve  
VW in tsriis of 	 r„ tth ieath thidcnie* end other 
electrical +tea properties. There eta four separable elassee of 
#moitpss amrn 4i As  0, ac, end dra, Dype A fibers are srys.. 

what err and era xre manly *s)4nsted, me a fibers 
are sashl 	not sunit.a SIM* the ns*ve trunk csista 
of is collection of e*ndiEfaring in both size and t 
therefor. with different conduction v.104 ties, +mo i 
proceeds dispersively, As a reult4  the s 	of an action  
potential initiat, at ens end rias asa 
distance 
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2,2  

Syncs are the "too of inforrnstttransfer from 

1on sø1 	of n 	4e&.p. central concerns, With 
dmi 	knG6oaØ absut synaptic  

gassed ray. T ► synapse may he defined as a "tone» 
tion. of structures inc1udth en en terminal 	its cntentm, 

the Lately adjacent dendtitiC (or *sac2a) mei . 	aid 

the nam spar separating e*on terminal from dendrites, the 

synaptic Cleft. T stmn terminal 	rena sdjscetfl th the 
synaptic aloft is calms the pro synaptic  ami WA Its 
d*n6  , 1 cr$rntsrp Is o as the past synaptic brsne. 

to electron rdcrogrsphs a synspeC to a*c ria*d by certain 

*pcilis*tins end pact ally by numerous cigar or 
ellipsoidal profiles in the *øn terminal adjacent to the .per* 
synaptic mran., the synaptic sic , The tastures of 

sync etruCtare are illustrated in Via* (2,?). 

when a nerve £4as 	at an 	termth*1 it 

sets into meticst a sequence of avanto that eventually Zama to 
diaxactaris c vottes tiuctistion in 	 pOstr synaptic  cell. 

Attar a delay terminal depo'tari ►+ pre 	release of 
a moria. diest (tort transmitter mtthatsnse, or rte► 
twitter) £ the azen tomths1meren. edjamsnt to the 
synaptic cleft. The trNntttsr diffuses rapidly across the 

narrow 200 to 500A' ap and Inter With the post mitis 
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This Lntsradtien moults In a 	vex 	 .0 
lily Of the p st synaptie ms's" to certain t"$ WA the 

ryw it ef these ions ram their conoentration and l 
0:mss the lluctusticnthe pnst ntic 041 

voles tired the poet haptic potential (ce). T r t r 
is 	ta*eitaly destroyed a ptdly or Slowly  dpcedtng upon 
the synapse vuder consideration, so that its &ration of action 
Is natively def from Use than a tUis.cond to pozbw 
severalhundred millisecond.1 This 'igsaco. of vnt is il2*. 
strated in rigs (2,B).  

2#3  91 tr7e3 ,p 

h, gradients  trema the axolssr and external asdi 
are the rroy sonress for 	to eou. dissipative proces 

occurtngduri the action potential, D+t g * nerve it*+ •  
sou* tons flow into the axoplasie and pot*ssiueAm* fZ#  

out, Both of ths" processes tend to discharge or rs&ioe the 

potential of the respective batteries r.4cing the sodium  

end pe sl ice gradients .mss the searane, gt*b le 

elena with nonøspejfic leakage 	 restored  by u#i s ng 

next/ free entahettan to transport or pia #*M' t ions +Ippntt 

of the e*a4sse SM tsh ossium to" fro* the so* Water 
beak thto the : ;hem, ba - a of wwM let per action 

petsnttol is very l*r beern*e only $ 1 +t` pii*mlas 1 Sodium  
and potassium ions save s* the I ondw ne with *s is. #00 
ra Is $ swam misconception that t far tranepert sys 	► 
or rea 	proc. is identical to or related to this Smie. 

tatter Hein and Keynes shaved that although e*y were ahs 
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to stop the pia bymans of rnstab1tc poison, electrical 
acttiiIW persisted e tsr parrs of action potentials  
end be susTstd for hours with only a smelt dietnutton in 
bei 

The meirane capacitance of the squid a*t has b 

measured esegt~ 	y an t w d to be in the oxdsr of 1 +SOW 
Of fix* ares. This rel r sbly hish value sçpsars to 
arias Iron the trsrnu. thinness (7$A) of the err and 

f** the reasonably large dielectric constant of the phosphou' 
lipid +d trrxial of which the membrane is coi.asdo Artificial 
3r n. ee for *ni**I UUp#d 	usually exhibit 
eiyrs of the sou bier of ► 	per unit ares. With 

a stea8y potential of .,7O err across the ucmbs*, a voltage 

gradient In the order of 100 ittlevolts per on fist. 'marl» 
seutsily It has been IM thst this potential can be increased  
by AiU*"t 50 percent before an *ppsrent btss&dows take place, 
It is also interesting to note that the erns may recover 

ooletsly efter incipient breek4cen tasting only a two stilt. 
seconds,t'l r it has been find that the capacitance 

is constant to within af*v psxcnt whetherthe not" is in" 

active erpassing std e*rrents "*Wr various Mare condi- 
tip. 2% has the iiortsnt properties of 	fsting the rate  
of also and teal of an amen pot.nttal in 6 "a"m 	o 

and sose (volt body) region., 
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The a bra t ooMtaness 	 are Wbi Ase the 	 r Up to 
the ideretanding of 	yo2 of .*aitstton end 
Wjtht tt tdw distuzrbsns, ON abr*" potence vt 
residebsan the ).*akss and '%*Usai1 1 *quit rito ,' 1. 

hale and min q! iant tlwm baa the zes" Yslue of 
the potait WA i.ekegs eonductases for this potential an 
coesiderebly hi9her "" the but amu " anear4 H.ssr  
the filet is eousd to the neitb&rhoo6 of 1D to 4031 atlW. 

th*t the + 	►'! ► 	l ecirOas the me*is 
dontnsted by the sodium eqntlibrir r► potentia. end battary end 
the 	 'fie interior ry redly 	it 

it of s SO !'o The hi. 	of R 	 i** 	w 
to not *eint*lr . and ' may,  rav*irts to its original levsl. 

deli gyrase, The net ffoct of these tno hens is  to 
bring the arsne potential bask to near the psi - qt4'. 
ltbd sl* wig about3 as (for a 	rstu 6,3'C), 
Than as the tas 	t*3t4*. gr*aUy decauZ. The 

sns potential steles back down to the original umper 
urbe t 	Wim anter 5 to to two 

my ung the X4  WA $* ccnd ts* s as a *tines 
fimottone of ties and 	 voltage, t1oddn and 'W 
wxa able to describe with geod accur.cy the .*onsl currant 
voles relationship i1141. Hein WA Huxley speci&teslly 
std that their qu*t, ► war. only intended to be an aricsl 
description of the tonic cut., The spm n4ucteaOs will 
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be described with the e1ar4e*d Hodkth 0 fey fer*$$as. 

a " 	a3  • + 	s noraslisetion f.*tor. * +ter 
h are taeticns of rani voltage aM of time which 
bs ►.e» 0 end to siM1*r1p pot*ssLu conduothnca will be 

K 	nQt"d[abtn £fir, a 0 tm ticn of 
bts vole end of ttae.Whir leakage ct c. is 

rnt of mmbrare voltage WW 	r It Viid 	the ipa*: 
retura va3iaton, ' 	t he* a 	e1fact on the 	t 

of Zino of ac4tun onJ*ctaaosat a t2ativsy eraiZl effect  

Its mxøaaa r0 



A rodat Is aamthinq sir ► . d ys ssisntist t 
help himr rst%6 ststhing cUca dw A 	Z can 4w 
slat of sthsistiea* *qm . t an laainszy 1 u*.*r stet* 
obeying the tail Of pIsica or a ma iim 4tLCh is fir. 't1 ►y 
diff twit f%es the eriin.t pl*nopwnon but iihieb d*Msa its 
sass. All the types of 	l$ aze of use in nssr.us  
physto. 

Nest MD41I that have a tm irtng the toot he" 

*M*W or so have taken the form of thesiod *"~# #3,.o. 

tronic circui.ts, thstics rr 	ett 	iter *L da. 
tic**, 

Csidsrab1s sysnt*qs**n6 sores s 	nQs on 

	

nsrsl2y little diffioilt in selecting 	srrtate 
technique, ince mathaesttcat, s1sctr4c WA +l 	r 
istion +a c!`ise the aajority Of omy analogs. 

lieal *6510 h gnat utility in limit d 
TIy are iswaluable in cues hers the rnmi 	'tea 

bias La reasonably limited aM nonlinasrittais 40 not presnt 
.ere analytical rtfflcilttis. An itst*nding application  
fa id in the analyses at 	 ► 	Vi a ►, Zn nartain 
speLsl ass.., er r, mathematical ale of t* Work behavior  
are + txeiasty well qualified.  This is particularly true for 
statta tied tr.atmat Of large aassilss end for the analysis 
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.f t.rs se . .t.etrie.1 setivity uch st waveI rUttor  

rn4 vaep"M n. 1setru%te T1s can sir * 	itt 

variable a ntnasr opera' :cn* seourataly a anmaiesUy. 
ProPidina real tths signals that may be ebe.r vhils s,a 
mental' ons an rnw%t*slstM, they vomit 's rspi + 
ioffb 'okiM of eerver madel interaction net ell' sdtte 
by other tr uer. door is considerable adv.ntato fact 
obssztton of ivaveforms, ph*" ]. gip, modulations  
tios 4spet interaction ale stt4i and model  
are changed.. nch edvantage is x t effective for the modeling 
of one or a fiqv tnt r connected its, Por targe neteorks 
htsver, both observation MA manipulation of p*r*tor and 

core becoma very di ifi t, 

, log Vis' have Oftw*4gsa similar to those of 
electronic medals, 'bet tend to be 4, MA + aSreo, 
have the advantage aver nathan ticel models thOt they do not 
tend to csssl over aisçlitication, The gig speed and 
storage eepbifltisa of digit *saters waw West pars 
for iledbls, realistic ,eiinq. The special probimes that 
tea, With large nteork siisilation are more felly handled 
by digit station than by *fit tedu4quea. Zt as 

likely that high speed dig. 	 1 4 	ly prorn 

vide one of the most satisfactory 	 for modeitlig o4ex  

negrel $ys. 

M sticnsl pCi advantage Of rasp ur sib*' an 

is that thS models can be 	to work faster than their .per 

typeS and many mere 	tents can be Ms Tinally, me 
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asset of digit si.ss1*ticr Li that the Wr 
disoget. .yols ptmitsdeft a t*o2 and cbasrvatiMl  
of assigned variables, 

The 	isritetion of the ri4 pstlwsys of a nsuros 
*iseu . r row in a digit sue, ► an necessitates 6 gi10 

asthsssttesl description of neural function which can be LiuJ 
economically tear of cosut.r tlies and a 

r' 	 int. Ingo (So) shva 0 na*o.ynaptic pathways thzonØ 
* single neuron which is regsrdi: M! 0 processor of ,lecWieel  
sites s Xt represent the path of ion sites from en 
axon ch has only coo synapse with the neuron represented  
and it uss no other native $ *pSei. The usuai chmWc4 

trenemission p.ncrnerscn r in sni 	pests their aprais 

Sentation as atIf ing bl0 , 

The sartiast sadel, of nervous syitses arose from 

considerations of risuro Misculer .tom that o 

activate 	 was knin as long 60 	Pic 
period, bit only in the post hundred Yom has mm begun to 
resolve bo stariss inherent in this knaa►lei huw doss 
nerve conduct, 	 +r 	acle c+ ► act? tar neny can* 
ft"" thrs* tea question were dealt v4th 6*: one, so that *A 
early nerve e1 was wally one N.g 	ncr.nescl. 
mac. 

At least from the tine Of the praqel+nfc physician.. 
ruffs r, netti well air the time of Olin► Li the 

asmtssn I esntry, the contraction of sir was thoUttto 
be a alt of swellinq increase e #n tel. *lune. The 
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qty viewed picir* was that of a lam* Laflatibi. tebs 

and caz  closer 	*r U the tebe was pç.d t. 
The peel ulated ro.e of nerve was to th3os this~O 
The theory ofr 	i- 	thors 	held that 0 

or gas fiOved 'ham pipeilke nerve. to inflate the 
a + 	pt that probably culathated with D.scarem.'s 

theories in the seventeenth *spry, 

+l am 	sr.d the no~ of sidesis with the 

water pipes in thit hydren is asduir*s aantosata of his 

	

This .cunadson we. not singy m 	ricals Desser 

considered d ire netines to be good sodel. of cunmum in 

nerve, in fact he used °tae esddnse th 6StW**ttate the plan- 
dbiiity of his 	 and 

tea+ to 	itthese thi tea0 W the 	byVW are eees of 
the earliest discwSs one of involuntary reficrna and recipro- 

cal innervation of **sct., coOrdia 	nee carts. thst 
,pits passed !rnei the 	brain through the hollow nerves 
to the *2 *01.5 causing contraction or teis*stton depth 
on their + 	t. The flow of animal ap,$ts in a Mrs wait 
controlled by valves lacetad at esii junctian, The valve. 
were either under the tib ewAmol of the pLiesgiend or 
indirectly nts*llsd by It through flow and pressure dtff.. 
row in differ nem, 	the Moe** wars flUid with 
animal spirits they filled its thi middle i the ande 
ectedg when 	rely, 
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Thr mduuAstie Views of Deec '' ai s '!tft  
s*vsnteth aentuxy *cinttst. 1 reeg thee. 	 aerelU* *&* 
V 	a nu**r of madmi l i6sis of 	at of vhi 't 

were b.se on the r *chsdren. if the s6gs1 of a tha**dlrcn 
are f'uIn 3.ngth rh +ten s bsbmen eçpoits vertiose will 
4 euse over a eonsi r*b 	of **cxraeiwg vrl r, H. 

uad 	 analogy to ehcv the c.n*is t' b.bveen se .lin +fit 
eontsaC 	+ s i r the tarsusnecessary tar ssasc3a 
centreetion undr 1 

In the 'loot half of the sevienteeth century at lssat 
three phyatologia 	risecn Lier *i z w.aus 	inepeed.lt 

nuecle 	4 not increase zrinq 	r 
tics inepite of these Wilts the so ale ODaloen theory* 
persisted Into tejØttsenth century. Hal or In the etttseeth 
century proposed that *sscl* was no Jar considered daily * 
psi 	w tin 	inflate or swollen by sees moon 
of nem flu x It vs. n #1 gbt to contain all the co 
pevients necessary for contraction. needing only * atleelna to 
set it off. Ha ter hi*s.lf prepnssd several l terms pe.sii 
bilitiss ab*t sti*dus ' 'its . ths* a . r"o1*e 01 

these was in the z* of en endoQy 	mt9ht call It 	era* 
quart 	i of nerve. 8pees nerve were censtrwited ci 0 leeg  
am of spheres * eaCh in esutset with bath of it net 'ms`s, 
If 	vrar*to r the first sphete sharply, the 1.t one old 
fly off amt i*stentw ly aM would rtIusl*tr. the seeds 
including 1t iMMlt. 
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$swtan pastuaa 	that nerves were solid bit trensIYr 
patent S. that **cttsticn vs. propagated optiad vibrations  

threugi the.1 exactly as he supposed light was propagated in 
the ether, to this as in seat 	r r*, Rim's influence was 
very st1rr 	arise pest*lstes dcsi.thstedearly eighteenth 
century concepts of nerv** tr nosmien. Civendish 'belt an 
aleotrJc modelof the ray a d with that sedsl he woo *bk to 
canvienes a previously skeptical scientific einfty that the 
shock of the ray caid indeed csnad by electricity. 

9sb*en Z4 	$0 du Bol.af 	t*ua 
pair of vary sensitive galvanometers with *i*r he was able to 
measure electric currents soc ' . 4th both nerve SM Acle 
activity. Heperfo d 	not only with 1vtng nerve  
WA ode but also with old ► kcal analogs 09 both. 

In l83 rx*Itafl 	with a cure st 2 a .lam 
s n*il*tsd at one WA WMM repetitive rrant alsies*  No 
foued elactrotonic current, that sometimes attained  
me*ii valu, only otter the polerisi 	t was off. As 
in nerve there Were teo suoosssiv.1 unequal phases of currant, 
the first being to the son direction as the polsristhq czar 
the s " i oppOsite. He sttriI*tsd. the eeeond phis. to rsc0 
Very fP01sd**tiCø, Zn a4dL k to metwuoc, Humurn WA 

flera tme. a nusr of pbysLologLeti  were  e4oytng  cure 	* 
to MA In thsiz understanding of the properties of nerve. Scam 
of the si ilast of these models were 6rdsed by Hering, He 
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•ii1y fUlsd h11ov grass *ta or the o9 etcs of crey 
fish a t ass with selinseoletion. These ,a2a ethitad  
.1eetsie spread 	t without the cantral ts11Lo csnzetor 
aM Its qr.s*ive polariastico. 

s....n too WA i9 *o. !r+ r, the aáwans *wM 

pot*rity Of can 	 began to wane K.rntsitsrwr , 
vaappUceb1e to electronic firad, bit the newly tula 

i*thenisne of SCUM ptsntis1 propagation  
rxciting. Ons of the .1anattmi was ►r t' a ionic 

thesis, 1øeg with it cm a 	elect ate 	the 
It" wire sedelw 

ZiUta's first *nticn of the eMlogy between neural 
propagation aM the spread. 	over psas 
{+media ) tam appsere in 1164 If iron win is £mesteed  
in concentrated trtc acid. its surface ISoxi se4eMb 

ms insensitive 	ther 4th when th wire is trenafarre  
to dilute nitric acid, If part of the 	 artificiafly  
acttated the activatjo epr# r, !4lZie shaved that In these  
and *B,T other ways the Is wire 	 lik. the nerve 
fir. 

Siehop aM sonhósf tar and hiM cOt1ea7iie* wax, raspon.~ 

sib 	rne* new .xperints WA 1y frank iwdSU.d 

saltatory ► 	nduction Yensgiws aging to sodet synaptic 
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seuvityo e*iin.d JA t*Nketi w esng !d nttguous iron `its 
*ac651$. ftrth.T diversity f i 	vvata l►c4 

`Tasaki *36 flaik 4M In the tolexaUen  
o.CLitattpan stater of I IU!u. oar etectrocbseicsl 

s 	have pre466 Sn#ge sietler te the iron nim acid 
 th rz u r. 1 zsen per+ *dal end th. +e It iremie 

acid esdail are rspreaeuUv** IU•ctto..CbIMdcat iumdels represent 
enly one of y clasp of neural 	s to Gress sines # a 
Ums of de aoi. *eynd** . Kill end "'.rte used COVUcst.d !d* 
BSc tri to illustrate thair i4.as s1 ut a Ationo 
authors sath U: tu$hthn, ' rits. Kodokin and Ike' sod Grwidfait 

+Md► ,ri circuit 	00* for this ; 2 w"wo 

Other *odela wars aNd for + 	tarp Or predicting  
ccns*iisnosi of spec± tic theories l es of ett*ticn or 	 tion. 
suth.rlsnd for s1a•  p es'd s 	sCQpic .dd to art 

. theory  that s.rcess 00 	was r to torsional votsm 
ttens travelling along $ ft bar. Tebre and its net c 
aleck somas in the late *30's to e4ors theories of  
e*oitattcn. Thea. neuron dds probably were the first to 
he 	 with electronic circuits end. tbay devicnatrsts4 a 
kind of flesibility atd starliet t' in *3dsl making. 

During the 1*309  0 another typ.  of neral rsdel spearsd. 
the ss 1 	""1* 'fir earliest of thasS proposed by t 
vsky was based an its ►'Sitlen that pzocsesee of sxcttstian 
in nerve .St14 be dseeieib d e.t.tm1y by 	ties f.ctors, The 
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+gid tie, sww= axe time c * st * in i *Xdio , ►# flrst!► 
ordsr1  linear dtl ►rttsl equations. Th dependent Vie. 

+s *# the .qu*t4ens. either are aersns potsnttal and  

fir tsr .sd vuiabl* relate tea raw of dtencjs to its 
displeaceent free tsflw 	► tier fir Vii► 
were all solar. 

in addition to a*thss*tiett nedels of **ettation there 
a *r8 several th.nettc*l mels Of 	tten, Zn this 
ease they were based on liter f aren 	equations Ras)*,ski  
and *usher both primed  such cls, 

1543 McCul1oth MA Pith published a revolutisnery 
corbcapt in net amatical neural mode jag visiting 	all or z. 
Dior of neurons as a first oar iiiortan., they prepss.d 
to treat Viral ayat.ne with discrete rather than tiis*s 
*sthetics, NCu1Zod* enS vices applied flan algebras end 
set thasry rater than dt xsnti equations. They were AM* 
to prove that the bahalpior  of all networics of nerve like three 
shad als is can treatedIj the pzopositianel esiculue, 
MA that given 	 i C*I .gesstcn 4 not of such elements  
having corresponding zncti+ can be fow. 

Viral direetiena. Minsky used the Kf . 	► Pitt. model 
to s*ssi1►1 -,' • 	i*9I when IIras M w C1 a ah * Pitt. had been 
thtlr,sead in dstrmthiattesliy' ocsvt nets, Minsky s . . 
mad the pseps*te of nd .i nets.  
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A n v kind of astt#cai rs1 aDpesr.d  in 1952 
prvidLnq analysis rather then mares. description of excitation on 
In ►z . dim and Huxley he inq ina.rtmd small silver 
.lectred.s maids the giant a*n of squid. made detailed mae'► 
sursesats of voltage and thw depsndsneies of currants ams 
t3* .iinn amabrane. They  consolidated 	 formalised  
data Into a set of four *tz*zltan.ons differential quattcns 
describingthe )pothettcat time +mer of meets during spike  
generation end propagation. 	a #;kstern proposed by Hodgkin óM 
*lyxtey to basically one of dynmeic oppoaiticn of ionic fluxes  
acmes the axon nbrm*. The rierrsns itself forxe the boun 
dery between two liquid Phases. 	the intracellular  
the extra-cellular fluid as shvn to rig,# (,2), T intra 
cellular fluid is ch in pots*eWsions and i► le oa anic 
anions while the extra e tu2ar fluid contains on abundance of 
serum ions end chl 	ice. mor squilibriu conditions 
the inside aproximstety 70 *tr negative with respect to the  

Avast, the 	ne is slimy 	sbte to thS 
potassium. sodium 	 +fid, ions so thee. i! 

diff acmes the cam. Under thaw conditions the 

metthrans to ts.tth water re*"* to chloride  and potassium 

than It Is to mum's Sodium ions are actively transported 
fr'*!s the in*idø of the crane to the outside at a rats Just 

sufficient to balance the iiwaxd leakage. T relative 	 um 
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i dtat y increased stat psr ~ It' .. The +I n $ent 

increasd Influx of aodim ions p +R ce$ 1it "hey' depoterl 

asi an. aA the proc *s beer xegsnsnti1, producing the 
all or none spike potential. At the peek of this *p& ,r the 
Wit. t ►Marcs bsgtns to decline alethe lvjed pot ► 
ssiu. Oon stance increases, Rory Is bit about by an  

afflux of tassium ions and both ionic pr r+ .titt.s fall 
rapidly as thSAbram is repcieris*d. The  p. rmna 3:4ty tO 
potassium fix^ vmr falls Use rapidly  than that to sodine. 
These actions are schemati 	in ` I►g, (3.3) and (1.4) which 
s w the potassium ionic earrents and the n*a :red spike potenui 
tial. 

Uy defining the net driving fog, on any given ion 
specits as the difference besen the smbrane potential efld 
the equilibrium potential, ?or that ion, WA by describing per,- 
r**bihtt Cage in terme of squl int electrical onductancs 
ah 	s, flMØcLn and Huxley redtxed the ionic 	e]. to the ems,. 

vel ant circuit of Tig. (.5). 

Tbe b * patio- for this circuit relate the rate of 

chi of the voltago, Vm across 	act tani* Ctn to 
thy► sum of the currentsin the three merit pathways,  

dV 'm h ( +X + 1g.) 

The threcui ants are given br the feltewing idanttti+s t 
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where oC 'a and P 'a are function of V but not of to 

Th se a►tic$ 1M be given a tical bast* It sodium  

ducts is asaud to be proportional to the nur er of sites 
on the Inside of the mumbrene which are espied. si xitatwomly 
by three activating wanes but are net block by an l nsctt 
vating molecule m then represents the proportion of activating 
iolculss on the inside and h to the proportion of inactivating 

molecules on the cutsids. , or P h 	)R, or h represent the 
transferete constant Intro directions. The solution of the 
above *jaat. tons which satisfy the bc*mdary con&t .o 	a *b 
end h*h0*tt-Oar. 

In 0 mCO *a (ma. 	) e 	(i 4m) 

h + ha, *• (h, h0) + 	(it/) 

m,0 -  V (r+'V ) 	 Th4 -C ~* ,,,~''f ~M + )IM ) 

t  	°ç/( +Rh) end -r 	' t + 

similarly the pot rsi a 'ductsnce is 

4 

er 	to a maxismm ► sit conzctence4 	and 

are rate stents which vary with voltage but not with time 
and hale dt sion of (ni. o) n represents the proportion of 
the particles In * certain position. 
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Membrana conductance can be calculated for different 

value of depolarization and time and remibstited In the ort,&  
gmat differential equation which can be solved for a better 
value of membrane potential, as described previously. 

The sub threshold response of a 20 im diameter fiber 
to a 04 m./ 1 putse of infinite duration is shown in rig. 
(5.1) • Figure show* the change In membrane potential at the 
node )*tow the electrode and at the five adjacent node. 
Membrane potentiel with respect to time Is shown by smooth 
Curve when we consider membrane conductance is a constant 

quantity and dotted lint correspond to rnrane potential 

while 0m a COlSXp function of voltage and time, Upt 

2nd node this *hang* In membrane potential can be observed 
from the ?ab&. 4 very accurately. 

The values of different constant is calculated sat 

Inter now conductancts, 

2 	 0A 

42  

0,06997103 ,u nt. 

96 7f d9 

0.4 x IC'  x  x14xlOx2,Sxl0 

0. - 0.03426546 x 10 	o. 
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2V 1 

'fir 0 	2V1 + 

+ ate 3 

2V 3 + V.e4 

y e 3 2Vg4 + V es 

C 

Axy+C 

IhM$t1me dt * 2 

given y{o) +i 0 

Now apply Itunga Kutta i*thod to get the o1utt ~ 

KI a f" (to* O + + ' 

K2 • 

x 
K3 - 

atA * (yo +K3) +C 

.y0 +°~r RC1. + 3 + 2K3 +1C4 

To got the nemb ane potential at different values 

of time it will be better to make $ cci peter progrs of 
the above procedure. 



so 

IiT"T1 T1 

in this analysis it IS assumed that the surfaft of 
each node is at an equipotentiel equal to V,, # n which is 
refired to be the external potential at the point ocøzpisd 
by node n, bat calculated 	 swat g the fiber is not pre- 
sent.. There will, be of courne be same variftticn in potential  
over the nodal surface due to the finite size of ther* 
This variation is not easily calculated because of the di m 
faun of the external  field in the neighbourhood of the 
fibers however, the variation  in external potential over the 
nodal surfaee will not differ significantly from at 
least in coevperision with the rnce in potential between 
note a WA its adjacent nodes. fl a simil&r argument the 
potential on 	 inner surface of node n will vary, bat the 
variation will be Small in co*rision with the difference 
in internal potential adjacent nos, Therefore, the ECL*i 

tet flowing into nods a and the t.otal menbrer*e current at 
nods a will be approximately  acetal to G~ (VIOn O 2Vjvn + 
This current will flow from node n with en appro*imstal ►. 
Uniformdistributionpreviously eased, There will be 
some distortion of this flow because of the external.  gr 
ient due to the aplied sthrsius, but this will be a small 
effect, 

A second coçonant of curt exists which  
.q. 	! in this analysis. This is ear* to the current 

flowing in the external medium when the stiiri4us Is applied. 
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asc *. VN* p is a neqativs quantity whichwill mubstrst 
ts+a~ other two term inside the brit. Therefore the  
overall value of second tere will be negligible. Me to 

this essunçtion so error vi l 'tntroduce4jn the calcis•• 
tion of mobrans potential which will coma it *ear what 
higher in cc*rbion to exact valuer The shape of the 
curves will remain earns only there will be slight cam 
In mbrane potential, 



though, K,?, model. has been ec.pted upto now. 
am the fundamental model and only slight dhang.a or mc&t++ 
ficettons have been intxo6uc.dese*xh.r]Later an tacking 
into account sub threshold* threshold or !para +th t n 
conditions of the nervy fiber with flying asauarnption 
rgarding dielectric constant of the sheath. o ►n »tan:e 
of wren for sodium and potassium or pøtenttsl at dift 
exent Pmts Of the fid otz, The author has consider 
the +t ri in mnbren. conductance as a function of voltage 
and tine In sub thrshol,d region while In previous papers 
It had been assumed constant. The other constant have been 
referred to the nald R♦ McNeal s fir. The potential at 
the boundary node end outside the self set of nee to 
aft *#ro, although ittenot a very accurate ssstu tton. 
The result considering membrane conductance constant and 
taking its variation into wont have been plotted. Zt is 
obvious that as we consider 	umobran. conductance a vi a► 

.e parameter, a function of voltage and time the potential  
at different print* or nodes of rises, The plots 
obtained match to a certain manner with P. R UQ per. 

By using numerical methods for the solution  of diff+. 
arential equation on ce3ut.r vs can get nors mate result,. 
U the author has also tried but the tnccsletton is regret ad 
erg left for tsar. fly meter  we can calculate this peten«» 
tials at different nodes wit ► err small time interval which 
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w111 produce bet' ' rt aommt! z►sults. M 	-lot t 

point for future work is thought to defy the ass ticn 
regarding the potential outsids the selected set of nodes 
end eonsidsrtng their effect also will be more nsr to 
Physiological fit, 
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