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JNIRCDUCTION

Intarest in the clinical spplication of electrieal
stimlation of nesves, both peripherally and esntrally is
growing rapidly, Thousands of patients are now hming trasted
for chronic pain using both superficial and implantsd aleotroe
has been implantsd in nearly 100 patients with insdequate or
00 respiracory function, WwWatars have reportsd on a series
of stroke victims in which parsiyzed muscles of the leg are
activated electrically during smdulation %0 improve walking,
Exparimental work is under way to develep nourdelectric prose
thases for the dsaf and blind, As thess clinicol sfforts
multiply, it becomes imperative that a model of nerve stimulee
tion be svailabls to provide an analytical foundation for the
study of signal propogation and nerve excitation,

Over the course of the last two centruies many physical
systams have bean linked ¥ nerves and many sathesstical models
proposed ss representing nerve charsctaristics,

In Mt& all the papars only stsady state conditions
wars sonsidered; f.e, threshold {a determnined only for s pules
of infinits durstion, Threshold for finite duration pulses mist
then bes chtained by reference to an sxpsrimntally detsrmined
streangth duration curve, Two excellient papars were presanted
by Hallgren and Donard t0 analyss & model for the electriesl
preparties of & mywlinatad nerve fibar that allows the compus
tation of strength duration curves for arbitimry alectrode



configurations, In addition, the time varying transverse
menbrane eurrent snd sembrans potential at ssch of the nodes
of Ranvier are deturminable fyom the modsl for sud threshold
stimli end for suprs threshold stimuli upts the time of int-
tiation of she metion polentiol. In thess paper he sssumed

a censtant membrane conductsnce for sub threshold stimuls,

Bt in the present work es mathematicel model is
presunted for the stuldy of nesbrane polential at 4l ffarunt
nods of Ranvier undar sud thrashold stimuldi by considering
a monopolar electrode placed directly over snd 1 mm svay feem
one of the nodes, Here 1t will be conmidexed that mmbrane
sonductance is s cowmplex function of veltage and time undar
subthreshold stimulus condition, Rest assuzptions sre the
ssms a3 desexribed in the above two reoent DAPers,

The dissartation is consisting of ﬂw mmm
First chaptar lays stress on ths developmant snd application
of the field of neursl modeling in neurclogy snd also gives
the crgmisation of the present dissertatisn, Structural
~ aspacts of ¢the neuzen are discussed in sscond chapter, Third
chepter pressnts review of neursl mofeling considering research
work in this field upte 1979, Censral theory snd results in-
¢luding the slectrical modal and sathemmtieal modsl theory
andt & Mebt em the solutiem of differentiesl squation appesrs
in forth ehapter and fifth chaptar gives conelusion and discu=
saion,



[5.13,15]

The nervous systams of multicellular orgsnism are
typleally composed of snsenmblas of neuruns or nerve cells,
It is an elementary unit that transmit the informatien in
an electrical form from nerveus system o8 ether pert of the
body and vice versa, These may be arranged in a simple net
or in complex arreys, There are soms 1037 neurons in the humn
central nervous system consisting of the hxain and spinaleoord,
The anatomical counter part of the idealised neuron is L1luse
tratad in rig, (2,1), Classicsl studiss with the light micros
s00pe sugoest that ths neuron is divisible into & small prowess
dandrite, the cell body or some, a long proosss sxon and the
terminal region,

Thousands of fibers are typieally grouped togethar ¢o
form merves, A bundle of nerves is called a trunk, The sam
trunk carries afferant {toward the brain) fibers from sensory
reciptors and efferent (away from the brain fibers to miscles),
The nsuron, in cowmon with other cslls is surrounded by 2 Coms
plex plasma mesbrane vhose thickness is sstimmted t0 ke Detween
50 and 150A°, Keurons excite in 8L all oc non fashion, the
axon may be representsd by an Insulator as in Fig, (2,2), ™w
tnner and outer faces are changed the hollew shall is £illed
vith one conducting wedium (eytoplesm) and immersed in enother
(inter cellular fluid), When the amon in stimalated the sur.
face potential changes (wﬂm on spikepot). ZIaputs 0 the
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NOULON MY OOMur at many points om fts surface, The majority
of the inputs however enter through the dandrites which cone
sist of single t0 sany branched structuxes extanding from the
cell body, At their terminal snds the twings of dendritic
tress intarface with extansions £rom other nNeuYons OF sansory
cells, The spscislised structures €alled synapses, seen at
the junction betwsen nautens, are of prims impertance for
they contain the mechanism for infermtion flow frem ene oell
to another, 7The integrative process takes place aithar in
the dandrite structurs or in the som, If ths slgebraie sum
of imput excitations excesds s thrwehold level, the cell fibres
generating a signal vhich s ectively transmitted down the
imthp!thamwwmzm&ﬂ.

As notsd there is & considerable variation in the sise
of nerve cells, It 1s difficult to estimave the length of dan~
drites however they probably resch a muximas of 2 mm in the
outar layer of ths cersbral cortax Axon langth varies fyom s
nminfswm in the order of 50 microns %0 & meximum of several meters
in large mammals, In vertsbrates largs sensory and motor fibers
may have dismters of 20 ¢ 25 micron, Axens with Slammter
less than 0,% nteron are found in ssnsory garglize, In the
suid there are shout 20 glant nerve fibers with dlasstars
ranging unts 1 mm, mxmtmaﬁwuam-mm'
then 20 om fong,

Varieus types ofnsurem are depietesd in Fig. (2,3).
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» As the cxoss section of Yig. (2.4) shows a typical
nexve twunk includes & wide range of axon sizes., The largest
£ikers are mylinated that is, there insulation is a relstively
thick layer of a fatty substance myelin, The walls of unmyelie
nated £idars also consist of fatty molicule Bt these are not
visible in figure bacauss they are only 100A® thick

The nerve mmn hae frequently been said o be analegous
t0 a leaky sub marine cable OF core conductor vhete the external
madium resistance per init length s low, and the intammal resise
tance per unit length iz moderate and nesr the same order of
magnituds as the resting membrane mﬂm of 3 unit length
of wxon, propagation of an mpules aiong the length. of an mrwon
eppesrs o ba Qeseridbed rather well by the differential equae
tion relating longitudinal and transverse current; The speed
of impulss propagation sheuld increase with increasing axcnal
diammtar bacause the intarnsl longitudinal resistance is invere
saly properiional to the sguars of the dimmter vhile the meme
brane resistanse is inverssly propertionsl o the dlamstar,
This is obesrved experimsatally,

There are twe large classes ofnarve ﬂbuém
2+3¢1 Unmyelinated fiverss

It resembles a tube that is filled with » weaX solu~
tion mostly of potassium fens QK*) and selatively lazge ergae
nic negetive ions, The fiber is surrounded by the interstitial
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£luld of the body essentially s Na'el™ sciution, Totsl
internel and extemnal concentration are abeut the same.s

‘The dismeter of the fiders ranges between 0,3 and 1,34, The
‘conduction spesd for typical £ibers is 1,73 x10° ataseters per
second indicating speeds batween 0,5 and 2,3 m/sec,

Because of random thermal movemsnts and differences
betwesn internal and axtsrnsl concentrations that are naine
tatned by metabolic sctivity, The inside of the fiber at
yest displays a potantial 0of v » «70 mv with respect @ the
outaida, This corresponds W an clsctric £leld within the
membrane of 70 mv/L00A® = J0000 volt/cu, By way of comparie
sion the dielectric strangth of inmlating oll fs about 100000
vole/om, It turn out that the fiber signsl is a spike that
is accompaniad by hreskdéown of the membrans this bhreskdown in
fact vegensrates the signal, The £ibey operates with a thre~
shold of about 50 nmv, when the insids st any point becoms more
positive than this valus the breskdown is sriggered. The meme
brene becomss permpable ¢o soditm fons for some 2 m sec: as the
iens enter the Zidber, the wn;am incresser o approximately
430 mv, Aftaxy the 2 m sec interval there is an sdditional
2 @ seC refractory intsrval during wvhich the manbrane becomes
a melativaly good insulator sgain, Because the disturbance
is 4 m sec wide, The maxioum possible frwquency is 250 Hz,
The axcess sodium lons that leaked in are slowly end mere or
less continueusly pumped out with energy supplisd by the






mtabolie setivity, The <70 mw resting voltage may be
regerded a8 & 4,0, compment that is mwdmw
100 mv pesk spike known as an action potential that actuslly
constitutes the amon signal, "

2.1.2 Myslinstad £iberm

Its conduction apeed upto 120 m/sec is considerably
graatar than that of the unmysiinated axcn, On the sther
hand, the relatively thick laper of myelin presants & space
problam only one third of ¢he fibers {in manmalian nerve trunk
those involved with ropid msculsny response, The myelin sheath
i3 periodically intermptad Ly the nodes of Ranvier (Fig.2,5),
in which the cross secticn is subetantially that of an unayeli.
- nated fiber, It i» at the nodes that the action potantial is
regensratad in the usual way by an inward diffusion of sodium
ions between one node and the next the fiber behaves lilw a
passive RC esble.is if & 100 mv epike originate at a particuler
noda it will appear at the next node with increassed width and
reduced hadght, he height 4is normally sufficlient to overcome
sasily the minimum threshold requirement of 20 mv peak so that
reganaration takes plass, Yiber axternal diameter (ds) rangs
batwesn 1 and 224 , In contrast to the unoyalinated structure
in vhich the mmmbrans thickness romaing constant at 1C0A* the
myslin thickness is spproxisately preporticnal o fiber diametar,

Large nerve fibers are characterized by the fact that
they awve surreunded by & myelin sheath of mainly lipoid maserisl



as shewn in Fig, (2.6)s The myalin seath in turn is surrounded
DY a specializned type of ¢all called the Schwann cells AGcorw
4ing %0 pressnt concepts, the myelin sheath sctually consists

of wany layers of Schwarn cell menmbrane vhich were left behind
as the oell body rotated around the axon during growth, The

nodsl region is charscterized by its low slectrical resistance,
This geomtry imparts certain conatraints on conduetion in mye-
1inatad axcns,

The plasms musbrans surrounding a nsuron can be investie
gated by using slsctron micros copy and Xexsy diffiraction method
AMaitional information on tha proparcies of the mesbrane has
been daduced from permesbility, slectrical conductivity, and
surface tansion massuremmnts,

The presence of the myslin shesth around large axons
tands tO altar ths mods of propagation in this type of fider,
The sheath whigh may be compoesd of & considarable nmber of
tight turns of 120A* thick lamina, has low wlectrical conduce
tivity and functions much es insulating smterial on a setallic
wire, Ths node of Ranvier is ocovered only by Schwamn call
cytoplasm and form a functional point of view, the awon plasma
manbrans 18 barxe st the node, Activation in myslinated axons,
thexrefore cecurs at & nodal region snd produces s local etrcuit
current which completes the cloasd leop via adjacent nodes, As
current flow is conatrained primarily to nodal areas, current
dansity is pelatively high st thess cirecumscribed sites, Yer
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this resson setivation jumps £rom node to node, an? this
~ phansmenon 13 called saltatory conduekion,

Aconnective « tissue systes binds individual peris
pheral nezve fibars into a nerve trunk, MV&M' ANONS are
covered by & connective tissve tubs called the sndoneurium,
Bundle Of nerve fibers are bound together by & laminated cupe
sule, the perineurium, which hes altemating layers of connece
tive tissue and endothetial ¢ell in mammals, The entire nerve
trunk is enveloped Ly & systen of Jooss connattive tissue, the
epinsurium, The shaaths appear to act ar o Aiffnion barrier
betwasn the fibagrs within the nerve trunk 2nd the extra cellular
fluid spave,

The individusl exons which make up the nerve trunk mey
VALY in tarme of dlamstar,mpyelin sheath thicknass and other
slectrical proparties, There are four ssparable clesses of
axon typas nown a8 A, B, s¢, and dre, Typa A fibars are mye
1inatsd and have thelargest Jdiametar, 7Type B fibars are sone
what narrower and are more thinly myslinatad, The o £idbers
are small and not mpwiinated, Since the nerve trunk aonsiste
of a collestion of sxons Alffering in Doth sixze and type apd
tharefore with different conduction veloditiss, propagetion
- proeseds Alspersively. As & resuld, the shape of an ection
potantial inftintad at one end varias as a function of axial
distance,
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2.2 sSynaptic.Tunction

Synapses ars the sites of information transfer from
ONe NGUXER 0 nethar, the mechmiam of synaptie sction have
leng been ene Of neure physielegy's central cencerna, With
modern tachniques our nowledge abeut synsptic functien has
increased rapidly, The synapss may be defined as a sonstallaw
tion of stnuctures including an axwon terminal and its contents,
the inmsdiately sdjscwnt dandritie¢ (or muscle) membrans snd
the narrow spasw separating aeon tarminal from dendrites, the
synaptic claft, The axtn terminal mnbrane adjacent ¢o the
synaptic claft is called the presynaptic menbrane snd its
dendritie counterpart i known as ths post synaptic membrana,
In electyon micrographs & uynapes is charactsrized by certain
manbrens specislizations snd sapecislly by mumerous circulss or
e1lipscidal profiles in the awon tarminal sijacent to the pree
syneptic mambrane, the synaptic vesicles, The features of
synptic structurs are illustrated in Fig, {(2,7).

When a nexve impulas arrives at an axon terminsl, I¢
sats into meticn s ssquance of events that eventually leads to
a chaxsctaristic voltage fluctnation in the poet syneptic cell,
Aftax s dalay terminal depolarisation preduces the relaase of
s spacial chamical (terowd transmitter subatance, o simply
transmitter) frem the awon tarminal mesbrane sdjasent to the
synasptic cleft, The tranamitter diffuses repldly across the
nagzow 200 to 500 A* gap and interacts with the post synaptie
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senbrans, This lateradtion rssults in a change in permenid«
uvummzmnpaem o gartain fons and thm
moverent of these 1mwm1rmmum mw&w
gradients pxem- the numum in the post mwue call
voltage tarmed the post synaptic mual (PSP}, Transmitter

in umxmly destroyed npid].y or siewly dspending upon
the synspse under mta-:uuon. 80 that its duration of action

is ,mauv-:.y bﬁctl from lass than a mw.um to perheaps
seversl hundred nmillissconds, This ‘saquence of event is fillue
strated in Fig. (2.8),

The gradisnts between the axoplasm and external medium
are the energy scurces for instantanecus dlasipative prosessed
oocuring during the action potantisl, During a nezve Ampnine,
sodivm lons flow into the axoplasm and potassium fons £low |
out. Both of thess processes tand to discharge or reduce the
potantisl of tha xespective battariss by reducing the sodium
and potassivm ion gradients stiwez the msdrane, Such losses
sleng with nonespecific laskapge are rastored by utlilising
eneryy fram metabolism t0 transpore oF pump 208ium lons out
of the axoplass erd push potassium ilons from tha ssa watar
back {n%0 the axoplosm, 21w amount of enexgy loet per action
potantial is vary lew Meesmme only a few picemoles 'of sedivm
and pevassium ions wove aeroas the membrane with eassh impulse,
It £ a commen misconesption Shat this tranaport sysbem pamp
or rschaxging process is identical €0 or related 0 the Exci-
tation, Hodgkin and Keynes showad that although they were able
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to stop the pump by means of metaboliic poison, elestrical
activicy persisted and tens thousands of action potantials
ooild bs genarated for hours with only & small aimirution in
height,

The menbrane capecitance of the squid axon has besn
measured frequantly and found to be in the order of 1 mE/cm’
of mawbirans ares, This remsrkably high value aAppears to
arise from the sxtrame thinness (75A°) of the mmbrans and
£from the xeasonably large dislectric constant of the phosphow
1ipid metexial of which the menbrans is composed, Artiticial
menbrane made from snimal 1ipid material usually exhibit capa-
eitances of the same order of sagnitulde per unit ares, wWith
a steady potantial of «70 mv scross the memboans, & voltage
gradient in the ordar of 100 hilowoles per o exist, Ixparie
mentally it has bean found that this potantial ¢an be increassd
by akleast 50 parcent befars an Appazent hreskdown take place,
It is also intaresting to note that the membrans may recover
completely aftar incipient hreekdown tasting only a few millie
ssconds. Furthepmore 4t has besn found that the capscitance
is congtant to within a few parcent whether the nerve is in-
active erpassing strong currents undar various voltage condie
tiona, It has the important properties of regulating the rats
 of rise and 811 of an sction potential in a nerve swon snd of
avaraging a musber of input signals in synaptie (Junctional)
and some (call body) regions,
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the understanding of ¢the oycls of axcitation and recovary,
Without euteids disturbances, ths smbrane potantisl will
resids Datwesn the leakage and poassium aquilihriue potane
tials and remsin quisscient there because the resting valus of
the potassium and leakage ecnfuctances for this potential sre
considerably higher than the sodium conductance, However when
the potantial is moved ¢o the neighbourheod of «40 o «50 milliie
velts on the inside, the sodium conductance unSergoss an explo.
sive incresss so that tha potentiasl scross the mesbeane is
dominated by the sodium squilidhrium potantisl and battery snd
the mambrane intarior very rapidly sgpproaches a positive phtane
tial of some 30 wv, The high gonductance of the sodiuom pattway
s not maintained and prosptly reverts to its original level,
At the same time the potassiuom conduntances goes through a
dalayed trervane, The net effect of these two changes is to
bring the mesbrene potential Deek to neay the potassium squle
1ibrivm valus within abeut 3 te (for a temperature 6,3°C}),
Then as the potassium conductante gradualiy Secreasss, The
mepbrans potantial settiss bavk down to the criginal wnper
turbed value within another 5 to 10 me,

By miktng the X¥ and wa* conductsnces as s continuous
functions of time and membrane voltags, fodgkin and Ruxiey
were able to descride with geod sccurscy the axemal current
voltage relationship while Hadgkin and Muxley specifically
stakes that their squations wvere only fntended to be an emperical
dascription of the {onic turrents, The sodium conductance will
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be descrided with the standaxd Hodgkin < Huxley formelism,

Ona ™ -'.Nn nahg au& is & normalization fagtor, m and
h are funetionn of membrame woltage end of tise which vazy
betwesn 0 and 1, Similarly potassiunm conductance will be
dastribe’ es

gxukﬂ‘

Gy 33 & normaligation factor, n is a funetion of meme
brany voltage and of tima, While leakage conductance 18 indee
pandant of membrune woliage and tlaws 13 depmd only the tempee
rature variation, ‘Temperutuxe hes & lexpe effuct on the rete
of zise of sodium conductanos s a relstively small effsct on
fts mauimun values - |




A model is sommthing simple made by s ssientist @
help him understand something cesplicated, A model oan O0nw
sist of mthamtical equation 2n ftmaginary molecular struoturs
obaying the laws of physics or s machine wvhich is physically
aifferent fyem the eriginal phenomsnon it vhich simtdates its
bahaviour, All three types of models aye of uss in NAYSw
physiology.

Moat models thet have appsared during the last half
contury or so heve taken thae form of chemical systams, elecw
tronic circuits, mathematicsl for-milation or computar simulee
“m’

Considerable advantages and serious short comings are
found 4in each nwmraﬁwummmmmnu
generslly little Aifficuley in selscting the most sppropriste
tachnique, Since mathemtical, elsctronic snd CompUter Simiw
1ation models comprise the majority of contempOrary analogs,

Mathematical models have grest utility in Jimited 40
bles is reasonably limited and nonlinsaritiss 4o not prasent
sevure sanlytical difficulties, An outstanding spplication is
found in the analyses of mambzans blophysics, In certain
spacial eases, however, mathamatical modsls of network bshavior
axe axtremely well qualifisd, This is particularly trus for
statistical treatment of large snsssbles and for the analysis



of large scals slectricel activity such as wvave formation

and propagation, Eleactronic medels ¢an simulate continuous
varisble nonlinesr operstions sccurataly and econmmically.,
Providing real tims signals that mey be chearved vhils sxperie
mental conditions aye sanipulatad, they permit s repid and
effective kind of chasrver madsl intersction net sasily schisved
by othar tschniques, Thare is consideradble sdvantage to dirvect
ohasrvation of vavesforms,; phase relationship, modulations and
time Sapandent intsrsction while stimuli and mode) parasmtars
are changed, BGuch sdvantage is most effective for the modeling
of one or a fev intar connectad units, Yor large networks
howevar, both ohservation and manipulation of paramster and
conncetions become very difficult,

Analog cofiputer have advantages similer to thoss of
slactronic models, tut tend ¢o be slow and cumbexsoms, Both
have the advantage over methematical models that they 40 not
tand o compel over simplification, The growing speed and
storage e¢spabdlities of digital computars carry grest promise
for flaxible, rwalistic modeling: The special problems that
arise with large network aimulation age more resdily handled
by digital computation than by other tachniques, It seemm
1ikxaly thet high spesd digital compoters will ultimataly proe
vide one of the most satisfactory means for modaling complex
neural systems,

An additicnal powerful advantage of cewputer similation
is that the models can be mads to work faster than their protos
types and many wore axperimsnts can be run, Finally, an
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important ssset of digital simulation Ls that the use of
discrets synols parmits complets contyol and oheservation
of asnigned variables,

The reprasentstion of the neurel 'puﬂmm of & DEULOw
museular system in s Aigital simulation necessitates a simple
mathematical dsscription of neural funetion which can be impe
lemanted economically 4in terms ctmrmmdam
requiremant, Fige (3,1) shows s monosyneptic pathvays through
& single neuron which is regarded as & processor of electrical
signaiss Xt represent the path of incoming signels frew en
axon which has only one synapss vith the neuron represented
and it sssumes no other active synspsss, The usual chenical
tranemission phencmencn found in synspsss parmits their repre-
sentetion an rectifying blocks,

The ssrliest modsls Of NAXVOUS SYStens arose £rom
considerations of neuro muscular sction, The fact that nere
vas sctivets muselas was Jnown &8 1oy apo ss the Prolemsic
period, ut only 4in the past hundred yesrs has man begun to
resolve two aystariss inharent in this knowvledge: how doss
nerve conduct, nd how dous muscle contract? YOI many Cene
turies thess Wwo question wers Saslt with as one, s0 that an
early nerve modsl was usually one half of a nerve-scescle
modle.

At leust from the time of the pregalenie physictian,
Erasistratus, wntil well aftar the time of Glisson in tw
saventeenth century, the contraction of miscle was thought te
be & result of swelling or incresse in muscle velume, The
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commonly viewed pletiure was that of a long, inflatable tabe
whess ands cane closer togethar & the tube was pusped up,
The pestulatad role of nerve was to induoe this mwelling,
The theery of nervous conduction, therefors held that a
1iquid er gas flowed rough pipelike nerves to inflats the
muscles, s concept that prodbably culsinated with Desscurtes's
theories in the seventsanth eentury,

Descartas comparsd the nerves of animals with the
water pipes in the hydesalic mwchines snd automata of his
tima, This comparison was not simply metaphoricsls Dascartes
considared these machines to be good models of conduction in
Nerve, mfactmwmumﬁmwmmuwplw
sibility of his theorias of narvons condstion and mscular
contrastion, Anong these theories, Dy the way, are soms of
the sarliest discussions of involuntary reflexss and reciproe
cal innervation of muscle, Acconding to Descartss that the
o.g"rzu passad from the humm brein through the hollow nerves
0 the muscles causing contrastion or relaxation depending
en their quantity. The flow of animel sprits in & merve was
controlied by valves loceted at ech functien, The valves
ware sither undey the direct control _oi! 4w pitmaglend or
indirectly controlled by it through flow and pressure &iffee
rences in different nerves, when the miseles vare filled with
animal spirits thay swelled in the middle and the ends eontre
sctady vhen emptisd they relaxed, ‘
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The mechanistic views of Dencartes influenced many
seventesnth centuxy sclientist, Amng thess was Sorelli, who
propeesd s munber of mechanical models of muscle, most of which
were based on the rhonbohedron, I£ the adpes of a rhosbehedron
are £imd in length the dlstanse hatwesn opposite vertioss will
decreass over a considerable range of incressing voluse, He
used this analogy to ghow the coensistency betwesn swelling and
eontraction and €O caloulate the ferces necessary #6r miscle
contraction under losd,

~ In the last haif of the seventeeth century at lesst
thres physiologists, grisson, Lowery and Swemserdam indspendslitly
demonstratad that mascle voiues Aid not incresse during oontrac
tion inspite of thase results the so called “Baloen theoxy"
persistad into the eichtsenth cantury, Haller in the etightesnth
cantury propossd that muscle was no longer considered simply a
passive dewice waiting to be inflated or swollen by some seticn
of nexvous fluld: It was now thaught ¢o contain all ethe Come
ponants necessary for contraction, nesding only s stismalus o
set it off, Haller himself proposed seweral inceresting poasie
bilities adbout stimulua transmissicnt through a nexve, Ono »f
thesie vas in the form of an mnalogy ons might ¢all 1t the crow
quat model of nerve, SuppOse Nerve were construcesd of & long
row of spheares « esgh in oontaert with both of ity neighbours,
If ons were % rap the first sphere sharply, the last ons weuld
f1y off alwost instmtanasasly and would stisulats the muscls
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Rewton postulated that nexves ware a0lid but transe
parent and that excitation was propasgated as optical vibeations
threugh them, exactly as he suppossd light wvas propagatad in
the ether, In this as in mest mattars, Newton's influsnce was
very strong and thase postulates dominated sarly eightsenth
century concapts Of nerveus trensmission, Cavendish duilt an
alectric model of the ray and with thac model he was abls to
convienes & previously shkeptical sefentific comunity that the
shock of tha ray could indesd cauwed by elactricivy,

Batween 1840 and 1850, au Bois Reymond constructsd a
pair of vary sonsitive galvanometers with then he was able %o
measure elsctrie currents associated with hoth nerve and muscle
activity, Heperformed expariments not only with living nerve
and mugele It also with electro chenmical snaloos of both,

In 1883 Hermann woried with a core moial 2 m long,
stimilated at ons ant with repstitive current pulses, He
found slectrotonic curzents that sometimes attained their
maximse value only after the palarising current was off, As
in nerve there were two sucoassive, uneqal phases of current,
the first baing in the sams direction as the polarising current,
the second oppoeite, Hs attributed the sscond phase o YecoOH-
very from polarisstion, In addition €0 mattenecl, Hexmann sand
Dormttami, & nunber of physfologists were employing ¢ore models
€0 &id in their understanding of the propecties of nexve, Some
of the aimplest of these models were devised by Hering, He
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simply £1lled hollow grsss stanw or the sxtwkeletons of craye
fish antannse with salinesolution, These models exhibited
slectronic spresd even witheut the central metallic conduetor
and its progressivey polarization,

Between 1%00 and 1510, howevar, the membrane theory
bagan to command tha attsmuation of physiologists and the
popnilarity of core conduetor began to wans Kernleitsr models
vs spplicable to slectronic spread, but ths newly postulatsd
mechanisms of action potentisl prapagation were mich more
exciting. Oone of the explanation wvas Bernstein's fomic Wgpo-
thesis, Along with it cem a new elactro-chanical modal, the
iron wire model,

Lillie's fipst mention of the snalogy Letwoen neural
propagation and the spresd of excitation over passivated
{oxidized) Lron sppeared in 1916, If en Lron vire is imersed
in concentratad nitrie ecid, its surface is oxidived and beco
mes insensitive to fugrther sttack wimn the wire is trsmtatm
to dilute nitric scid, If part of the vire is artificielly
sctivated the activation apresds, Lillilo showed that in these
and many other ways the izon wire buhaves like the nerve
fiber,

Bishop and Bonhoeffer and his collesques wers Iespone
sible for many new experimsnts and asslyses) frank modalled
saltatoyy conductiony Yamagiwa atbempting to model synaptic
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agtivity, sxanined intersetions smeny sontiguous iron wite
modals, Further dlversity is found in the voltagectap

damg experiments of Tapaki and Bak and in the relaxation
ostiilation studies of carxicaburu, Other slectroechesicel
systens huve provided snalogs similar te the iron nitrie ascid
enar the merwury hydrogen proxide modsl and the eobalt ehromic
acid model are xepressntive, Electrowchemical models represent
only one of meny ciasses of neursl mofels to appear sinoe the
time of de Dois Reymond,  Hill end Frank used complicatsd hyde
raunlic model to illustrate thalr ideas sbout sxcitation, Ohter
suthors such ss Mumhiten, Rats, Hodgkin and Huxley and Grundfest
used electrical cirouit analogs £or this puxpose. |

Other models wares used for exploring or predticting
congaquances of specific theories of sxcitation or conduction,
Sutheriand for exapie, proposed s gyroscopic mddel ¢ tant
his theory that nervous conduction was Gue o torsionsl vidbrae
tions travelling along 2 £ider, Fabre and Schmitt constructad
electronic models in the late 1930's to explore theories of
excitation, These neuron modals probably wers the fixst ¢
be mede with electronie efrcults end they Jemonatrated & new
kind of flaxibility & simplicity in sode) meking.

During the 1930's another type of neural model appeared,
the mathematieal model, The earliest of thess proposed by Rashae
vaky was based en the prepesition ¢hat processes of sxcitatien
in nezve onild be Seseribed completely Ly twe time facwors. The
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tw0 time factors are time omstant in we exdinery, fizste
ordar, iinear differantial equatsions, The dependent varise
bles of the equaticns either are membrans potentiel and
thresheld petential or exeitation and inhibition, 7The timm
fagwer for sach variable relate its rate of ghange 0 its
displaceant from ecquilibrium, The twe time fackor wmodels
were all similarx,

In sddition o mathemstical models of aneitation there
appesred several mathemtical models of conductien, In this
case they wers based on linear differential squations Rashevsky
and Rusheon both mﬁd such modsls,

1943 McCulloch and PLLts published & revolutionary
concept in muthemacical neursl sodsliing viewving the all ox nen
behavior of neurons as a first ordsr importance, they proposed
to treat nsural systems with aiscrete rather than continuous
mathematios, McCulloch and Pites applied Boollan algebrse and
set theory rathay than MW& sguations, Thay ware sble
to prove thst the behavier of all networks of nerve iiks three
shold elemants c2n be Zreated by the propositional ealculus,
and that given any logieal expression s net of such slemants
having cerresponding function can be found,

Modeling studies with the formal neuron expsnded in
saveral d@irections, Minaky used the MoCulldeh = Pitts model
to examine - Reszning: wvhereas McCullech » Pitts had hean
interestad in detarministicelly connectad nete, Minsky exemi-
ned the propesties of random nets.
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A new Xind of mathematicsl modal appeared in 1952
providing maiyaia rathar than mere description of excitation
in nexve., Hoedgkin and Huxley having inserted small silver
electrodes inside the glant awon of squid, made detailed mes~
suremsnts of voltage and tims depandencies of currents across
the anon membrans, They consolidated and formalized thase
data into a set of four stmultanecus differsntial squations
describing the hypothetical time course of svents during spike
gemneration and propagation, The systes proposed by Hodgkin and
Hyxley is basically one of dynamic oppesition of fonic fluxes
across the axon membrane, The menbrane itself forws ths boune
dary betwean tvo 1iquid phases the intracellular fluid and
the extra<cellular fluid as ghown in Pig, (3,2). The intra
cellular £luid is rich in potassium ions and immobile organic
anions vhile the extrs cellular £luid contains on sbundance of
sodiun ions and chloride ions. Under equilibrium conditions
the inside spproximataly 70 Mv negative with raspect to the
outside,

Atleast, the membrane is slightly p*mhab&u Lo the
potassium, sodium and chloride ions so these lons tend €O
diffuse across ths mesbrans. Under these conditions the
membrana is much mdre permeabla to chlorids and potassium
than it is to sodium, Sodium ions are actively tranaportsd
from the inside of the mesbrane to the ocutside at s rate just
sufficient 0 balance the inward leakage:. The relative sodium
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imendistely increased sodium permpadbility, Tha consequent
incressed influx of sodium ions prodices furthexr depolari-
zation snd ths process becomes regensrative, producing the
all or none spike potential, At the peak of this spike, the
sodium conductance begins to decline while the delaysd pote
ssium conductance incresses, mmrx is brought about by an
efflux of potassium ions and both ionic permbabilicies fall
rapidly as the membrane is repolarized, The permsaldlicy w
potassivm however falls less rapidly than that to sodium,
Thess actiens are schematized in Fig, (3,3) and (8,4) which
show the potassium ionic carvents and the measured spike potens
tial,

By Safining the net driving force, on any given ion
spocies ss the dlfference betwesn the menbrane potentisl and
the squilibrium potential, PFor that ion, and by Gescridbing pere
mesbllity change Ain terms of equivalent electrical conductance
changes Hédgkin and Huxley ruduced the ionic model to the equie
valent eircult of Fig, (3.5).

The basic emation for this circult relates the rats of
change of the voltage, V,, across the membrans capacitance C to
the sum of the currents in the thres shunt pathways,

Q}afg,, - %(xn+zx+1m§

The three currents are given by the follewing identitien:
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vhere (‘s and F‘'s are function of V but not of ¢,
These equations may be given a physical basis Lif sodium COne
ductance is assumed to be proportional to the number of sites
on the inside of the msmbrane which are occupied simaltanecusly
by three activating molecules but are not blocked by an inactie
vating melecule m then mr-ianu ths proportion of aetivating
molecules on the inside and h is the proportion of inactivating
melecules on the ocutaide..(,, Or Ffp and P ©f <y xepresent the
transferate constant in two directions, The solution of the
above equations which satisfy the boundary conditions m = my
and h = hy at ¢t = O are

m ow m, e (m,~m) exp (=t/ )
h = h,« (h o= hy) exp (wt/c))

whers,
m,_ - O(R{"O(m*@m’ and Tm w )/ Xm + )Bm)

how “/(4+A) md T =1/ (g + F)
Similarly the potassium can-ductance is
% = Hen'
% « L en)«g.n

where g, is & maximum potassiwm conMuctance. . and
P, are rste constants which vary with voltage ut not with tine
and have dimension of (m.ua}"l.. n represents the proportion of
the particles in 2 cerxtain position,
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Msmbrane conductance cin be ¢alculated for aifferent
value of depolarization and time and resubstited in the orie
ginal &ifferential aquation which can be solved for a better
valus of membrane potential, as described previously.

4.2 Regults

The sub threshold response of a 20 um dlametsr fiber
o & 041 m,A 3 pulss of infinite duration is shown in Fig,
(5.1}, Pigure shows the changs in mambrane potentisl at the
node bhelow the electrode and at the five adjascent nodes,
Membrane potentisl vith respsct o time is shosm by smooth
curve when we consider membrane conductance iz a constant
quantity and dotted line correspond to membrane potentiasl
while G, is a complex, Function of voltage and time, Upto
04 node this change in membrane potential can be observed
from the Tahle 4 very accurately.

The valuss of &ifferent conatont is caloulated acs

Inter nodsl conductance,

2 ‘ . w2
7 3.1 :
% = T =25

G, = 0.06997183 u mho,

membrane conductance,

Gl!! = qmﬂdﬂ
Gy = 30,8 x 20" x  x 24 x 207 x 2.5 x 207

Gp = 00033426546 x 10”6 mho.



6]

ond cosihoinn espoclionso

i’.‘t,__z © CQVGR

e 233005 o 26 2307 525 5 10%
o 2.1001140 pr

oha volvo 0F antomnol poteatliol of o nedo kolcy
Lo olectooln and cdjcoont asfon 3o giveon &n Cho 2oblo 26

SN e A

- ‘ — E——

ca‘; Bos _gmﬂaﬁam m&amu& gm:cnm.nl. (Ve) v
) 0 23,075203
2 L 10,676630
3 2 5, 7C0R3G
¢ 3 39267307
5 8 2,96)13112
6 5 2 3754702
7 G 19025607
o 7 1, TG00

- IS NS—— S

N Dottsr poouldo con o ovaduntef by ehonging
oicinol CAffopcatial omuatics fn Cho matpin form and ¢hon
Conly oo memardieal cothsfos 2 hovo tzlcod tho colulicn Ly
Crpliying ungeasd uetn rathad ond used ¢ho cemator G0 CORVO



0

.men.ﬁfwuuw g = 10 po muﬁu%aoﬂb GO po co po 150 Bo

vg o.ca05702 0038286 ousooioan  0.Ra0ze3 023369 002812350

Vg 9,25580L859 0.3725F0R 0.0403552 0000223 0,L575022 QLo T
Vq 0, TTCORED 1.132307 1,3052505 1,40106G037 1,02450%0 1,02C0300
Vg 2,1050355 5.24026G63  3,003063% 3,08308523 T, 55334 8,003

vy 2335038 0,0073E30 10,901364 13,320354 13,4054502 3.2, 420052

.d. o 17.812759 25,010235 91, 2G0993 32, 372034 32.5C9737 Y RS VY
- | ‘




TABIE - &

40 ps

%ﬂ ,wuwavo 20 ps 60 ps 80 ps 100 pa
Vg 0.0606489  0.088233 0.1064886 001102601 0.1110411  0,1112026
v, 0,2552852  0,3713347 0.4481679  0.4640375 0.4673243  0.4680041
A ahﬂﬁmu 1.1300775  1,3650101 1.4134081 1.4234192  1.4254802
v, .1614507  3.1443437 3,7947768  3.9295316 3,0573651  3.963123
vy 6.2215884 0.0500144 10923169 1131089 11.39101 1140763
v 17.774836  25.889167 31.235265 32.736196  32.887488

32.414319
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2Ve1~2V

velguzv ey * Veq
Vey = 2Vey + Veq
vez - 2%_3 + v.e‘

V€3 - We‘ + Ves

] _

C

%% = f(y,t) = Axy+C

Apsuma At = 2
given y{o) = ©

Row apply Runge Kutta method to get the solution,

Ky = f(to. ya) + L

L ﬂAx(?c-t;L)*ﬁ
X

xsaax(yg*!-?‘)«rc

X, uax(‘y°+x3)4»cz

yi -yo¢£§(n1+:x3+zx3+x‘)

To get the membrane potential at different values
of time it will be batter to make a computer programe of
ths adbove procedure.
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4.3 Asvuaptions

In this analysis it is assumed that the surface of
each node 4is at an squipotential equal o ve.n which 4a
definsd to be the externsl potential at the point occupled
by node n, but calculated by assuming the fiber 1is not pre-
sent, There will bes Of couras be soms variation in potential
over the nodal surface dus to the finite size of the fiber,
This variation is not sasily cealculated becsuse of the dine
tortion of the external field in the naighbourhood of the
fiber: however, the variation in extsrnal potential over the
nodal surface will not differ significantly from V 2yn at
least in comparision with the difference in potential between
node n and its adjacent nodes, By a similar &i'gmunf: the
potantial on the inner surface of node n will vary, but the
variation will be small in Wrium with the difference
in internal potsntial adjscent nodes, Tharefors, the axiel
current flowing into node n and the total mewmbrane current at
node n will be approximately equal to G, wi,ml" avim * Yy, n4l

This current will flow from node n with an spproximately.
Uniform dictrilution as previously assumed, There will be
some distortion of this £low becamuse of the extermal grade
fent Que to the spplied atimulus, but this will be a swall
effect,

A second component of current exists which has bean
neglected in this analysis, This is due ©w the current
flowing in the extermal medium when the stimilus is applied.

prreay oL 1284 7/
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Bacause V"a/h a negative cquantity which will substract
from other two term inside the bracket, Therefore the
overall value of second term will be negligible, Due to
this assumption some error will'intzoducedin the calculae
tion of membrans potential which will comss out, soms what
higher in comperfsion t0 exact valus, The shape of the
curves will remain seme only there will be slight change
in mambrane potsntisl,
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Although, H,H, model, has been accepted upte now,
a3 the fundasental model snd only slight changes or modie
fications have been introduced. researcher later on taking
into account sub threshold, threshold or spra threshold
conditions of the nerve fiber with modifying assumption
regarding dielectric constant of ths sheath, conductance
of membrane for sodium and potassium Or potentisl at aiff.
erent points of the fiberétx. The suthor hes considered
the change in menbrane conductance as a function of voltage
and time in sub threshold region while in previous papers
it had besn assumed constant, The other conatant have besn
referred o the Donald R, McNeal's paper, The potential at
the boundary node and outside the aslected set of nodes s
assumed zaro, although itisnot a very accurate assumption,
The result considering msmbrane conductance constant and
taking ita variation into account have been plotted, It is
obvious that as we consider the membrane conductance & varise
ble paramster, a function of woltage and time the potential
at different points or nodes of the neuron rises, The plots
obtained match {n 8 cercain manner with R, Hallgren paper,

| By using numerical methods for the solution of Aiff.
srential equation on computsr we cen get mors accurats result,
as the suthor has also tried but the incompletion is regretted
and left for future, By computer we can caleulate the poten~
tials at different nodes with very small time interval whieh
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will produce better and sccurats results, An important
point for future work is thought t0 defy the assumption
regarding the potential ocutside the selectad set of ncies

and eonsidering their effect also will de more neaxr to
physiological facts,
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