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ABS'IRACT

fhe work reported in this thesis represents part of a research

prograrn ained. at elucidating the mechanlem of the epileptiforu afterd.ischarge.

The erperimental preparation used ¡¡as the neuronally isolated slab of catrs

cerebral cortex. Stabilisati-on was by n:ans of a rig:iùLy nounted. silver
trough arranged. so as to wholly contaÍn the slab below the intact pia; surface

stabilisation was by a rnatching 11d. v¡hich also carried. stlmulating and

recording electrodes. Recording from single cells was by extracellular

microelectrod.es arranged so that recordings fron two separate points cou-l-d

be mad.e simultaneously. fntracellular record.ings were also mad.e on some

occasions"

Epileptifo:m afterd.ischarges urere induced. in the slabs by repetitive
eLectrical stimulation at the pial surface. The afterdischarge activity was

recorded. by the nicroelectrodes as typically a series of repetitive slow

negative potential rburstsr each with a superimposed train of single cell
spikes. Photographic recorde of J-arge numbers of these burst-spike episodes

were exarnined fron both acutely and. chronically isolated. slabs. Measurements

were made from large numbers of individual burst-splke episodes to dete:mine

the values of certaín characterising parameters" 3y investigating the

depend.ences of these on tirne, distance, and. other relevant factors, a number

of qualitatÍve and" quantitative conclueions are d.rawn from the data obtained

in this study"

The individual burst is identified as a gross integrati.on at any

no¡nent of all cellularly developed. potentials of all- forrns over a wid.e

region" The associated spikes represent activity in excitable cel-ls

inmediately ad.jacent to the rnicroelectrod^e típ. The probability of spike
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firing is the sa.me for all excitable eells affected sinultaneously by a

burst.

ft appears that the effect of stimulation is the establishment of a

shell of activity, ideally spherical with the stinulated point as its centre,

in which activity is naintained. by continuous recirculation between the she1l

itself and the central region. The shell thus behaves as a focug, and from

it at each recirculation a burst spreads out into the remainder of the slab

as a continuous wave of activity r+hich may or may not remain coherent. ïn

the acute slab all actívity ceases when the focal shell becomes exhausted;

but in the'chronic slab, perhaps because of looser interneuronal coupling

resulting fron d.egeneration, burst activity becomes independent of any síngle

focus and nay continue to reverberate for many hours"

It is recom¡nend,ed that further data should be obtained to supplement

those already acquired; and it is suggested that profitable extensions of

the work night be made along the lines already established, that coutplenentary

studies shouJ-d be mad.e of the intact cortex, and that relevant histological

investigations should be und.ertaken" ït is afso stressed. throughout that

there is much need and scope for a parallel theoretical developmente and.

sone attenpt is made to provide an elenentary basis for this"
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VUIXf The rnaxÍmun negative arnplitude of V., during an epileptÍforrn
burst, measured" fron the local inteÍ-burst potential.

VU¿X2 The maxinum negative amplitude of Vo during an epileptifo:m
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Vlrglf Used for both V**, and VUIX2 when dtstinction is unnecessary.

ì7 mlut{AX The distribution mean of V*" within a specified interval of r.

C The burst burst-delay; neasured from the beginning of the burst
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f the distribution *.an of $ , either overall or within a
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A f Fractlon of d values in interval d, d + Ad.

N Nunber of observations in a specified g:roup of data.

O Standard deviation.

ô N Standard error of the mean.
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I. TIflTRODUCTION

The present work was undertaken in the Department of Pharmacolory

and Therapeutics of the University of Manitoba, mainly during the academic

yea;:r 1964-1965. As part of a research program aimed principally at

el.ucidating the fundamental- mechanisms of the epileptiform afterdischarge t

it was suggested that it woul-d be of interest to determine whatr if a4y' is

the reLationship between epileptiform burst-spike delay and the distance of

the point- of recording from the point of the initiating stinulation. Tt

should be noted now that throughout this thesis the wordrspikeris used

to denote pulsatile potential changes of the order of one nillisecond dura-

tion, presurnably to be identifi-ed with classical action potentials; and the

word rburstt is used to denote those slor+er changes in potentialr of the

order of some tens of milliseconds duration, upon r.¡hich, in microelectrode

recordings fron the vicinity of a single neurone,,the spikes are apparently

superimposed. Such bursts evidently correspond to simílar potential

changes which raay be recorded from the cortical surface, the electroenceph-

alographerr s I spikesr .

The most imnediate problem which arises is that the mode of

generation of the burst itself has never been clearly defined. The rburst-

spike delay', of course, is the tine delay, usually a fer¿ milliseconds'

between the commencement of the burst and the appearance of the first spike.

Since the burst and spikes a.re apparently in some respect interdepgndent,

it was hoped that, by studying this paraneter and identifying the factors

upon which it may depend, some progress night be made towards determining

the mode of generation of the burst.

It was initially hoped to record these epileptiform events.

intracellularly; but this l¡as for the most part not achieved. However'

extracellular recordings proved in most respects quite adequate r and in
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te:rns of results considerably more of interest was fou¡d than had been

initially anticipated. A number of parameters in addition to the burst-

spike delay were analysed, and it is evident that there are stilI others

which rright also usefully be studied. Unfortunately, these potentialities

did not become apparent until the experimental acquisition of data was

p:ractÍca11y completed; and some of the data are not well balanced for

statistical analysis of parameters other than the burst-spike deIay.

Nevertheless, much usefuf information has emergedr and the indications for

further study¡ particularly if a conputer can be used for a.nalysis as is

hoped ) are extensive. The potential application of this progress to the

clinical problern of epilepsy is seJ-f-evident; and i-t seems by no means

inprobable that some further concept of the workings of the normal cortex

nay also be forthcoming.
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rT. REVIEW OF PREVIOUS l,fORK

I. TMIRODUCTTON

fn a recent revÍew of reseaxch into epilepsy, Ajmone-Marsan and

Abraham (L961) have estinated that the cunent rate of publication of

papers on this topic is equivalent to one every day; and they have suggested

that this rate is really a manlfestation of continued frustration in attempt-

ing to discover the basic epileptogenic mechanism. fhe present review is

not so nuch historical as an attempt to outline the current state of

knowledge, especially in so far as it pertains to the work recorded ín this

thesis; no particular attempt has.been made to present material in chrono-

logical order of publication, for it was felt that in view of the inmense

volume of published work available, and the consequent unequal development

of different aspects of the subject, to do so would inevitably result in

loss of clarity. For the sane reasons, the published work herein referred

to repreeents what it is hoped nay be an adequate sample of the r,rhol-e, but

certainly no atterapt has been made to be comprehensive. tr'\rrthermore, a

comprehensive historj-cal review coveri-ng much of the sarne materíaI has

recently been written in this depattnent by Reiffenstein (1964).

Experimental epileptic seizures may be prod.uced (Ajmone-Marsan

and Abraharn, f96t) by direct stimulation of the cerebral cortex by neans of

electric cunent, loca1 freezing, or l-ocal-l-y applied drugs (such as

strychnine, eserine, alumina, or penicillin), or by systemically applied

drugs (convulsants). Evidently all of these means but the latter may be

expected to produce that type of seizure known as tfocalr. the designation

'ldiopathicr, applied to clinical epileptic cases in which no origin can be

found for the condition other than presumed genetic, is beconing progress-

ively less applicable as it is realised that a wide range of aetiological
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factorsr biochemical and metabolic as well as p\ysical, may contribute to

the establishment of functional epiteptic foci. Ajnone-Marsan and Abraha.m

Qgel) have suggested that research into seizure mechanisms ma,y be divided

into two categories, firstly studies of intrinsic 1ocal factors such as the

relation of slow electrical potential changes in the cerebral- cortex to the

activity of single cortical neurones, and secondly studies of indirect

factors such as the influence of other parts of the central nervous system.

The present work falls clearly lnto the first of these two categories.

The particular manifestatlon of convulsive activity which is
studied in the present work is the electrically recorded response of the

cerebral cortex to repetitive el-ectrical stinulation, the epileptiforn

afterdischarge. The basic characteristics and possible nod.es of generation

of this response have been exteneively studied by Burns (r95e). Bu¡ns

Qgqg, L95O) and, independently, Kristlansen and Co'rtois (f949) frave

described a nethod for the neuronal isolation of a slab of eerebraL cortex

while still retaining its nutritive blood supply intact. This method, a

slight modification of whieh has been used ín the present work, allows

study of intrinsic cerebral cortical mechanisms without the confusion of

effects caused by lnteraction between the cortex and lower eentres. The

epileptiform afterdischarges which may be elicited in such a slab shortly

following its isolation appear virtually identical to those which may be

elicited in normal intact cortex. However, much interest has centred. on

the fínding thatr in slabs which have been isolated for several weeks or

months, afterd.ischarges once initiated. may last for ma¡y rninutes or even.

hoursr instead of the Inormalr duration which is only a matter of seconds.

Grafstein and Sastry Q957) and Sharpless and Halpern (tg6Z) have followed

the progress of this change from racutettotchronicrresponse, the l-atter

by neans of permanently implated electrodes. Spontaneous electrical
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activity may be recorded" from the chronic slab as littte as two weeks after
its isolation, as conpared with the acute slab which is generally considered

to be electrically silent (lurns, 1958). The slab develops decreased

threshold for initiation of epileptiforno afterdischa.:cges, and the nean

afterdischarge duration increases, over roughly the sane period. A m:mber

of investigators (nchtin, 1959; Sharpless and Ha1pern, I)62; and

Reiffensteín, I)6{) have suggested that these characteristics of chronic

isolation nay be due to the development of denervatÍon supersensitivity to

chenical mediators; Sharpless and. Halpern pointed out that the tine taken

for their appearance is approximately the same as that required for the

developrnent of denervation supersensitivity in peripheral structures.

Clinical epilepsy night thus be erpected. to resul-t fron fr:¡rctional denerv-

ation of some part of the brain due to growth of scar tíssue or a tumour.

An lnportant byproduct of work on such evoked responses as the

epileptiforn afterdischarge is knowledge which nay be acquired concerning

the structure and function of the no::sral brain. Indeed,, sueh knowled.ge

nust ultinately be of far more signíficance than that concerned specific-

ally w'ith the origin and treatment of epilepsy; and in fact it seems doubt-

ful whether the latter can ever be fu1ly comprehensive in the absence of

the fo:mer. rt has been frequentry pointed out (e.g., Burns, l-g|,}) that

procedures such as direct electrÍcal stinulation of the cortex must cause

nany cells to fire together which would never do so in the eoulrse of norraal

functíon; nevertheless, fron any response it should" be possíble to draw at

least some conclusions regardÍng the structure producing it, arrd this should

be so even if the structure itself has been interfered T¡rith, providing that

the nature of the j-nterference is known. However, most published descrip-

tions of experimental investigations of cortical physiology do not concern

themselves moxe than incidentally with the inplications of their work in
this direction.
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There seems, in fact, to be a fairly wide dichotony between

publications dealing primarlly with specific investigati-ons of the va¡ious

evoked responses of the cortex and those dealing with the properties of the

cortex as a whole. The former are largely concerned in their interpreta-

tj-ons with effects that might be e¡pected to arj-se at the Level of the

single cell, or as a result of interaction between large numbers of cells

while stitl reflecting the properties of the single cell; in short, their

interpretations are largely within the bounds of classicaL neurophysiology.

Papers of the latter type, on the other hand, are often not written by

physiologists at all, but by physical scientists who see in the inmense

nr¡mber of interconnecting neurones which comprise the cortex a systen which

should j-n some way be amenable to statistical analysis. The remainder of

this review is occupied for the most part in summarising knowledge which has

been acquired by investigators usi-ng one or other of these two separate

approaches.

Atternpts to integrate these two approaches have been rather few

and far between. One of the nost notabl-e experimental contributi.ons has

been the histological work of Sholl (1956); and a good statenent of sone

of the problems involved, both the direct problerns and the underlying

'mind-brainr problem, h4s been provided by Eccles (tgll); these contribu-

tions a,lso wí1l be further discussed in the pages that folIow. If the

present work can lay ar¡,y real clain to originality, it ís perhaps chiefly

th.at, while the initial intention was to remain well within the bounds of

the'single cel-ltapproqch, some of the conclusions finally drawn suggest

that the rstatisticalr 4pproach, and, more important, the truly integrated

approaoh, may also usefully be brought within the bounds of experi¡nental

physiolory.
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2, TIIE STRUCTURAT BASIS FOR CORTICAT ACTIV]TY

îhe histology of the cerebral cortex has been widely studied,

and nany of the anatonical- features of ttypical-r individual neurones are

well- known. Shol1 Qg>A) nas suggested. that there axe really only two

basic neurone types in the cortex, stellate cel1s and pyramidal cells. The

fo:mer are most concentrated in regions concerned with the reception of im-

pulses from sensory receptors; and it is the latter which have been most

generally implícated in the genesis of evoked responses, lncluding the

epileptiform afterdischarge. The most prominent pyramidal cells have large

eomata in layer V fron which their aJcons and basal- dendrites project towards

the underlying whÍte matter, and their apical dendrites as branching trees

towards the cortical surface.

The so-calLed fneurone doctrÍner, the fundanental theÈis 'of t¡hich

is that the neurone is the basic structr:ral unit of the nerrrous system, has,

as Bullock (f959) fras polnted out, come to be understood as implying that

the neurone ie also the basic fu¡ctional unit. The ti¡ce has come, Bullock

suggests, when this inplication rnust be to soloe extent revised. Thus there

is much evidence that the axonal menbrane, including probably the membrane

of the axon hillock, is specialised in, a ma.nner not shared by tþe sonatic

and dendritlc rnenbranes, and that only in the axonal membrane c4n a regen-

erative action potential be established (see also Clare and Bishop, L955;

Eccles, L957; and Grundfest, 7958). Conduction in the soma and dendrites

nust therefore be decremental, and. this neans that labile and integrative

processes are not restricted to synapses as would- be the case if a possible

outcome of all synaptic activity were the innediate establishnent in the

vicinity of the synapse of a regenerative action potential.

ConsiderabLe interest has centred particularly on the role of

the apical dendrites both in no::mal cortical function and in thç genesis of
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artificially evoked responses. A large area of the nenbra¡e of the apical

dendritic tree is occupied by the receptor sites of axo-dendritic synapses;

indeed, it has been suggested that this nay be one reason why the d.endritic

membrane diffezrs in behaviour from the e¡ronaL mernbrane (Eccles , l-957 , L964).

Afferent activity in the aJrons may thus be expected to establish tra¡sj-ent

potential differences across the dendritic nenbrane at one or narqr sites.

The manner in which such potential differences night be e:çected to spread

by decrenental conduction throughout the branching tree and to the soma has

been worked out nathenaticatly by Ral1 Q9AZ, L964), and, usi.ng RaIl's

calculatíons as a basis, has been studied in a modeL by Sances and Larson

(1965). The basic concLusion is that transient potential differences

established in the dendrites, presunably more or fess pulsatile in the

inmediate vicinity of their synaptic orig'ins, will become diffuse and

attenuated in the course of conduction to the somao and will combine with

similar potential differences from throughout the dendritic tree to produce

only slowly'varying modifications of the somatic nenbrane potential.

Experirnentallyr this same general conclusion has been reached by

a nurnber of investigators. Cla¡e and Sishop (L955) suggested that synaptic

activity in the dendritic tree may result in either facilitation or inhibi-

tion, depending on the induced. polarity, of activity induced in the soma by

axo-sonatic synapses. Bishop (tgSe) went on to poi.nt out that the output of

one neurone is thus influenced. by the integrated activity of the nany other

neurones whose axons forrn synapses with its soma and dendritíc tree; and

thus the single neurone is a fundamental unit of co::tical integration.

Sinila¡ conclusions have been reached by Chang (lglg), Andersson (1965), and

1,\1411 (1965); an¿ the latter two investigators have record.ed. small spike-like

potentials which they have identified as individual excitatory postsynaptic

potentials appearing in the dendrites. Gloor "J "1. (f96I) have
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implicated a similar transmission of activity via dendrites to sonata in the

genesis of epileptic discharges in the hippocarapus. pinsky (1965) has sug_

gested that decrementally conducted. potentials in the dendrites nay still be

of sufficient amplitude on reaching the soma to themselves initiate action

potentials without arqr need for additionaL 4xo-sonatic synaptic activity.
Fox and 0tBrien GgAÐr hrith the aÍd of a. computer, have shown that the

probabilíty of firing of a single ceI] follqwing sensory stimulation coures-

poads closely to the average potential recorded at the same point following

the sarne stimul-ation but after destructiqn of the cell whích had been

firing. They suggest that this average potential, which thus evidently

controls the probability of firing, might be a su¡nmatÍon of electrotonic-

ally conducted somatic and dendritic postsynaptic potentials; though it
might also be merely a summation of discharge potentials from other cel-ls

in the vicinity.

Ïnvestigations of the relationshíp between single cel1 activÍty
and the electroencephalograrn (nnC) record-ed at the cortical surface have

produced contradictory results. A number of investigators have reported,

finding no relationship at all (g.g., Mountcastle et aL", I)JI). However,

Enomoto and Ajmone-Marsan (tg>g), verzeano and Negishi (1960), Goldensohn

and Purpura (t)61), tr'romm and Bond (1964), and others have alr recorded

increased single cell firing durÍng surface positive EEG waves, and vice

versa. This suggests that cells fire most readily when their deeper parts

are depolari-sed and their superficial parts polarised, i.e., as might be

expected, when their somata are depolarised a¡rd their apical dendrites are

not" Fromm and Bond suggested that dendritic depoLarisation, correspond,ing

to negative EEG waves nay actuarly inhibit cell firing" Brazier (tgSS)

pointed out that the periodicity of EEG waves .'åe of the order that might be

expected fron dendritic conduction tines. clare and Bishop (r9¡5) ana



_10_

Schnidt et al. (tglg) likewise suggest that the EEG probably results fron
dendritic activity. KÌee et al. (r96j) have used cross-correlation

analysis to show a close correlation between EEG waves and. slow changes in
single ceII membrane potentials; they suggest that EEG vraves reflect integ-
ration of me¡nbrane potential changes in both dendrites and. somata.

A corollary of these concepts centring on decremental dendritic
conduction is the possibility that differentlal depolarisation within a

single neurone night resul-t in repetitive firing of that neurone and thus

provide a ÞasÍs for seizure discharges. An action potential induced in the

axon hillock region of the soma r,¡ould be erpected to cause antidromic

decremental- conduction in the dendrites; the resul-ting dendrii;ic depolar-

isation wouLd persist after the sona membrane potential had recovered, and

under the infLuence of the dendrites the soma woul-d again be d.epolarised to
generate a further action potential. A mechanism of this type was proposed

by Surns (fg¡g), a¡ra studies of radial- co¡tical potential gradients have

given support to the theory (g.g., Burns, I95B; pinsky, f)6I; and Orleary

and Goldring, 1964). trrlard (L96r) observed that the sane effects would

¡esult if the dendrites beca¡ne permanently depolarised as a result of some

abno::mality sgch as d.eformation by astrocytic gliosis; anatonical evidence

is consistent with this possibility. More recently, Atkinson and Ward

(L964) have suggested that this depolarisation may extend to the soma as

well- as the dçndrítes, with the resultlng ::epetitÍve activity restricted
entirely to the axon. A somewhat dífferent possibility, whire still
retaining the same capacity for repetitive discharge within a singLe neurone,

is that axonal collaterals may fo:n synapses with the dendritic tree of their
olJn neurone; B-ecremental conduction in the dendrÍtes woul-d provide the time

delay nece$sary for recovery of the axonal membrane following each circula-
tion of activlty (Chang, I9j9; Beritoff , Ig6Ð.
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fhe present discussion has thus far been restricted to consider-

ation of the structure of a single cortical neurone and the manner in which

activity night be erpected. to occur in such a neurone. ft is necessary

also to consider briefly the nanner in which such neurones interact.

Sholl (tgSS), from his histological studies, has related dend-

rltic densítyr in te:rrs of the number of dendrites crossing unit surface

arear to distance from the soma; in general this dependence is an inverse

exponential. Uttley (tglS), assumi-ng rand.om axon growth and that if an

anon and dendrite approach within a certain cortical distance a functional

synapse results, has used Shollrs results to calculate the mean number of

synapses to be expected between specified axonal and dendritic systems. lt

is possible that, in chronically lsolated cortical sl-abs, this rconnect-

ivity' rnay be greatly increased as a result of collateral sprouting from

intact alcons in the vicinity of degenerating neuronal structures

(Strarpless, I)6Q)" Mountcastl-e et al" (tgX) found that the potential

field d.eveloped around, an active cel1 extend.s with significant rnagnitude

through a sphere of more than a hundred microns diameter; they suggest that

in view of the knor.'rn proximity of neighbouring cells ephaptic interaction

may be posslble. Such interaction has been shown to occur between

inrnediately adjacent axons (g.g., Rosenblueth, l-94l-E and Renshaw and

Therman, r94r), arthough Burns (rgfa) has estimated that potentials nore

than ten times those considered physiologically normal wouÌd be necessary

for it to occur in the cortex, fn any event, there seem to be very

adequate grounds for the frequently nade assertion (".g., Lashley, Lg|,Z)

that every cortical cell must be indirectly connected to every other

cortical cell; and that activity in any one cell may therefore be expected

to influence activity in at least a very large number of other ceLls.

this evidently provídes the baeis for a tdivergentt aspect of cortical
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integration. There also appears to be a sinple structural basis for the

possibility that activity once iniüi-abeùmay-rssirculate indefinitely along

so-call-ed'reverberatingt orrself re-exciting' neuronal chaíns. Burns

(tgSl) tras suggested that, in vÍew of the erperimental observation (Sperry,

1947) that multiple incisions in the cortical grey matter have no evident

effect on learned responses or béhaviour, the only reasonabLe conclusion is

that all intracortical pathways are duplicated by extracortical (cortico-

cortj-cal) association pathwaJs. This does not seem entirely satisfactory;

however, the matter will not be further discussed herein.
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1. TM GENERATION AND TRANSMISSION OF CORTTCAI ACTIVITY

General discussions of evoked cortical potentials have been

províded by Brener (fgæ), Burns (fgle), Chang (tg>g), and Orleary a.:ad

Goldring (1964). On the basis of Burns' (t949, r95o) observation that a

neuronally isolated slab of cerebral cortex is electrically silent, it may

be argued that all cortical potentials are in fact evoked potentials.

Cortical potentials may be recorded either grossly fron the surface as in

an EEG, or by means of a microelectrode from the vicinity of a single cel-l.

The only sure way to record exclusively fron one cell- is to have the micro-

electrode tip inside the cell; however, much can be gained from rqcordings

in which the microelectrode remaj-ns extracellular, and, apart from the

l-esser technical difficulties involved, the cel-l- itself remai-ns ündarnaged.

Recordings made with surface electrodes show only slow variations in

potential, of the order of tens or even hundreds of milliseconds; while

microelectrode recordings show slow variations too, and al-so spikes which

are presumably action potentials. ft was mentioned in the previous sub-

section that sone correlation has been noted between surface positive

EEG waves a¡d increased firing of single neurones. However, the primary

purpose of the previous subsection was to define those nodes of activity

which appear potentially possible in the light of known anatony; whereas

the intention here is to consider the physiology of actÍvity patterns

which actually occur.

In general, slow potentials recorded through microelectrodes

from the vicinity of single cell-s have been identified r,¡ith postsynaptic

potentials. Eccles (tgSl) pointed out that the durations of-slow cortical

potentials were often of the same order.of nagnitude as those of known

postsynaptic potentíals recorded from spinal motoneÌrrones; and Grundfest

(tg>A) nas reported pharnacological confirmation of this identity.
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Gfoor et al. (tgíl) trave attempted detailed identification of the various

components of composite postsynaptic potentials observed in hippocarnpal

neurones as a result of afferent volleys. purpura and McMurtry Qgel),
in investigating the effect of appÌied polarisation at the cortical

surface on single ce1l activity, found changes in presumed postsynaptic

potentials which might be attributed both to the expected direct effect

on the postsynaptic membrane a¡rd al-so to polarisation of the presynaptic

terminals. Kl-ee and offenroch (1964) 
"ttd Nacimiento et ar.(1964) irave

recorded two depolarising shifts; oD.ê following closely after the other,

in cortical neurones following electrical stimulation of thalamic.nuclei.

They suggest that the second of these shifts results from axo-dendritic

synaptic activity more remote from the soma, where the shifts are

presumed to be recorded, than that causing the first; though Klee and

Offenloch point out that a simiLar double shift woul-d resuft from separare

rfastt and tslow' thalamo-cortical pathways.

In addition to the two depolarisÍng shifts, which they identify

as excitatory postsynaptic potentials, Nacimiento et al also observed at

1ow frequencies of stimul-ation a subsequent hyperpolarisation which they

consider to be an inhibitory postsynaptic potential. Similar observations

have recentry been made by andersson (r96j). rdentification of such

hyperpolarisations as inhibitory postsynaptic potentials has Ín fact been

fairly comnon' especially in work on induced epileptiforn afterdischarges;

and such work has also provided occasion for studíes on the rel-ation of

slow potential shifts to action potentials. Goldensohn and Purpura (f9Ø),

using epíleptogenic lesions produced by local freezing, found that menbrane

hyperpolarisation was invariably accompanied by inhibition of action

potential fi:ring' whereas depolarisation might or night not potentiate

such firing; they suggest that these effects result from a combination of
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other hand, studying chronic al-umina-induced epileptogenic foci, found

that the excitatory postsynaptic potential-s recorded in norma1 cortex

were abolished, though action potential spikes continued to occur. As

nentioned in the previous subsection, they interpret this to mean that the

neurone somata are pennanently depolarised, perhaps due to loss of inhibit-

ory afferents, so that activity is restricted entÍrely to the axons. Sar,ra

et al.(I96t) titcewise relate the prolongation of afterdischarges in strych-

ninised cortex to interference by the strychnine with inhibitory synapses.

Ralston (fg¡e) investigated the manner in which interictal

epileptiform activity in the vicinity of chronic penicillin-induced foci

may develop into ictal- discharges. He concLuded that randomly occuning

ínterictal epileptiform bursts do not nerely become thenselves coordinated

into an ictaJ- discharge, but rather that they in some way facilitate the

developnent of such a díscharge. l{ore recently, Matsumoto and Ajmone-

Marsan (t964a, f964b) have used intraceLl-ular microelectrodes to study

both interictal- and ictal events in penicillin-induced foci. They refer

to the individual epileptiform bursts as rparoxysmal depolarisation shifts

(fOS)?r oD which may or may not be superimposed individual action potentials.

The interictal PDS is often followed by a hyperpolarisation, and initiation

of an ictal discharge is characterised by shortening and disappearance of

this hyperpolarísation and increased frequency and change of shape of the

PDS. The menbrane potential finally appears merely to oscillate, the

amplitude of the oscilLations being nore or less proportional to the

amplitude of a prolonged depolarisation on which they are superinposed;

the amplítude of the oscillations roay also be increased by applied electri-

cal. stirnulation which is presumed to activate both inhibitory and excita-

tory synBpses. lernination of an ictal discharge is apparently the resul-t
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of excessively long depolarisations developíng between the oscillations;

eventualLy the oscillations become indistinguishable from interictal PDS.

Not all cells show the same activity during the course of these events,

however. Some cells do not appeax to take part in the ictal discharge

at all, and may either remain passive or continue to undergo PDS of lnter-

ictal type. WhiLe acknowledging that PDS and hyperpolarisations may

correspond at least in part to excitatory and inhibitory postsynaptic

potentials respectivelyl Matsurnoto and Ajmone-Marsan do not commj-t them-

selves on this identity. Àction potentials may be recorded in the absence

of any apparent PDS; and the PDS themselves vary in shape over a wide

ra¡lge. The change in shape which occurs during an ictaL discharge in the

PDS recorded extracellularly is related by Matsumoto and Ajnone-Marsan

(t964c) either to a transltory faih;re of activity to invade some part of

the neuronal membrane or to a transitory neuronal swelling. Matsunoto

Qgeq) suggests that the PDS may even be an independent all--or-none

phenomenon arising as a result of some fundamental modification of

nembrane propertles in epileptogenic cel-ls.

Pinsky a¡d Surns QgeZ) have investigated the conditions

necessaxy for initiation of an epileptiforrn afterdischarge in an isolated

cortical slab by repetitive eLectrical stimulation in the absence of any

pre-existing focus. They have found that a critical mininum number of

neurones, at a critical minimum neuronal density, must be put through a

critical mininum number of driven responses; this results in a critical

minimum level of rexhaustiont, and the afterdischarge apparently

cornnences during recovery. 0n the basis of these findings, Pinsky and

Burns have developed a mathematical sxpression for the duration of such

afterdischarges. Segal and Lec1ercq (t965) have denonstrated that

centres highly sueceptibl-e to the initiation of afterdischarges by
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electrical stinuLation occur in regions where the convolutions of ryri
and sul-ci result in a high degree of cortical folding. They relate this
fact to the increased neuronal density, especially of large pyranidal cel1s,

which is histologically shown to accompa4y such folding.

Concerning the manner in which electrical activity, once initÍated,
is transmitted through the cortex, it has al-ready been nentioned that the

structural basis exi-sts for neuronal chains and perhaps for ephaptic trans-
mission; and there seems also some reason to suppose that neurones which

are near neighbours may have a tendency to be in the same polarisation
state at any one tine (cragg and Tenperley, 1954; a¡d see forlowing sub-

section). The concept of neuronal chains is of course particularly obvious,

and the idea that activity may reci-rcul-ate in such chains has been frequently
invoked as an explanatíon for various forms of repetitive or retained cortical
activity (s.g., Lashley, L952; Eccles , rgit; Burns , L95B; and chang, Lg59).

The precise forrn which such self re-exciting neuronal chains must take has

not in generar been agreed upon. Hebb (r94g) suggested that repeated use

of a particular neuronal pathway might in some llay cause that pathway to

become more efficient for the use concerned; r¿hiLe continuing disuse would

result i-n a l-essening of efficiency. Beur]e (ryse; and see forr_owing sub_

section) applied the sane concept to his theoretical approach. Eoc1es

(tgSl) suggested the experinentally established phenomenon of post-tetanic
potentiation as a possible basis for such an effect. ft is evident, however,

that any effect of this type would favour the establish¡nent of precise

neuronal pathways to which activiïy of ar¡y particular forn, repetitive in
the case of closed pathways, would be restricted; and there is much

evidence that this Ís not the case. Thus smith and sni th (1964), in
analysing records of spontaneous single cell firing in the cortex, have

found that action potentiat spikes occuï in bursts of random frequency and
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duration wÍthin which the frequency of the spikes thenseLves is also

random. Applied stimulation changes the frequency of the bursts but does

not affect that of the spikes within the bursts; whereas if the spike

activity resulted from recircul-ation of activity in closed chains, i-t

might be expected that Iocal polarisation due to stimulatíon would alter

the cell excitation threshold a¡rd change the firing frequenc¡i. l'rith regard

to the epileptiforn afterdischarge, Burns (fgfe) has pointed out that a

single applied shock of sufficient strength to excite al-I avail-able neurones

einuLtaneously should abolish an afterdischarge it it were d.ue to activity

in closed chains; and this does not occur.

A more satisfactory concept of the manner in which activity may

appear to recircul-ate is perhaps provided by postulating simply that ít

nayrreverberaterwíthout any implication that it necessarily does so in
rreverberating chainsr. Verzeano and Negishi. (1960), while acknowledg"ing

that a regularly repeating EEG pattern must result from regularly repeat-

ing activity of some gort, have pointed out also that activity which

appears at a series of recording electrodes in a particular order on one

occaslon rnay subsequently appear in different and apparently quite

unrelated orders. Burns and Smith (f962) found that repetitive stimula-

tion at any one point in the cortex would. modify to a greater-or lesser

extent the post-stimulus histogra.n of cells at any other point; a¡.d that

the same effect resuLted from physiological sensory stinulation. They

suggest that activity in the norrnal brain is in the form of complex

spatíaI and tenporal patterns, modifiable by stimulation, and distinguish-

able fromrbackgroundt spontaneous activity only because of the very J-arge

nunber of neurones i-nvolved in each pattern. This is evidently similar

to Lashleyts (f95e) concept ofrtrace systensr and, to other theoretical

approaches to be summarísed in the subsection following. Stefanis and
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Jasper (L9þ4) and Andersson (t96!) suggest that cortj.cal inhibition,
possibly in the case of pyramidal cells by their ovrn recurrent col-Laterals,

may serve to give increased rcontrast' between ceLls r,¡hich are involved

in an activity pattern and their neighboi.rrs which are not.

Àdrian (tglø) showed that repetitive stimulation of a point on

the cortical surface causes activity to spread outward. frorn that point in
a manner analogous to waves. The nore prolonged the stinulatíon, the

greater becomes the distance over which the waves spread., but the l-ess

beeones their velocity. ff the stimulation should be ad.equate to set up

an afterdischarge, Adrian found that only initially is the afterdischarge

pattern referrable to the original stinulated point as rfocusr. sub-

sequently the activity becones complex, and the original stimulated point

Loses its unique ldentityi Adrian found that this effect was more pro-

nounced in the cat and nonkey than in the rabbit. Burns (tgSl), Ín seek-

ing a nechanism for rpositive afterburstsr, suggested that the excit-

ability of some cortical neurones increases with each discharge and. may

thus result in the establishnent of multiple foci remote from the point

of stirnulatj.on. Chang (tgZt) tras shown that waves of excitation in catsr

auditory cottex, having periodicities in the order of one hundred milli-
second"s, are preceded at a distance of about a quarter wavelength by

waves of increased excitability; he suggests thÍs may in some way be

analogous to excitability changes observed in spinal nerr:rones following

stirÂulation. Lindsley (tgSZ) has related Chang's observations to nornal

cortical excitability patterns.

Ït is evident that in chronically isolated cortícal slabs the

no::maL pattern of spread of activity may in several respects be nodified.

Eccl-es (tgSl) tras observed. that during chronoatolysis in the spinal cord

monosynaptic pathways are temporarily replaced by, polysynaptic pathways;
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the latteï rnay result from col-l-ateral- sprouting from intact fibres

adjacent to those which are degenerating. Sharpless (1964) points

out that sprouting and subsequent regeneration, both of which occu:r

throughout the centraL nervous system ¡ ma,v resul-t in the establish-

ment of synapses whích are functional in the strictly locaL sense but

which are physiologically quite inappropriate. Salsa et al. (L96j)

suggest that l-oss of inhibitory synapses, such as they postulate to

occur as a result of strychninisation, may facilitate the spread of

activity along neuronal- chains. Finalll, ít has already been men-

tioned that denervation supersensitivity to chemical nediators, which

effectively implies increased synaptic efficiency, may also be of

i-mportance in facilitating the spread of activity in chronically

isolated slabs.
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4. -TTüO,NETTCÂT., APPROACI]ES TO TT{E STUÐY OF Tf{E CORTEX

i¡/hile the manner in which a single cortical neurone may be

expected to behave under various conditions has b.een reasonably well

established by direct experiment, the nanner in which large numbers of

interacting neurones nay behave has remained considerably l-ess c1ear.

Approaches to the elucidation of this problem (Gerard, 1p6o) have

remained mostly theoretical-. cragg and Temperrey (l!!{) have suggested

that the degree of interaction between cortical neruones may be sufficient
for the cortex as a whol-e to behave as a cooperative assembly, i.e.,
that it may have properties qualitatively distinct fron those which

woul-d result from a simple sunmation of the properties of a single

neurone. The nost widely known exaraple of such a cooperative assenbly

is a ferromagnetic crystal in which interaction between individ.ual atoms

resul-ts ín the fonnation of domains; at temperatures above the Curie

point the interaction is sufficiently strong to cause the whole crystal
to be occupied by a single domain and thereby to become a nagnet. rf
it could be demonstrated that corti-cal neurones in some vray exist in
analogous domainsr presumably in this case dornains of polarisation

state, the lmplications would clearly be of fundamental importance.

cra.gg and Temperley, using the histologicar data of sholr (tgs6),

estimate that the obse:r¡ed degree of interneuronal- connectivity could

hardly fail to give rlse to such effects. A nr¡mber of recent works

have presented rnathenatical analyses of cooperative processes, mainly

with regard to magnetisrn (g.g., Bates, 196r; and Mattis , L965); more

general approaches are provided i-n works on classical statistj.cal-

mechanics (g.g., Fowler and Guggenheim, Ig1¡g).

Unless all cortical neurones are connected in cl-osed circuits,
for which there j.s no positive evidence and much negative, it seens
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that sone mechanisn such as that of neuronal donains must be implicit

in Lashleyrs (rgæ) concept of rtrace systemsr. Lashley supposes that

the same neurones in different permutations may participate in narqr

different such systems, each system maintaining rtracesr of some

particular habit or memory; the dominating systen at any particular

moment is a fu¡ction of afferent activity. ft has already been mentioned

that Burns and smith Qgez) have arrived at a simil-ar concept as the

result of experimental- observationo T.'hey suggest that, i-n order to

retain specificity, the outputs from all neurones involved in aqy one

response must somewhere converge on an indivídual ?detector cellrn

A comparatively early mathematical_ model applicable to the

cerebral cortex, which in many respects remains the most attractive,

is that of Beurle Qg¡A). Beurle considered a mass of neurone-like

cells connected j-n a statistically defined manner in accordance with

the hÍstological observations.of shorl (tgS6). He showed that a wave

of activity initiated in such a mass will be propagated through it.

However, in order for the amplitude of the wave to remain constant, a

certain critically sized ínitíatíng disturbance is essential-; too smaIl

a disturbance will give a wave which rapidly dies out, whereas too

large a disturbance will give a wave which wíll increase in arnplitude

until it eventually invol-ves all availabl-e cell-s simultaneously and is

thus 'burned out?. If it can be assumed that the excitation threshold

of a ceIl in some way decreases as the number of excitations increases,

it can be shown that the mass of ceIls nay be abLe to modify 'its

response to stimulation on the basis of previous rexperi-encer. Lashley

(tgsz) has suggested that, if cortical activity can be thought of j-n

terms of waves, retained and repetitive activity may perhaps be thought

of in terrns of standing waves and interference patterns; somewhat
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sinilar concepts emerge from Beurlets nodel. It may be noted that in

the present context the termstwaver andrdomain' appear to be rnerely

different expressions of the sane fundamental coneept that neuronal

assemblies may exhibit cooperative properties.

Stahl (1965) has reviewed theories of self-reproducing

automata some of which appear to be of potential application to explain-

ing the mechanisrn of repetitive actívity in the cortex. 0f particular

interest is von Neumannts rtessel-ationr, or cel}ular, nodeÌ in which

events occrrr on ar. infinitely large grid of squaxes. Each active cel-I

(square) transmits pulses to neighbouring quiescent ceLls, and thus a,rSr

aTnay of activity is able continually to reproduce itsel-f by moving

through short distances. PossibLe expJ-anations of the mechanism of

repetitive activity arise also in 're-entryr theories of cardiac fibril-

lation (g.g., Moe et aL.,I94l-; and Orias et a].,1950).

Farley (1962) has assembled sinulated neuïone nets within a

conputer and has shown that the resul-t of stimulation depends on the

nature of the rinterneuronalt couplíng. In 'tightly coupledt nets, in

which each element is connected onì-y to its nearest neighbourîs, the

predictions of Begrle (7956) were largely confirmed, i.e., the excita-

tion either 'dies outf or rbu¡ns outr. In rloosely coupled' nets,

however, having a significant number of longer connectíons, rbackfiring'

of excitation may occur by conduction of impulses via these trong

connections from the excited wavefront to beyond the refractory area

which inevitably develops immediately behind the wavefront. This gives

rise to the possibility of various patterns of oscillation, the principal

characterising factor being the refractory period of the individual
tneurones | .

At the level of the single ce1I, the work of Rall (1962, 1964)
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in prediciting the mode of conduction of impulses ín individual dendritic

trees has already been referred to. Recent application of computers to

the analysis of data recorded fron single cortical neuïones (".g.,

Gerstein and Kiang, ]-960) has opened the way to investigation of the

manner in which single neurones are invoLved in gross activity patterns.

Smith and Smith Ggeq, L965) have analysed the frequency dÍstribution of

spontaneous action potential firing in single cortical neurones (see

previous subsection). 0n the basis of their resuLts they have developed

a mathenatical model (Smi-tfr and Smith, 1965) in which a neurone is gated

ronr or 'offr; firing occnrs with a Poisson frequency distrÍbution onì-y

when the neurone is 'onr.

A number of recent models have retained the basic concept of

a ra¡domly connected network while superirnposing various other properties.

Freeman (f964) has considered such a case in which the interneuronaL

connections have the properties of transrnission lines; the connections

tennj-nate randonly j-n accord.ance with the histological observations of

Sholl QgSe)¡ and the resulting neuronal interaction is assumed to be

mainly inhibÍtory. An interesting outdome of thís model, in accord with

the experinental observations of Burns (ryq9, 1950), is the prediction

that elirnination of afferent noise in the netr¿ork should resul-t in total

electrical sil-ence. Gerstein a¡rd Mandelbrot (1964) postulated that

variations in neuronal membrane potential- resulting fron afferent

synaptíc activity may be distributed as a modified randorn walk; they

were able to denonstrate reasonabÌe agreement between results predicted

on this basis and observed frequency distributions of spontaneous

cortical action potentials.

Freeman (1964) pointed out that the naintenance of stability

in a large popuì-ation of spontaneously active interconnected elements
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presents a theoretical problem of sone ma€lritude. Bvidently any cortical

nodel r,¡hich is to be at all realistic must of necessity incorporate some

solution to this problem. Ashby (fg!O, 1960) has considered the general

case of a large number ofrdynarnically active partsr connected at

random and free to interact. He observes that if all the parts themselves

a¡e stable the whole can be equivalent to nothing more than a collection

of the separate parts; in all other cases there is an intrinsic bias to

instability whÍch increases proportionately to the nr.i-nber of parts and

the degree of connectivity. Nevertheless, having considered these

problems Ín the light of observed cortical behaviour, Ashby (f960) fras

evolved a comprehensive mathematical modeL to demonstrate the capacity

of such interacting systerns for adaptive behaviour. Offner (f965) iras

shown that the marimum useful conplerity of a random network which is

to be adaptive is limited by the signal-to-noise ratio. A number of

experimental observations which appeax to have some bearing on this

problen have already been referred to (Burns and Snith, 1962; Stefanis

and Jasper, 1964; Andersson, 1965; and see previous subsection).
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rII. E)PERTMENTAT METT]ODS

1. PREPARATTON OF NETIRONATTY ISOTATED ST4BS OF CEREBR.A,L CORTEX

(") A9gt9 Isolation

cats of eÍther sex weighing between 2.0 and 4.0 ks were used.

Anaesthesia was induced by placing the cat in a closed wooden

box having a glass door for observation and a srnall- upper compartment

separated fron the rest of the box by a lv-ire gauze partition on which

was placed an ether-soaked pad of cotton wool-. V,/hen surgical anaesthesia

was attainedr.the cat was transfemed to the operating table and secured

on its back. Anaesthesia was temporariry continued by a cone-shaped

mask containing an ether-soaked pad which was held over the catrs nose

and mouth. The trachea hras exposed and cannuLated, and. anaesthesia

was thereafter maintained from a variabl-e-bypass ether bottle connected

to the cannula by a short potyethylene tube. A.n air inta]<e ïras provided

at the cannula in addition to that at the ether bottle in order to
reduce the effect of the dead space represented by the volume of the

tube; in some erperiments, a two-way respiration valve was interposed

at the cannul-a. A suitable level of anaesthesia was esti.mated from

the catrs reflex and respiratory behaviour, and was maintained by

adjusting the ether bottle bypass valve as required.

The right fernoral veÍn was cannul-ated. at this stage to

provide a route for subsequent administration of drugs and flulds.
The cat was then turned over and its head cranped in a

Cze::mak holder. A nidline scalp incision was made and the sealp was

separated from the temporar muscle on both sideso lhe left temporar

muscle was reflected from the skulr, clamped as far laterarly as

possible, and the free part of it cut off. A dental burr was used to

remove an approximately trapezoidaL area of bone having Íts base along
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the line of inflection which effectively indicates the posterosuperior

margin of the tentoriun cerebelli, its parallel but shorter top a few

millimetres anterior to the coronal suture, its medial.side just lateral

to the rnidline, and its lateral side as far out as the remaining

attachment of the temporal muscle would a1Iow. Bone wax (beeswax and

phenol) was used to prevent bleeding from the venous sinuses of the

skull both while cutting it and on removal. During cuttingr the region

of operation of the burr was kept irrigated with saline at J7"F to

prevent possible entry of air to the sinuses, and also, by washing away

blood and debris, as an aid to visibility. The bone was removed with

as little trauma as possibl-e to the underlying dura, and the latter was

then cut away with scissors; vascular attachments from below were

electrocauterized, and the etçosed pia was kept continuously irrigated

with saline.

A slab of cerebral cortex i,,as neuronally isolated fron the

exposed suprasylvian ryrus by a slight nodification of the method of

Bu.:rns (1949, 1950) and l(ristj-ansen and Courtois (f949). Areas of pia

at either end of the ryrus, as large as possible without infringÍng on

the central straight part of the Ðrrus, r{¡ere electrocauterized. The

cortex from these cauterized areas tÌ,as removed to a depth of a f,ew

millimetres by neans of the rough tapered tip of a glass tube attached

to a water tap aspirator. The posterior hole was deepened at a lesser

diaJnebr to penetrate the lateral ventricle and thus provide a drainage

route for cerebrospinal fluid which might otherwise accumul-ate -and

cause the brain to swell. The slab was then cut by introducing into

the posterior hole a composite kni-fe (flg. 1) which was pushed gently

along with the rounded tips of its two prongs just visible through the

pia and its flat blade as nearly as possible parallel to the pÍal sutface.
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FtG. ¡. cpn4posrre KN¡FE usED FoR rsoLAT¡NG
CENEBRRU C,oKTICAL SLJqtsS. T.HE HANÞLE IS 3/16'
DIAMETER tsRASS ROÞ, THE FLAT EL.AÞÈ \JHIC;H OUIS
THE BOÍTOM OF TT{E SIÁB IS A FIECE OF STEEL
RAZOR BLAÞE, ANÞ THE VERTI9AL PRONGS }JHICH
oul- TTE stÞES oF Ti-{e sr_Ats ARe o. ozg,, sT-Ar,.rLrss
ST'EE¡ WIRÊ. THE AI.JTERIOR EÞCYES OF THÉ PRONGS
ARE ÇROUV Þ MOÞERAT-ELY SHARP, EXCEPÎ THAT T}IE
TorMosl PoR'Ttot'Js, wHlcH Musr BE oBs€RvED TllRouc+l
THE ptA wHtLE OJTTTNG THE SIJB/ ARG ROUNDSÞ OFF
ANÞ MAÞE SMOOI-I-| By Þlpptfv6. tN (Epoxy) Cr¡ag¡¡¡
(eoxoerv cHeMrcAL c.o.) NEw yoRK).
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l¡fhen the end of the knife emerged at the anterior hoIe, the neuronal

isolation v¡as cornplete; yet the blood supply to the slab, descending

who11y from vessels at the pial surface, rÀras undistu¡bed. The Ìarife

was gently withdrawn by the same procedure used for its ínsertion.

The dimensions of a slab thus isolated are determined by

the distance between the anterior and posterior hol_es, and by the

dinensions of the knife. fn these erperiments, the length of viabre

tissue between the holes was never lees than I.0 cm, and usually

considerably more. TLre width and depth, deternined by the knife, $/ere

{.0 and. 1.5 nnl respectively. This depth should be quite adequate to

incrude the whole thickness of the cortex, at least in the centrar

part of the ryrus, since Reiffenstein (f964), using a cut depth of

{.0 mmr found on histological exa¡nination a cortex-to-slab depth ratio

of seldom less than 1-to-2.

Finally, decerebration was perfonned by inserting a stain-

less steel spatula, of the pattern described by pinsky (tgSl), below

the cerebral hemisphere and flat against the tentorium cerebelti, and

cutting the brain stem at the mid-collicular leveI. fmmediately prior

to the actual cutting, the hemisphere was gently raised a rittle from

the tentorium by means of a broad bent spatula, and any visible

vascular connections between the hemisphere and tentoríum were electro-

cauterj-zed. Following decerebration, anaesthesia was discontinued,

the exposed cortex was temporarÍly covered by saline-soaked cotton

wool, and. the cat was transferred to the recording table.

Over the period in which results r^rere accumulated for this

thesis, about 5v/" of the cats prepared for use in the acute state died,

or their cortices beca¡ne avascular, ei-ther on the operating tabl-e or

before supplying useful records. The chances of survival were
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evidently much increased by minimising the total tine of anaesthesia;

and., of those cats which did survive the initial stages, practically

all remained in tolerably good condition for periods ín the order of

twenty-four hours" fn some cases, nutrition and fluid were provided

by periodic intraperitoneal injections of 5y'" glucose in saline. The

body tenperature was maintained at 17 o by means of a rectal probe,

connected in early experiments to an electric heating pad and fan, and

later used to control the tenperature of air blown through a perforated

netal plate on which the cat tras supported; this modification was to

reduce electrical interference in the recording area. At the termína-

tion of experinents, cats no longer required were kill-ed by massive

intravenous injection of saturated magnesium sulphate solution.

(b) Chronic Isolation

In erperiments on chronicafly isolated s1abs, cats were

used in which slabs had been cut in the left suprasyÌvian ryrus

between three and fourteen months prevíously. These cats were in

general heavier than those used in acute preparations, the weight

range extend-ing to 5"0 kg; this was partly due to weight gained

during retenti-on in the an-imal colony, and partly because only large

cats had been chosen for chronic preparations in the first place.

The procedure followed in initíaI isolation of the slab

va¡ied only slightly from that described above for acute preparations.

Ànaesthesia i"ras by pentobarbital (15 
^s/Xs 

intraperitoneally) r,

tracheostomy vlas not performed, and the head was cla,nped only very

loosely to avoid injury. fhe scalp was shaved., opened in the nidline,

and reflected laterally. The left temporal muscle was not removed,

but merely reflected Iaterally also. The area of bone removed was

the nininun that permitted cutting of the slab; and the dura was left
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attached and reflected nedially" A minimal area of cortex was

cauterized at the posterior end of the gy:rus only, and a drain hol-e

of small dia,meter was made to the lateral ventricl-e. The slab was

cut by a procedure similar to that used in the acute preparation,

butrthere being no hole at the anterior end of the gyrus, it was

necessary to isolate the anterior end of the slab by means of a single

wire prong, identical to those attached on either sid,e of the horizon-

tal blade of the knife (fig. f). The prong was pushed along one side

of the slab, moved laterally across to cut the end, and withdrarcr

along the other side. the dura, temporal rauscle, and scalp were

sutured back in their original positions"

These chronic isolation procedures were done under clean

but not aseptic conditions, and in some cases prophylactic antibúotics

were administered (see also Gorchynski, 1964; and Reiffenstein, L964)¿

up to 0.5 Srn streptornycin, and,/or up to 40O,OOO units penicillin,

intramuscularly, the initial- dose half an hour after completion of

the operation, and thereafter daily for the next three to five days.

Íhe cats, if healthy, were then returned to the anj-mal colony.

Re-erposure of a chronically isolated sl-ab for use j-n an

experiment was done under ether anaesthesia and by means of a

tracheostomy as described for acute preparations. The main difference

in this case \¡ras that the temporal muscle and dura, ro iorrg""

separated by bone, vere invaríably found to have fused together;

their removal \4ras consequently less straightforward and more time-

consuming. The erposed area of cortex, once cl-eared, was enlarged

by rongeurs or the dental burr to the size used in aeute preparations.

A hole was made at the anterior end of the slab, and the original

drain hole was re-opened and its upper part enlarged; often this
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necessitated the use of fine pointed scissors to break up the fibrous

scar tissue which had formed around it. In an initiar experinent,

an attempt was made to re-cut along the l_ines of the original

isolatíon; but this turned out to be effectively inpossibre because

of scar tissue. Reiffenstein Ggeq), in overcoming this difficulty,
isolated a larger volume of tissue to incr-ude the original slab;

howeverr this was not done in the present seríes of e>çeriments.

The dirnensions of the chronically isolated slabs r¡,ere some-

what variable, but were in general less than those acutely isolated.

This was partly due to minor variations in the originar cutting

procedurer aTl.d partly due to subsequent shrinkage (see also

Reiffenstein, 1964).

Decerebrati-on was performed as in the acute preparation;

except that sometimes, in order to minimise the time of anaesthesia,

the skull was initially opened on the previously untouched right hand

side and decerebration performed from there before proceeding to

expose the chronically isolated slab on the l_eft"

cats having chronically isorated slabs were evidently in
better physical condition, or better abl-e to withstand trauma, than

those in which the isolation was acute; in the present series of

experimentsr only one such cat died without giving useful results,
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ST.A,BILISATION FOR RECORDTNG

(") Gross Stabilisation

The cat having been transferred to the recording tab1e,

the cut edges of the scalp were tj-ed tightly to a {-rf2 inch diameter

steel ring supported in a horizontal plane by the same stand as that

supporting the czernak holder; the latter had remained throughout

clamped to the catrs head. The steel- ring was adjusted to as high a
level as possible so that the exposed cortex became contained, as it
ï¡ere, in a cradle with sides formed by the stretched-out scalp. This
fcradlet was filled with mineral oil at )ToF, thus covering the cortex

to prevent it drying out or getting co1d. rn some experiments the

tenperature of the oil was maintained by an immersed electric coil,
though latterly it was found simpler to use a heating lamp directed

on to the oil surface and switched on inter:nittently as needed. t/ilith

regard to the erperinents presentry described, the oil temperature

was not found to be particularly critical within a range of a few

degrees bel-ow 17.p"

The stand supporting the czerrnak hol-der and scalp ring, as

weLl as those supporting other iterns of stabilising and electrode_

holding equipment to be described berow, was clamped to a heavy cast-

iron base plate. The body of the cat, lying on its temperature

regulating pad, was likewise supported on this base plate. Thus

these simple aÍrangements aLready described provided a high degree of
gross stabiLity, euite adequate for recording fron the cortical
surface.

/, \toJ\/
fn order

single units, it is

Stabilisation of the fsolated Slab

to record with microelectrodes the activity of

necessary to stabilise not merely the head as a

2.
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whore, within which the brain is by no means a rigid structure, but

also that particular local part of the brain from which it is intended

to record. Movements due to respiration, pulsation of the l-oca1 blood

supply, and swelling of the exposed brain are all- sufficient to

prevent a microelectrode tip being naintained in a constant position

with respect to a single cell for long enough to acquire useful records

of the ceLl-rs activity; and this is particurarly so in the case of

intracellular recordins.

As an in:-tiai step to mininising respi.ratory movements,

transmitted to the cortex both directly and as pressure changes in
the blood vascul-ar system, the cat was immobilised by intravenous

gallanine injection (5 
^s/us repeated hourly), a pneï¡mothorax was

performed, and respiration Ì,ras thereafter maj-ntained by a positive

pressure punp.

A variety of techniques has been designed to achieve local

etabilisation of the cortex" Many of these have used. liquid firled
cha¡nbers attached rigidly to the skull over the ex¡losed area so that

the cortex is stabilised by a gentle direct hydraulic pressure (".g.,
Mountcastle et aL. , 1957; Hubel , 1959; and Mandl , 1965); the micro_

electrode is mounted to be driven verticalLy downward through the

chqmber. A different approach is the spring suspension designed by

Burns a¡d Robson (1960) whereby the microer-ectrode is rendered

vírtually weightless and so free to move with the cortex. Most of

these raethods suffer to a greater or lesser extent frorn the disadvan-

tage that it is a somewhat invorved procedure to change the micro--

electrode from one line of penetration to a¡other. A simpler and

rnore flexible solution is that used by phillips (1956) in which a

celluloid window, having a snall- hole in it for the microelectrode.
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is pressed gently down on the cortical surface.

In the present study it was real_ised that the use of an

isoLated cortical slab provided opportunity for a rather different

forn of Local stabilisation. A rectangular sil-ver trough was made

having the sa¡re cross sectional dimensions as those of the srab

(rig. 2). By means of a perspex handle attached rigidly to one end,

it was possible to push the trough gently into the hole at the anterior

end of the slab and along the isolating knife cuts so that the entÍre

slab becane contained within it. fhe handle of the trough was then

clamped rigidly (¡'iS. t). As in the case of the original isolation
procedure, the presence of the trough caused no damage or interruption

to the slabrs pial blood supply, and this continued to be so for as

long as the cortex as a whol-e remained viable. rn practice, the most

critical adjustment ín the insertion of the trough was the initial
positioning of it ín its clanp (ris. ,(i)); attempts to readjust the

clamp once the trough was installed were liable to prove fatal to the

whole erperiment. The trough was designed to accommodate slabs up ro

eighteen mill-imetres 1ong, l¡hich was always adequate.

By itself, the trough provided protection against move_

ment due to swelling of the cortex and against direct mechanical

movenent due to respiration. rn order to minimise movement due to

pulsation and pressure changes in the blood supply, the trough was

supplÍed with a lid. This was a suitably sized block of perspex

(rigs. t(iiÍ) and 4) into which were set a number of platinum and

silver electrodes for surface stimutation and recording respectively.

The l-eads from these el-ectrodes were conr¡enj-ently 1ed out via a

holl-ow ha¡rdle whereby aLso the rid was slamped rigidly in a stereo-

ta:ric nani-pulator (w.n. prior co.). rn use, the r.id was rowered
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ELEOTR,ICAL LEAD
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FtG. 2. srnBrLtsrNç TRovGH ÞESrGrvEÞ To
CONTATN SLABS CUT tsY KNIFE SHOWN IN FIÈ. ¡. THE
HANÞLE rs e/16" D¡AME,TE,R pËRspEX RoÞ ANÞ ts
SEC^/REÞ TO TI.IE TR9UGH BY A SCR.EW AT tTS BASE

ANÞ Bv (spoxyt cent€ur. TttE t-RoucFr ls MAÞE
FR,o¡"4 o.Oo5" sHa€Î SILVÈR. THr AtrrERtoR EÞGe
OF THE BOTTOM OF T-F'IE ÎROUGH IS FAIRLY SHARP;
THE ANTEKIOR AND UPP€R EÞGES OF lHE SIÞES ARE
ROVNÞÊÞ BY EÉINÇ BEN'I- ÞOVtsL.È. AN ËLTOTRICAL
¡-ËAÞ 1S FROVIÞgÞ SO THAT' THE TROUGH C,A}V BE
USEÞ AS AN Ih.IDIFFÊRENT ELE,CIR,ODÊ"



(¡)

POSTERIOR

SLAB

MrcRo-
ELEClRO

ÞR,A¡N HOLE

RES

ANTER¡OR

TO LAÏERAL

TO TER¡'IINAL

CL ¡r,tP

VENTR¡CLE

BOARD

ï/,
llii

,\
\¡¡0/
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(snorrrnu) secrtor.ts rì:.rRouc+t rHE sLAB
TO SHOV,/ STAGSS lN ¡NsERrroN oF TìlE
TRoúcH: () rur rRouçH, wrn{ rTS HA¡\¡Þ._E

FIRMLY CLAMPEÞ, IS ADTYSTEÞ TIC A SUITAELE

Pos¡rroN. (¡i) îHE cLAMp ts lrosENeÞ ANÞ

T¡-iE TRovGH rNJERreÞ. (iD rHE TRouG.t{ ts

¡N PI-ÂCE ANÞ ¡TS HANÞL.E RE.CLAMPEÞ. AI-SO

snowN ¡N pr-AcÉ ARE THE t-to (see euso
nte. +) AND A MTCRoELEc,TRoDE; THE IJITTER

IS CLAMPEÞ Tp THE BARREL OF A snd. OIL-

DR.ryEN syRlNGE (vor sHowN : sEE Exr).
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SILVER ELECTROÞTS
FOR RECORÞ¡NG

t¡)
PLAT¡NUM ELEO'Í'R,OÞES
FOR STIF4ULATING

/-'it
FÞ

ÏROUCH
S¡JLOUS

FlG.4. stne¡urs¡NÈ LrÞ ( usED wrîH Tß.ovGH AS rN FrG.s), (¡) pLAN
vtEw sHowlr.Jç ARRANGEMENjî OF ELEC-.r-ROÞES. (ii) renrvsveRsE
(canorvau) srcrtorrr sHowtNcr LrÞ u{ poslrtoÞd oN SLABi Tr-tE HANÞLE
0F TÞ¡Ë TROUGH lS w-oT- SHOWNI. 'T-ÌiE UÞ ls MAÞE FRoM SHEÈT- PSRSPEX
ANÞ ITS HANÞLE FRoM I/A",,oursrue ÞIAI',¡EîER' PERSTgKîuBE.
THE RscrRÞrNG ELEC-TR9ÞES (A,8,0, Þ) ARE O.ç,ì6" SILVER W|RE)
ANtÞ Tì-{e Sflnnu¡¡¡¡¡g ELecTRoÞES (K, \ Z> Ag¡g- 0.016" to'/, lRrÞtuM
PI-A.I.IMUM b/IRE. THE ELEç.TRoÞES ARg 6EAÞEÞ A.r- TT.IEIR I,c\^/ËR. EhIÞS
ANÞ Ai<E SE.r IN/ THE LIÞ SO AS TO PROügCT VERY SLIGHTLY TO EhJSVKE
G'OOÞ CÐSTTAC.r WIT1,'{ THE CORÏCAL SU[<FAC-.E. TF{g ENTIRE AREA ON

îoP oi= TìrrE t\þ WHER9 nrg r¡4Rss EMÈRGÆ FROM THE HoLLow HAt\rÞLE
ANÞ Ai{E SOLÞEÊEÞ TO THE ELECTROÞSS Ig C,OV6REÞ FOK PROTggTtON
By T¡R.ANJspARENT Ac,RyLto cEh4Er.{T (runseex ¡N ETHYLENg ÞrcHrsnrue).

V/IRES TO TERMINAL BOARD
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vertical]y on to the surface of the srab, the finar stages of this

operation being best observed through a binocular microscope.

Provided that both 1id and trough had been initially clamped in a

horizontal plane, it was usuarly possíble to press the lid gently down

until the upper edges of the vertical sides of the trough were clearly

visible through it, the two being then separated only by the still
intact pia. The lid was then very slightly raised to prevent i_nter-

ruption of the pial blood supply. The presence of the lid thus applied

was often directly observed to have eliminated previously visible

pulsations. Final positions with respect to the slab of both lid and

trough are shown in Figs. ,(íii) and 4 (ii).

In chronically isolated slabs, since the original isol-ation

cuts were filled w'ith scar tissue and were not re-cut, it was not

lossible to use the trough. However, due partry to their evidently

improved blood supply and partly presumably to the incidental- structural

support provided by the scar tissue, these slabs seemed able to survÍve

a somewhat greater pressure fro¡n the 1id than woul-d have been possible

in acute cases. Such pressì.Lre was in fact applied, and was in general

found to provide sufficient stability to cornpensate for the absence

of the trough.

The microelectrodes used in these experiments were bent to

a right angle in the region where the stern becomes drawn out to form

the shaft; the bending was easil-y accomprished using the frame of a

miniature gas burner made from a l6-gauge hypodermic needle" ldith the

sten mounted vertically, the shaft coul-d then be d.ri-ven horizontally

into the sl-ab from the hole at its posterior end, this being allowed

by the natural curvature of the grrus (rig. r(iii)). The shaft, which

is quite flexibLe, was thus effectively froating in the cortical
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substance, and so this arrau.gement in itself provided a further

contributi-on to stability. A further description of the nicroelectrode

and its mounting apparatus is provided in the subsection following.

It was originally hoped that by means of the stabilising

arrangements described above it woul-d be regularly possible to obtain

intracellular records. However, this did n'ot turn out to be the case,

and intracellular records were obtained on only a comparatively fernr

occasions. The causes for this failure are probably several, but

there seems no reason to suppose that they incl-ude any fundamental

inadequacy in the trough-lid method of stabirisation. This r¿ethod

was designed prinarily to eriminate movement due to the catrs orvn

vital functions, and not that due to external- disturbances which wouLd

in fact quite probably be magnified. such disturbances shourd

obviousry be erininated from the recording area in any case, but it
is arso essential that the various cla"mps and items of stabilising

equipnent, and in particula¡ the nicroelectrode, should be rnounted

on the base plate as rig:idry as possibre. rnadequate attention to

this point is perhaps partly to blame for the present lack of inrra-
ceIlular results. rn addition, concerted efforts to obtain intra-

cellular recordings were discontinued in favour of extracel-l-ular

recording at a fairly early stage in the investigation; and the

microelectrodes subsequent]-y used for this latter prrrpose were by no

neans ideally suited to stable intracel-lu]ar penetration (see.sub-

section following, part (")).

For extracellular recording, the stabilising arrangements

as used seemed entirery satisfactory. rt was regularly possible, on

stirnulating the slab surface at successive five minute intervals, to

record unit activity of a rernarkably constant pattern suggesting that
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relative to the l-ocal cell population significant movement of the

nicroelectrode tip did not occur.
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', 
SîTMUT,ATTON AND RECORDTNG

(") Electrical Stimulation and Recording

A block diagran of the conplete electrical arrangements is
g'iven in Fig. 5; the following is intended to be read in conjunction

with that diagrarn.

The repetitive sti-mulation needed to elicit an epileptiform

afterdischarge was obtained. from Tektronix 160-Series pulse and wave-

forn generators; the waveforn produced by each generator is shown to

its right in Fig. 5. It was convenient to generate the repetitive

pulses in bursts, rather than continuously, so that during the inter-
burst silences the recording oscilloscope couLd be rnonitored for si-gns

of commencing biological Tesponse, A Ha¡nnond Bl5 1;1 transfor¡ner was

used to isorate the stimulus current fron ground. The stimulus was

applied to the cortical surface through any one ox nore of the three

pairs of platinun electrodes provided in the lid_ (Xry,Z in Fig. {);
switching from one pair to another was by means of connections nad,e

to a terminal,board ¡aounted remote from the biological preparation.

No critical study was made in these experiments of the

effects of varying the sti-mulus parameters (see Pinsky and. Bu:ins,

1962), neither vras a4y effect notíced in the ranges used. These rangea

were t

burst interval; 1000-1100 msecs

burst duration: 500-800 msecs

pulse interval ¡ 12 msecs

pulse duration: 2-J msecs

pulse voltage z 20-40 volts (-these are nominaL dial

volts; in fact the cortex presents to the secondary of the

transformer an effective load resistance sufficient to
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reduce the actual stimulating voltage by 5V/" o"

nore (by 6}y'o according to Reiffenstein (f964)

who used similar arrangements).)

Electrical recording was both fron the surface by ar\y one

of the silver electrodes provided in the lid (A'B'C'D in Fig" {) and

from single units by glass microelectrodes" The nicroelectrodes used

were mostly supplied fron the Department of Physiologyr McGill

University, bI courtesy of Dr" B.D. Burns. Outside tip diameters

were 2 - 2-I/2 microns and the shafts were of constant dfa,neter about

40 raicrons to within little more than 120 nicrons of the tip. Avail-

able shaft length for penetration into the slab was 10-14 mn. The

microelectrodes were filled directly from from a syringe vla pbLyb'thyLeri*e

tubing (fn ZO), usually witin 9Ø" saturated sodium chloride giving a

tip resistance 400-700 kohns; occasionally, in attenpting to record

intracel-luIarly, 2 M potassiun citrate was usedr giving stightly

higher tip resistances up to 1 negohm. fn some prelinÍnary exper-

iments, microelectrodes were pu1led from nelting point capillaries

using an MI micropipette pulter (Industrial Science AssocÍates);

these microelectrodes had outside tip dianeters of 1 nicron or lesst

but they were much more fragile and their use \,tas discontinued when

it was decided to concentrate on extracellular recording"

In order to record simultaneously fro¡n two different points

in the cortex, two nicroelectrodes were used in most erperiments. For

both surface and microelectrodesr the indifferent electrode was

provided by the sil-ver trough itself; except that a silk wick el-ec-

trode making contact with the exposed skull bone rrras used Ín chronic

preparations where the trough could not be inserted. All connections

to fluid electrolytes in glass electrodes were nade by chlorided

silver wires.
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Signals from the microelectrodes were amplified by Grass P6

prea.mplifiers, and from the surface electrode by a Princeton TA-2

ampJ.ifier" These amplÍfiers have differential cathode-folrower

inputs. The cat, electrodes, and amplifier probes Ìrere supported Ín

a shielded enclosure on a grounded recording tabler &nd the cat itself
was elso ground.ed via the tooth bar of the Czermak holder" Alsoe mos¡

experiments were performed in a shieLded. room"

The arnplifier outputs were applied directly to three channels

of the Grass Polygraph, and, those origÍnating fron the microelectrod.es

were applied also to the lektronix CA dual-trace preanplifier (tea.n

splitter) and. thence to the l-ower beams of the 502 oscirroscopes.

rn addition, the amplified signal fron either one interchangeably

of the two mieroeLectrodes v,as passed through a resistance-capacitance

hlgh-pasi; filter having a sufficiently short time constant (o.J msecs)

to elininate practlcally all variatlons in potential of time course

longer than that of classical action potential spikee. This filtered
si8nal was applied to the upper beams of the 502 oscirloscopes at

faÍrly high gain, and also to a gated roudspeaker for auditory

monltoríng"

The two 102 oscilloscopes rrere connected in parallel, one

being used for visual monitoring and the other for photographic

recording. In ord.er to conserve within reasonable limits the amount

of film ueed., the camera !,ras turned on its side so that the direction

of notion of the film was at right angÌes to the osoilloscope slreep,

rhe irnage on the film thus appeared as successive sweeps running

transversely with a gradient determined by vector addition of the

film and sweep velocities; this gradient appears in the sanpres

taken from fÍlmed records to illustrate this thesis. rn order to
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avoid overlapping of the images of successive sþreeps on the filrn,

since each sv¡eep involved three independent tæaeesrit was found

necessary to reduce the sweep frequency by triggering the camera

oscilloscope externally from a Grass SD5 stimulator. This provided

in effect an automatic sarnpling, not altogether disadvantageous, such

that the equivalent of only a little more than every al-ternate sweep

was recorded. Ilowever, in recording the chronic phases of afterdis-

charges from chronic preparations (see Section IV, 1) in which epil-

eptiforn burst frequency is comparatively Iow, this 'sarnplingr I,Ias

dispensed with and the triggering was made recurrent. Às a con-

venience, a coûnection was provided from the carnera drive to a spare

channel- on the ?oì-ygraph whereby v¡henever the'camera shutter was open

and the film moving an indicator signal was recorded on the paper

record. The film used in these experiments was Kodak Linagraph

Ortho.

Principal dial- settings on the various items of recording

appararus are sunmarised as follows:

Grass P6 D.C. preamplifiers: amplification 500;
half anplitude frequencies O c/s, 10 kc/s.

Princeton TA-2 D.C. araplifier: .amp1ific.atÍon 1000;
hnlf amnli+ude frequencies 0 c/s, J kc/s.

Tektronix CA dual-trace preanplifier z voltsfcm 0.2.

Tektronix !02 dual-beem oscilloscope,s3 upper beam vertical
sensitivity JO nYf cn; lower bea.n li/cm; time base 20 msecs/cm.

Grass SD5 stimulator: frequency 2.6-r.6 pulses/sec.

Grass Polygraph D.0. driver anplifiers: half amplitude high
frequency 60 c/s.

Grass Polygraph oscillograph: paper speed J-,IO nnf sec during
stinulation a¡rd response, otherwise 0.2J mm/sec,
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In a few early experiments involving only one microelectrode,

the Princeton arnpì-ifier was not used and the surface record was

anplified by a Grass P6. The CA dual-trace preamplifier was not

needed, and in its absence t}re 5O2 oscilloscope lower beam vertical

sensitivities were set at 2 \ffcn. Vlith only two ¡races per sweep the

SD5 was not necessary and the camera oscilloscope sweep was set to

run free.

A simplified diagrammatic srunmary of the usual arrangernent

of the recording equipment is given in Fig. 6.

(¡) Recording of Microel-ectrode îip Position

Fine adjustment of the microelectrode in a direction paral-Iel

to its shaft was by means of an oil filled hydraulic drÍve consisting

of two syringes connected by a length of polyethylene.tubing. The

microelectrode was clamped to the barrel of the larger syringe (5 rf),

while the barrel of the smaller syringe (f mf) was controll-ed by a

micrometer and spring; such a system is described in nore detail by

Burns (1961). Rotation of the micrometer head through one small

divisíon (50 ai-vi-sions per rotatíon) caused longitudinal movement of

the mícroel-ectrode shaft through l-ess than two microns. The syringe

carrying the microel-ectrode was itself mounted on a stereotaxíc

manipulator which provided both the coarse longitudinal adjustment

needed for penetration and the lateraL and vertical adjustment needed

for initial positioning.

In use, it was necessary to arrange that both the micro-

electrode shaft itself and its l-ine of motion provided by one .of

the horízontal move¡nents of the manipulator shou]d be both horizontal

and parallel to the sides of the slab. The rnicroel-ectrode was then
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OSO¡LLOSCOPE

FlG. 6. orRcnnMMATtc svMMARy oF ELEcrR.rcAL
RÈC,ORÞINç ARRAN€TIENTS: VS RECORÞS FROM TTE
SURFACE EL-ECÎR.OÞE IN ITIE UÞ, V ANÞ V¿ FROM

THE MICROeLE.oTROÞES. VF RECOR,ÞS At HIGH GA|N,
THR.OVCH A HIGH-ÞqSS FILTER AT ITS INPYT AC.TION

FOTgNTIAL SPIKTS FROM EIIHEK ONT OF THT
MICROELECTROÞES. ALL CHAIVÀJELS S¡-IARI THT
INDIFFERENT LçAÞ CON/I\/ECTEP TO THE TROUEH.
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lÔwered gently Ínto the oil untíl the shaft, observed through a

binocular microscope, just touched the upper surface of the tid" The

manipulatortg vertíca1 verni-er was read, and, allolrance being nade for

the thickneee of the lid, thfs gave the reference coordinate, uO (fig.7).

The nicroelectrod.e was then moved clear of the lid and ad.jueted to the

point where lts tip was at the nedial posterior upper corner of the slab,

this being arbitrarily defined as the polnt where the posterlor edge

of the lid, crossed the upper edge of the nedlal sÍd.e of the trough

visÍble through the pla. Ehe nicrometer having previously been tu¡ned.

to its maximum withdrawal, È"9., 25,00 npr the nanipulatorf s horizontal

verniers at this position geve the reference coordinatesl xO and JrO,

In erperirnents Ín which two mi.croelectrodes were used, two ind-ependent

sets of reference coordinates vrere establishedr xg¡1r Ïg¡4r zO" and xg¡r

ÏO,, z'r tlne microelectrodes being tenporarily distinguished as medial (M)

and lateraf (l).

Stilt usíng only the stereota:cic nanipulator, the nÍcroelectrode

was driven horizontally into the slab at some deslred point in lts cross

sectlon and" for some deslred. distaJrce" In chronic slabe, thÍs operatioa

qas conplicated by the presence of nunerous obstructions 1n the micro-

electrodéte pathr presr:nably scar tissue or increased, vascular tlssue or

both; Fortunately, these obstructions were rarely sufficiently rigid

actually to break the nicroelectrode tip, and while it was sometines

necessary to break up the tissue at the end of the slab wÍth flne

pointed scl-ssors, penetration was always eventually achieved, The

vernier readings at this stage gave the probe coord-inateêe xpr lpr zp

(two sets for two microelectrodes, cllstinguished. as M and L ao above).
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FlG.7. EsrABLrsHr4ENT oF cooRÞrNArEi sys-rgm
FOR LOCATION OF MICROELEOIROÞE lrP: THE TIP
¡s FtRsT MovEÞ To THE coRNeR oF THE. SI-AB (SeE
TE)fi) To ÉSTABLISH REtreRENcE cooRÞlNATeS
(%, go ,zo) AccoRÞlNç Tþ THE AxEs tNDrcÂrEÞ AT
THE RIGHT, ANÞ IS THEN ÞRIVEN INIO THE SLAB
TO Â PO¡NT WHICH DEFINES PROBE COORDINAIES/\
\æpr 5p, zp). SUBSEqUENT ADÌUSTMENT. By
HYÞRAuLlo DRIVE lS SIMPLY ADÞED oNTo $n.
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All further adjustment was made using the hydraulic drive,

the microelectrode being driven forward being connected to the high-

pass filtered recording channel so that it could be rnonitored both

auditoríl-y and visually for evidence of single unit activity in the

vicinity of the tip. Such activity was usually nanifest as abrupt

discharges and spikes, often highly repetitive, presumably caused by

pþsicaì- disturbance of cell-s by movement of the nicroelectrode. In

stinulating and recording, the oscilloscope carnera drive v¡as set in

motJ-on, and the oscillograph paper speed increased' in time to

include both the stimulus artifact and a few seconds of inactive

trace before it. The paper record in these experiments was used

nainly as a 1og, and on it at each stimufation \^Iere recorded the

tirne, the micrometer reading for each mj-croel-ectrode, which micro-

electrode was connected to the filtered recordi-ng channel-r and which

surface electrodes were used for stimulation and recording (Xry, Z

and A,Br0,D, see Fig. {). Once both microelectrodes were positioned

near potentially acti-ve single units, at least six useful recordings

could in theory be obtained without further adjustment; i.e., using

in turn each of three pairs of stimulating electrodes, X,Y, and Zr and

then repeating with the other microelectrode connected to the high-

pass filtered recording channel. Using various combinations of X,

Y, and Z, the number of possible recordings was increased stitrl

further; but in practice not alL were usually made, even of the basic

six. To avoid induction of spreading cortical dqpression (Burns,

I95B), about five minutes was usually allowed between successive

stimulations.

Once the limit of penetration irnposed by either the micro-

meter drive dr the available microelectrode shaft length had been
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reached, the microelectrode was withdrartrn. With the micrometer head

turned back to 2).0O mm, a fresh penetration could be made elsewhere

in the slab cross section¡ â nêw set of probe coordinates being

established each time this was done. Provided the microel-ectrode was

not moved relative to its mount, the original set of reference co-

ordinates remained, of course, valid throughout the experiment.
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rV. .INAT,YSIS Â.ND RESÎTITS

1. rNrglA't ANÂtYsrs oF ÐeERrlIENTAt BECoBDS At[D QUATTTATTVE

OBSERVASIOffi

Exa,nination of filmed record.s was ca"xied" out using a Dagmar

Super Microflln Read.er Model J5 r¿hich proJected the inage directly from the

filn on to the su?face of the work d.esk. The nagnifícation was adjusted.

60 that the i-nage of one slreep length exactly occupied" an aBpropriate

nu.mber of tlivisions on a scale narked. in nillisecond.s on squared. paper;

this was d.ete:míned fron a 60 c/s time calibratíon inctud.ecl on the fÍIn

at the tine of the erperiment.

For each afterdiecharge recortlr the nr¡nber of sr¡eeps during

whlch discharge activity had actually occurred, was counted and clÍvided

into ten equal parts. As i-s ind.icated in Figs, 6 and. B, each sweep

consisted. of three separate traces, two of then reeording principally the

slow eplleptifo::n bursts at two different points in the slabr and the

other record.ing at higher gain and. with a shorter ti.me constant the

action potentÍa1 spikes fron the sane point as one or other of the slow

burste" In general, one burst-spike episod-e nas analysed. from the first

s$reep of each of the ten portione of the record." fhe precise manner of

this analysis¡ and. the subsequent statistical analysis of the burst-spíke

paraneters measured, are digcuseed ín the eubsection foLlowi-ng.

In the case of chronic slabs, afterdischarges ¡,¡ere d.ivided.

sonewhat arbitrarily into two parts: the racute phaser being the part

ínnediately follor.r1ng stinulation and, apparently sinilar to an acute

slab afterdiseharge; the rchronic phaser being that eubsequent part

which persistecl often for many minutes or even hours and. which was

usually characterÍsed. by bursts of high emFlitud.e and very low frequorclr
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Contlnuous photographic recording of these prolonged, afterdischarges was

considered neither practical nor necessaxy. Instead the acute phase was

recorded. and. then, after an lnterval of about five nÍnutes, a sample of

the chronic phase. lhe record. of approxinately the first ten second.s of

the acute phase was d.ivid.etl into ten equal parts and. a^nalysed. in the

manner ind.icated. above" Chronic phaoe burste were of such low frequency

and. constant shape that ueually not ma4y more than ten consecutj-ve br.¡rst-

spike episod"es were recorded, and so no sanpling of the reoord. prior to

analysÍs hras r¡ecessaqf .

ït nust be noted bere that, of the five chronic slabs used.,

the three ¡r¡hich were less than one year chronic (1t1¡ and, J nonths)

regularly gave afterd.ischarges which persisted. long enough to enter

the ohronic phase (!"g., for analysis purposes, of duration greater than

five mlnutee); whíle the two which brere Inore than one year.chronic (1{ and

about lB nonths) most often gave shorter afterdÍscharges fron whleh

chronic phase data were not obtainable.

Certain qualitative characteristies of the burst-spike episodes

beca,me apparent ín the course of exa^mining 1n d.etail a large number of

afterd.ischarge record.eo These, apart from a few which are intinately

connected. lrith the measurement of burst-spike para,meters (see subsection

folloving), are brÍefly d,escribed. in the remainder of the present sub-

sectíon.

In general, a single eplleptiform burst appears to d-evelop

fronr and" sooner or later to return to, an inter-burst potential which

over times conparable to the average burst length is more or less

constant (see, 9,.€.r PLates IX(i) and XIII)" I+Iithin these limlts, the
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shape of the burst itself ¡nay vary through a very wlde range. Ifowever,

there are a number of trend.s 1n burst shape which recur sqfficiently often

to tlenand. attention; these nay be enumerated as follows¡

1. The potential nost often rises to its peak (of

negativity¡ which Ís represented. by upwarù d.lsplacement

1n all the record.s fron r,,ù¡:ioh the Plates &re copied.)

nore quickly than it afterrvards retr¡rns to its ínter-

bu¡et baseline (g.g., Plates vI(ii), vrf(ii), xf(i),

and. XfV(1)); howevery sometlmes the reverse 1s tme

(".g", P1ate VIII).

2. Whilst the najority of bursts appear virtuall.y

nonophasic negative-goÍng (e.g., Plates VII(í) anti Ix(i))t

nany bursts occur v¡Ìrich are more or less biphasicr most

often with a positive phase preceding the negative phase

(g"g., Plates vf$ii) and XIII) though sometimes with it

following (g,g.¡ Plate V(it)), OccasÍonally bursts ocoux

which are truJ.y triphasic, r*ith a pLsitive phase both

preced.ing and. follor*fng the negative phase (g.g.,

Plate XIII(ii)). À1so oocasionølly, bursts oocur in shich

there is no evid.ent negative phase at all¡ onlf a posftive

phase (e.€. e Plate II). Sonetines it ís hartl to d.ecld"e

which part of a record represente the burst and" r*hieh

the baseline; and. in this ease, of coursee the,burst

polarity must algo remain d"oubtful.

5. Bursts not infrequently occur in pairs (",g., Plates

vII(1), vflll and.xr(i)), triplets (e.s", Plate VIII),or
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even quadrupletsi following such nultiple br.rrsts there

may be a conparatively long interval before the next

burst or group of bursts appearo

4" Another noticeably frequent burst shape fs what

nay be terned. the rhump-plateaur shape. llhis seems to

occur nost often in afterd.iocharges from chronlc sLabs,

particularly when j.n or entering the ohronic phase

(g.€., Plate X(fi)), and usually in such cases the

rplateaut Ís of far greats¡ amplitude and. duratÍon than the

thunpr; however, bursts of this shape d,o occur in after-

discharges from acute slabs aLso, urost frequently toward"s

the end ("..g., P1ates VI(ii) ana XIV(i)). rIIunp-plateaur

bursts nay perhaps be regard.ed- as nod.ified paired. bu¡sts

in whioh the second burst of the paÍr has becone the

fplateauf; Plate XI(i) perhaps represents aa internediate

etage in thís nodification" Oocasionally the hump and

plateau are reversed", giving a tpLateau-humpl burst

(g..g., P1ate JilV(il)).

Surst shape nay remaÍn practically constant throughout an after-

discharge, or it nay change s1owly (g..g", Plates f and II, and V and. VI),

partícu1arly in the clevelopnent of bíphasícity or triphasicity (g.g.,

Plate XIII(ií))r or, less frequentlye it may change quite sutid.ently so that

consecutive bursts are of quite tlifferent shapes (g"€,, Plates rx(ri) and

X(i); the latter is perhaps suggestive of two differentrpopulationst of

bu¡et t¡re superinposed). To a slightJ-y lesser extent these ss.Be renarks

roay be applied. also to burst frequency, In the case of chronic slab
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afterdÍseharges in the ohronic phase, there is practically never anJr

appreciable change between one burst and- the next; ind.eed., the typlcal

low frequenoy prolonged. hunp-plateau bursts (see paragraph { above) nay

be charaeterieed. as rchronic typete ê,s compared. to the generally nore

frequent, shorter, and. often better d.efined,racute typet (see Plate fX(i)).

0n average, when recording sinultaneously fron trvo eepa,rate

nic¡oelectrod"es at trso d.ifferent poeitlons in the slab, the rnicroeLeetrod.e

nearex the stlnulated. point record"s br¡¡sts of greater anplltucie; this

obser¡¡atfon is consid.ered. quantiùatlvely in subsectlon 4 following.

Howeverr in an¡r intlivitlual afterd.lscharge it is not unconqon to fÍnd. that

this average result d.oes not apply. Inf,ormation concerning the nod.e.of

initiation and. spread. of an afterdischarge may perhaps be gained- by elose

stu{y of the first few bursts of activity to appeax, partlcularl-y having

regartl to d.evelopment of a,rnplÍtud.e" Plate XII shows burst activity

connencing close to the stínulated- poinrt after two stinulus bursts and

further away after three; after only one stiroulus burst in this case

(not shown in P1ate), no burst activity was observed at eÍther nicro*

electrod,e"

Despite the unsultability for intraeellufbr recording of nost

of the microelectrodes used (see Section IIf, Z(¡)), attenpts r,,rere made

fron tine to time to achieve stable intracellular penetration and.

recordingr usually by driving the microelectrode very slowly forward" by

means of the oil drive during the prolonged. chronic phase of a ch¡onic

sLab afterdischarge. .ô,n exa.uple of a chronic phase burst :eecord.ed

lntraeellularl-y folLowing a succeserful penetratlon aohíeved. as a result

of such probing is shown in Plate )tV; the recorded. polarity of the

burst is reversed fron the usual negative-going, a¡rd the a.nplitud.e
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appea^:es consid.erably greater than usual" À later hurst of the sa.ne

afterdischarge recorded. with the oiL drive in the same position but with

the nic:loelectrode having presumably become extracellular is shoÏrn in

Plate XVI for conpa,rison" It must be ad"d.ed here that the nunber of

record.s of Íatracellular burst-spike actÍvity obtained. was only a wall

fraction of the nunber of occasions on which a stable intracellular

penetration, jud.ged. by the appearance and persistenoe of a ppesumed"

resting potentialr rras achieved while an afterd.iecharge was ln progtees.

Concerning burst-spike relations, the nost usual pattern io

for a train of spikes to be more or less closely comelated. w'ith the

oceusrence of a burst (seer g,.å.r Ptates VI(Í1), WI(i), il((í), )G(i),

¡(III, and XIV). In. adtlition, however, it is quÍte common to observe

br:rsts w'ith no apparent acconpârÐring spikes (-g,.g", P1ates If a¡rd VII(ii)),

and. conversely, rather less frequently but by no means rarely, spikes

oecurrlng índ.epend.entl-y of bu¡ets. In the latter case several different

patterns of spike activity vrere observed; these r¡¡ere as follows¡

J- Spikes may occur more or lees continuously,

ind.epend.ently of the presence or absence of slor+

burste¡ the spikes themselves may be either regular

(".g., Plate V) or irregular (g"g., P1ates I, II, and.

III(j.i)) in frequency and a,nplitude, Continuous spíke

activity of this type seens to oceur partícularly

often at the beginning (as Plates IIf(ri.) and V(f)) or

end. of a¡i afterd.ischarge r"¡hen the bursts gÍve the

impression of either tbirild.ing upr or rtlying d.olJïrr.
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2o Spikes nay occur ind.ividually and. apparently

raadonly between the buret-spike episodes of an after-

òischarge (g.g. ¡ Plate I) or at some tÍrne after an

afterdischarge (or, at least, epileptifo:m activity)

has ceased (g.g., P1ate III(i)); of courser the

ùistinction betv¡een such tind-ivÍdually occurringt spikes

a¡rd. those d.escribed. as rcontinuousr in paragraph I

above nÍght be consid.ered. to be merely a gross difference

in,.frequency.

,. Very occasionally 1t seens that a d_iscrete train

of spikes, such as nor"mally constitutes the spike

activity of a burst-spike episoder maÍ occur in the

absence of arry acconpar\ying slow burst ("".g,, Plate W).
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Note on Plates (including Spele-Ê)

îl¡e varÍous plates which constitute the pages imned"iately

followlng this note are copies of enlargenents nad"e directly fron the J5 nn

negative film used. for photographic record'ing during the e4periments'

Ior ¿eta11s of the rnethod of thís record.ing, and for e:rplanation of the

apparenttslopet (gratlient) of the traces in the platese see Section IIIt

l(a).

The rtirection of rootion of the filn in the ca,mera at the tine of

reeording wag such that ia each plate the earliest srrreepc¡ are those ,','"*""åt

the botton of the p}ate, Eaeh sweep in faet consísts of th¡ee separate

traces (see Seotion fII, llh Section IVe I; and Figs' 6 and 8) except

that in experlments rr¡here only one microelectroùe was used eaeh sweep

consists of onLy two traces. Each ind.ividual trace in the plates is

Labe1le¿ for reference at íts right hand" end by a subscriptecl letter rVl

and a number. The subscripted rVt lnd.icates through which ohannel the

trace rras record.ett (in accord,ance w"ith the syrnbol-1sn of Fig" 6; when only

one microelectrod.e was used., V, is absent). The nurnber separated' from

the tvr by a colon¡ is the number of the sl¡eep¡ each sv.Ieep in each aeute

and. ehronic (acute phase) afterdischarge was numbered^ ín the eourse of

analysi.s, starting with the first complete sweep after the end. of stin-

ulation as rsweep 1t; thus separate traees belonging to the sme sweep

nay .be id-entífied as such by thelr numbers even though in the plate they

rnay be separated by one or more traces of an adjacent sweep. In chronie

(chronic phase) afterdischargesr and in other eases where no stirnul-ation

appeared on the record. to provid.e a basis for numberlng, traces belongC.ng

to the satlÌe srdeep are not n¡mberedrrbut are l-abelled by a conmon blook

capital letter instead. Since the trace V* is a recording througþ a
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high-pass filter, it may be regarded as indicating a constant baseline

a€ainst which shifts in the level-s of V, and. V, nay be measured.

A reference is given in brackets at the end of the caption to

each separate plate or part of a plate. This states whether the slab

concerned was acute or chronlc, and in the latter case whether the after-

discharge wae 1n the acute or chronic phase; it provides also the date of

the experiment and the page nunber of the paper (fotyg?aph) record. Nearly 
i

all the enlargenents fron which the plates are copies have been sllghtly

touched.-up by hand to emphasise d"etail vislble in the originaL negatives

but of insìfficient contrast for satisfactory photographic reproduction and. 
,

copying.

Sca1es(toapproxinate1y!5%toltirneand.!Io/"forpotentia1)

for all the plates are!

TïME¡ I sweep length on plate = 150 msecs"

POfENTIå,tt V., and. V,, (¿"". microelectrode record.ing channels,
I¿

provlding recorde of epileptiforu tburstst)

sensitivity is 1.6 mVoIts per centimeter height

measured. vertically on plate, parallel to paper

edge.

V,, (niSn gain high-pass filtered reoordlng channel,

providing record of action potential rspÍkesr)

sensitivity is 58 ¡rVolts per centimeter height

on plate, measured as for V, and Vr.
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PLATE I. rnensrTroN oF DTsoRETE BuRsr-
SPIKE EPISODES ¡NTO CONTINUOUS IRREGULAR SPIKE
AOTTVfTy; CoNT|NUED tN PLATE II. [nsne:\+165'Sr4]
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PLATE I[. covrrNuED FR9M pLArE I: sprKE
AOTTVT Ty D|ES OUT, BURSTS C.ONT¡NUE, BECOM|Ne
PREÞo¡4INANTLy posrrtvE-corNç. [acure, a/+fes' er+]
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QUANTIT¡.TWE }IEASUREI'ÍENTS .âNN STÁ,TI STICAÍ, A}TA,OACH

is ¡aentloned in the previous subsection that ten burst-spike

episodes were chosen from the record of each afterdj-scharge or part of an

afterdischarge, and from each of these burst-spike episod.es a nunber of

pararneters trere measuredo These pararnetere, d, Yl¡¡;ft, VMAX2, and 6 , æe

defined, diagramatlcally ín Fig.

values in, e"g., Plate VII(i)"

and nay be seen to have clearly neasurable

one or two early ex¡rerinente nore than

ten bursts pex afterd,ischarge were analyeed, a¡rd a number of ad.ùitional

para^netere were meaeuredr guch as burst a.nplitude and. grad.ient at the tlne

of occurrence of the first spÍke, a.mplitude of the first spike¡ and

approxinate nt¡.nber and arnplitude dietribution of spÍkes. However, in

extending this analysis to a large number of afterdischarges it beca,ne

obvious that the a,nount of work inr¡olved in measurlng all these parameters

would have drastically lfunited the nunber of afterdischarges that coultl

be analyzed." Attention was therefore confined to those parametere felt

likely to be the nost signfficant, ioe¡¡ d, V¡n¡,*r, VI,{AX2 and $..
Ïn view of the raÌ.ge of variation in fo:sn of burst-spike episodes

d.escribed in the previous subeection, it may be appreciated that oeasure-

nent of these para.neters was not always so simple as might appear from

Fig. B. The nethod uged wae to lay a transparent straight efue along what

was estlxaated. to be the nea¡r inter-burst potential on either side of the

burst befng arraS-ysed. (i.g., its inage projected by the Dagnar viewer¡

see prevfous subsection), The burst v¡as consÍdered. to commence at the

point where the potential first appeared to deviate discernibì-y in the

negative d.irectloa (i."., upward in the record.) fro¡n the straight ed.ge.

Many bursts develop quite gradually, however, so that often thls point wap

somewhat arbitrary v¡íthin a range of several ¡nllliseco¡ld.s. In the case of

2.

Tt

xv,

fn
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bursts having an iruitial positive phase (dorunr,rarti 1n the record), the

begfnning of the buret for anal-ysis purposes Ì¡as d.efined as the point

where the potential first beca^me negative w'ith respect to the inter-burst

potential; Ít nay be noted. (seer go.Êor Plate xrrr(i) that associated" spike

activity seens never to commence until this point is reached. Occasionally

a buret Ítas encountered. where there appeared" to be only a positive phase;

and. in these ca,ses the beglnnlng of the positive phase was counted as the

beginning of the burst. Conclusions drawn subsequent to analysis of the

record.s suggest this laet procedrrre was probably not justifiable¡ however,

the nr:rnber of occasj.ons when it occurred. r,ùere so few as to be of, no slg-

n:ifica.nce in the net results.

The burst-spike d.e1ay, d., was measured. from the beg{.ruring of

the burst d.efined. as above to the first associ.ated spike" The spikes¡ of

courser hrere reoord,ed. on the high-pass filtered, charueel, and. the bursts

on an unfiltered channel, so that measuremeat of d. requÍ-red. comprrison

of two separate traces on the record¡ this was facititated by projection

of the inage on to squaretl paper as described in the previous subsection.

The rfirst spiket to be counted in this context was the first spike of

sufficient a,mplitude to be distinct fron background noise a.nd. occurríng

in the train of spikes apparently associated. wÍth the burst" Occasionally

the train of spikes conmenced before the burst and. 1n such cases d. was

counted. as negatÍ.ve. The naxinum burst a.nplitude", VMAXI *d VMAX2, were

measured. vertically fron the tra¡rsparent straight ed.ge w-ith cornparatively

little anbigulty¡ and" counted. as positive if representing a^n upwand.

dlsplacenent of the trace (i.g. e a negative-goÍng potential change) and.

negative if vice-versai conversion to niLLivolts was by conparison rrith

calibrating signals includecl on the filnn at the tlne of experinent by
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mearls of the calibrator on the P6 preamplifÍer. ï'he interr*f , S , (tfre

tburst-burst delqyt ), between corurencement of apparently correspondlng

bursts at the two clifferent microelectrod.ese Ïras measured in the sarne way

as tt a¡rd counted. as positive when the burst appeared, first at the micro-

electrod.e nearer the stinrulated. point (see below) and- negative when vice-

vercsa; often the sign of E remains constant throughout an afterd.ischarge,

but not infrequently it reversese sonetines quíte abruptly (see, g.-gor

Plate Xf(if)). üsually the lnter¡¡a1 between attaÍr¡ment of maximum burst

amplitud.e at the two d"ifferent nícroeleetrodes appears roughly the sa¡oe

as ò ; however, Plate XI(i) shotrs a case where this interval Ís practlcalLy

zero, clearly consid.erably lees tiran 5 "

Altogether, data were accrurulated. for roughly one thousand.

burst-spike episod.es each fron aoute slabs and fron chronic s1-abs; thls

represents the use of eight cats in the acute state and flve in the chronlc

etateo fhe ni:rnber of values of any one para;neter available fo:r statistioaL

treatnent is actually somewhat less tha¡r a thousand since it was not

possible to measure each pare.meter for every burst-spike episod-e analysed,"

Occasionally several bursts occumed. r,¡ith too high a local- frequency for

correlation between indlvidual bursts to be possible (seer go.€"r PLate VIII);

and. occasionally there was no evídent correlation at all betr+een bursts

at the two microelectrod.es (g.g", Plate IX(í)), More frequently bursts

occurred at one mlcroelectrod.e but not at all the other¡ usualtry, though

not invariably, the rnieroelectrode at which burste occurred. was nea,rer the

stinulated. point than that at whish they clid not. In all euch casee no S

val-ues could be measured." Sinilarly, bursts ruithout associateci spikes

(".g.¡ Flate VII(1Í)) would. g'ive values for VU¿X' but not for d..
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For each afterùischarge, the horizontal d,istanc"", =1 and. rrr
(¡'ie" 8) of the mlcroelectrod,e tips fron the stimulated, poínt were ealculated

using the values of the reference coord.inates, x0 and Ï0, the probe

coordínatesr xÈ arld y- (see Section III, l(¡))e the displacernent ratio of'E-P
the oil d'rlve system, and the mÍcrometer read.íngs and. stimulatlon data

record.ed. on the papex record. during the erperÍment. [he tstínulatecl pointr

v'ras taken as mid-way between the poles of the surface stieulatlng electrod.es

sÍnce the flow of our'rent vae presunably syruaetrical through the intenrening

cortex and. its maximun spread. may therefore be supposed. to have oecuged

in the vertical plane containing the nld-point, fhe d.epth of the micro-

electrod.es, which was always kept the sane for bqth at a4y one tfme, was

not conbined. wíth the horizontal ùistances but was calculated separately

as z^ minus z- minus the thiekness of the lid." fhese calculatÍons of rO P 
vø¿vsqu¿e..v -- -l

and- r^ and. d.epth were not mad.eu nor were the relevant coord:inates even2'
looked at, until after measurement of the burst-spike para,meters waõ

oonplete¡ it was felt that an effectÍve safeguard. was thereby provtd.ed.

against systenatÍc subjectivity in the latter.
Sfnce ttrere is no xeasoa to suppose er{y systenatic qualitatlve

d.j.fferenee betveen the burst-splke episode record.ed. at one microelectrod.e

a¡rd that record-ed. at the other, the two r,rill not in general be fi¡rther
distinguished. in this thesis. rhue v**, and. vu¡xz wÍIl be refe:rred to

w'Íthout dístinctíon as vMAx, and si-nilarlr r, and r, wÍlr be refer:rgd. to
f^sfnply as rfo rnvestigation of relatÍonships involving uo vMAx, ano S

respectively are d.escribed. in the three subsections following" The

remaind-er of the present subsection is oonflned. nainly to d.iscussion of
the basÍc statistical approach and. assrmptions which a;re common to all
three "
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ft is evid.ent that in ar\Jr one burst-spike episode, the values of
cd, VM^X and ô night reasonably be erpected to d.epend on ar\y or all of the

following¡ the scalar value of r (or, in the case of f , of i and. Ar, the

scalar mean and. d.i.fference respectively of r, and rrr ttefined. dilagranatically

in ftlg. 8), the d-irectlon of r (or of i and" A r in the case of t ), the

d.epth of record.ing, the position of the stinulated point, and, variatlon

(totir systenatíc and random) between bursts w:ithin an afterd.i-scharge, between

afterdlscharges, between cats, and. between acute slabs aJxd- chronic slabsr'and.

in the latter case between the acute a¡rd. chron'ic phases of the afterùischarge.

Data fron acute slab afterdischarges and. fron the acute a¡rd. chroníc

phases of chronic slab afterd"ischarges are all treated. separately in each

of the following subsections" In the case of d., Table 15 in the Append.ix

shows that there are differences significant at the Jy'" Ievel- between the

overalÌ d.istributlons of obsen¡ations in these three categoríes" The

principal d.ifference is between acute and" chronic (acute phase) data; there

is no significant d.ifference between acute a¡rd^ chronic (chronic phase).

Setween chronic (acute phase) a¡rd. chronic (chronic phase) the d.lffereqce 1s

nainly in the conparativêl.f sna1l proportions of observations of high at

values (tne proportions being higher in the chronic phase) 
"

Justification for the separate treatments of Vn* in the three

separate categories of d.a,ta is províd.ed. dlrectly'by the d-ifferences in

depend-ence of Vn* on r (see Fig. 11, also Appendix, Tab1es lS and 21).
|^

Similarlyu for ò , comparison of the overall distribution mea¡s having

regard. to tÏ¡eir standard. errors shows significant variation between the

three categories (Appenaix, Tables 25r2Te a^nd Jl).

No study has been nade i.n the present work of varÍation

between afterdischarges fron a single cat or between lnclivftiual cats,
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such variatioa, ra¡rd.om at a.ny ratel certaÍnly exists, since it was

srrfficiently evid.ent to be observed- lncid.entally in the eouxse of analysing

the bursts" lt is hoped., probably r¿:ith so¡le justification in the ease

of inter-afterd"ischarge variation, but with rather less in the case of Ínter-

cat variation on account of the comparatively small number of erperimente

perfomedr that the effects of such variation have been adequately randon-

lsed. out.

To d.ete:míne whether there is any systematic variation between

burets within an afterd.ischarge, the data fron each afterd,ischarge were

d,ívid.ed. into three equal partsr ing", three bursts fron the first third. of

the sa¡np1ed. portions of the afterdischarge were treated. together, lÍkewise

three bursts each fron the second and. thÍrd. third.s" [hÍs of course

left one br¡rst unused., sinoe ten were usually analysed; however, in cases

where no slgnificant d.ifference became apparent between the thirds, a1.1

ten bursts could. then be used, together" Record.ings of chronic phase

afterd.ischarges fron chronic elabs represent only tiny fractions of the

tota"l durations of the chronic phases, and so d.ivisíon into third.s in

these cases r¡ould, \ave been neaningless and was not done" Sufficient work

has certalnly been done to gfve a fairly clear picture of the extent and.

nature of rand.om variation between ind.:ividual bursts.

No attenpt has been nad.e to ínvestigate the effect of changes

in the depth of reoord.ing or Ín the a¡ratomÍea1 posltion of the stinulated"

point. No effect of these factors was particularly noted- in the course

of anal-ysing the bursts, although it night certainly be e:çected. that

cha.nges in d.epth should. produce some effect. However, for the present

pìr.rpose a:ry ínfluence these factors may have is presumeci to be randonised

out.
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Possible depend,ence of burst-spíke para.neters on the directlon

of r was lnvestigated. by treating separately d.ata obtained when the nicro-

electrode tip was anterior to the stinulated point (r counted- positive)

and the data obtained- when it was posterior (r counted- negatlve). In other

word.s, in terms of rad.ial coorciinates (r, O) witfr the-.tine, ê = Oor

extending anteriorly fron the stinulated. point as origine r values

neasured. in the inten¡als 0o 
"( 

I < 90o and. 2700 < e \< 160o ate counted as

posÍtive and. are treated- separately froro r values measured. in the

inten¡aI 9Oo< g < 27Q" r"¡hich are counted ae negative (see also Eig. B)"

Êinilarly, I and. Ar are counted. as positive if ¿!r represents an excess

d.istance anterior to the stinulated point and negative if posteriort qn¿t

¿1

values of ò having I a¡d. Ar positive are treated. separately fron those

having Í and Ar negatÍve" å.lgebraically, i = l=rl ( lrrl + lr¡¡l )/zr, ana

Ar = l"rf ( !"rl - l=*l )/r, where r* is the dista^nce to whichever nícro-

electrode is further from the etimulated, point and r, Ís the clistance to

whichever is nearer (u.g.r r, and. xl 
"espectively 

in Fig" B)" It may be

mentloned. that in fact no systenatic d.ependence of pararneters on the

direction of r, ie or A" """ actual-ly fould; however, this investi-

gation ùid- forn an inlegral part of the statistical procedure and. Ís

refer:rpd to in the subsections following, Depend,ence of burst*spike

parsmeters on the sealar values of r, lu and. Ar, which in terms of the

present paragraph are to be regarded as identical with l=t , l"f , ana þ=f
is the subject of a major part of the subsections following.

å,s regards actual statístical ¡aethod.s, nuqh is to be inferred

fron the shapes of the frequency clístributione of the various paraneters

grouped. in variouË narulersi and these also detemine to some extent the

nost appropriate further studieso For the sake of clarity, intertrals

of dr 6 , îe le and A= 
""* speclfied in the following subseotions



-70-

and. in figures as though these quantities were measured. on a continuous

scale! g,8., consecutive Ínterr¡als of d. are d = 0r! msecs, d = 5¡10 meecs,

and- so on. lvleasurements of d, and 5 """" nad.e to the nearest nillisecond.,

and- of xe i, and Àr to the nearest 0.1 mn (and of V** to the nearest

0.1 mV), so that consecutive intervals should. really appear, g..g.r

d = 0r{ msecs, d. = 5r! msecs, and, so on. In the Append.ix, where the

various distributions and" statistlcal tests axe presented. in fn1}, thls

strictly oorrect mode of specification is followed,"

In comparÍng groups of data r¿íth a view to detectÍng significa.nt

differencesr only two simpLe non-parametríc tests have been used; these

are the chi-square test and the sign test, in the latter of which the

numbers of j.ncreases and. d-ecreases between comesponding positlons l-n two

groìr.ps of data are regarded. as the two species in a binonial sanple" In

addition, di.rect comparisons have been rnade of the means of grouped data

having regard to their confld,ence d.ístributions" AlL references and inplied.

references in the following subsections to statistical significance a¡e to

be und-erstood as referring to the 5/" Ieve:- except r,r¡here otherwise stated..
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t" STUDfES 0N THE SUBSÍ;9PfKE DET,å'Ï. d

(") Âcute Slab Afterdischarges

The observed frequency distribution of all d values recorded

from acute slab afterdischarges 1s shown in Fig" 9("); the distribution nean

is ã = 4"195 msecs (see also Appendix, Table 1). It is apparent on inspection

that the part of the frequency distribution lying to the right of zeror which

accounts for over 9YÁ of d values used, must be approximately enclosed by

an exponential curve" Those d" values lying to the left of zer.oî !.9" r itt

the negative ranger ly not unreasonably be regarded as having only appeared

negative on account of the slow cornmencing rise of the bursts concerned;

though perhaps the higher negative values, of which there are very fewt

represent random spikes not directly associated w:ith the bu¡sts at a}lo In

arly event, it was decided justifiable in fitting a curve to the distribution

to count all the negative values of d as truly belonging in the interval

0 = 0r! msecs. llthe frequency for this inte:r¡al thus becones 457 instead

of ,77" ft nay then be simply derived (Appendix, Table Z) ttrat tfre

exponential equation which best describes the distributlon is

(r)

where Àf is the fraction of the total number of observations occuning ln

the ínterval d¡ d + Ad" The distribution nean is thus increased to a

working ô. = 6;55msecs (1""", the reciprocal of the paraneter, O.L6t *""""-1,

in equation (t), ttr:-s being a standard relationship in such erponential

functions). Comparison by a chi-square test of observed and erpected

frequencies confilrms that equation (f) fs a good description of the

observed distribution (see 'Appendix, TabIe 2).

îd +a¿
| -0.16, d

At=o"L6i I e dd

Ja
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Possible d-epend.ences of d on tine within an afterdischarge, on

the dlrection of {¡ and on the scalar vaLue of r were investigated by the

means d.escribed. in the prevlous subsection (See Append.ix, Tables 1, 4 ætd 5),

No such significant d.ependences Ìrere found.; superficially apparent d"ependences

on the d.irection and. scalar value of r were due only to large contributions

to chi-square from very snall proportions of the data (Appendix, Tables {

a¡rd 5; for dÍecussion of the possible significa.nce of the last two línes of

Tab3.e J, see part (t) lefow).

(t) Chronic Sl-ab Afterdischargesi .â.cute Phase

The observed frequency ùi.stributÍon is ehov,n in Fig" g(¡)¡ the

d.lstributj.on mean Ís ã = 5"867 msecs (see also Appendix, Table 6)" It nay

be seeL that the rate of falL off of frequency is in this case consistently

greater than in the acute slab d.istribution. Hewevere in the inten¡als

d = 10rJ5 nsecs and- d. = 40145 msecs there a.re comparatively high frequencies

which, although conprising less than 2/, of the total d.ata, a:e incompatible

w'ith description of the total d-istribution by an exponential equatlon. In

d.eriving such an equation, therefore, all d values of 10 msecs or greater

are disregard"ed" Froceeding in other respecte as d.escribed above for acute

slab datar the exponential equation which best describes the d.istribution

is found., and. confi:med. by a chi-square test, to be (Appendix, Table J)

nd+Aa
. | -o.zzl d
Af =o.22L J e dd.

\' d'

(z)

The distribution mea¡r is thus increased to a workittg ã = 4"525 nsecs (the

reciprocal of Q.22I r".""-1)o
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No significant d.ependence was foiurd. of d on tlne within an after-

discharge or on the direction of r (Appenaix, Tables B and. p). Ilowever, a

chi-square test d.id. indlcate significant d.ifferences between the separate d.

d.istributions for ùifferent scalar values of r¡ and" in this case these

differences couId. not be ascribed. merely to isolated. smal1 proportlons of

the data. Inspection of the distribution table (Appendix, Table 10) showe

that the rate of fall off of the d. distrlbutions increages at first as r

increases, apparently reachíng a naximum in the interval r = 1r! mm, and. then

appears virtually to recycle" This observation prompted calculation of the

nen.n value, ã, of d- in each r interval (Appendix, Table 10) and the resr¡]-ts

are shown graphically in Fig" l0o 0n referríng back to the correspondlng

acute slab data (Appendix, Table !), although the chi-square test did. not

in that case show any conclusive variation of d with distancer a eonewhat

sínilar pattern of varíation in the d d.istrÍbutions seemed, apparent. The

variation with r of mean d values for acute slab afterdiseharges is therefore

also pLotted" in Fig" 10, and. likewise that for chroni-c slab afterdischarges

in the chronÍc phase (see part (c) letow and Append.ix, Table 14). å.s some

ind.ication of the spread of inùivid.ue.l d. vaJ-ues contributing to these üeans,

the band. representtne 6e/" scatter for chronic (acute phase) data is narked

and. shad.ed." The accuracy of the means the¡nselves is ind,icated. for chronic

(acute phase) d.ata by vertícal bars representing their )J/" confíd.ence llnits

(i."., t 1.96 ã/{fr assuming that d. is exponentlally ùistributed

d. = ôand. that the means a.re approxirnately no:rnally distributed.).

so

lo

that

avoid.

confusione correspond.ing confidence fntervals for the other two sets of

d.ata are not marked.; however, the relevant figures for all three curves are

gÍven in the last lines of Íaþl-es 5g 10, and. L4 ín the Append.ix"
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(") Chronic Slab Afterdischarses; Chronic Phase

fhe observed. frequency d-istribution is shor,,rn in Fig. 9(c); the

d-istribution nean is ã. = 1.74O nsecs (see also Appenùix, Table lt). Despite

the lesser total quantity of data 1n this case, it nay be seen (in fig. 9)

that the rate of falI off of frequency is inte:mediate between the rates for
the acute and. chronic (acute phase) distributionso Equation (1) befow ana

Table lJ (Àppendix) show that in fact the chronic phase distribution is
quantitatively rnore similar to the acute distribution. As for acute ¡thase

da,tar in derivlng an erponential equation all d. values of l0 msecs or greater

are ùisregard.ed" fhe equation which then best d.escribes the tilstributíon is

fou:ad., and- confi:med- by a chi-square test, to be (å.ppend.ix, TabJ,e 12)

ñ¿ +Aa
. | -0"171 dAr=o.ul | " d.d-

dd.
/zl

The ùistríbution mea¡r is thus lncreased. to a working -d. - 5.848 nsecs (the

reciprocal of 0.I71 nsec"-l)"

No significant depend,ence,.r{as found. of d on either the direction

or scalar value or r (Append.ixu Tables lJ and. 14). However, in the latter

case the mean d. value in each r inte:Ír¡al was calculated, and. the results are

plotted i.n Fig. 10. There d,oes appear tÒ be some indication of a cyclic

variation as r increases, though quite minimal compared. to that seen in the

acute phase data (see part (l) above) 
" "
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4. sruDrEs oN THE SURST A¡4PtrTIrÐq. V,{N{

(") â.cute Slab Afterùischarses

Mean values, ïMAX, of VM^X were calculated with thelr standard

deviations separately for suecessive I ran Íntenrals of d.istance, l, from

the stinulated. point and in successive third.s of the afterdischarges

(Appentlix, gable 16). Possible dependences on the clirection of r a¡rd on

tÍne withín an afterdischarge were irwestigateci by means described in sub-

section 2 of this Section (Â,ppend.ix, Tables lJ and 18)" No consj-stently

significant d.epend.ence was found on the d.irectfon of r; however, fairly

consistent d.ifferences of eÍgnifíca"nt magnitud,e were found. between d.ata for

the separate thirds of the afterclischarges. Ðependence of ln* on the

scalar value of I w:ithin the separate third.s is shown graphically in

fig" 11(a) (and- see Append.'ix, Table 18); ind.ications of conficlence are

provid.ecl sirailar to those in fig. 1-0" Evítlently îr* nu""es through a

maximum 1n the interval r = 1u2 mm and then falls off to zero at dis-tances

greater thari r = 516 mm; this Latter is nerely an e)cprecsÍon of the d.irect

experimental observation that no burst activity was evex found at distances

greater than this. That T*" is generalLy greater in the second. thlrcl than

in the first third. vias also observed. experimentally in nost individual

afterd.ischarges. fhere is also sone slight ind.ication in Fig" ll(a) tfrat

the naxinun of Í*" shifts slightly further from the stimulated point as

an af terd.ischarge progresses c

(¡) Chronic Slab .â,fterd.:LscharÊ9€

Proceed.ing as described, for acute slab d.atar sigrif,ica¡¡t

d.ifferences lrere found. between aeute phase d.ata record.ed, anterior and",

posterior to the stlnulated point (.å,ppenùix, lables 1! and. ZO(i.)); in

partlcularu in thê region of f rl = J mmr l¡4pç affears to pass through a
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nini-mum when r is positive but a ¡naximum when r ís negative. Eowever,

particularly at higher values of lrl, these dífferences are not entirely

coneietentr and- it has therefore been consid.ered" justifiabte (Uetow) to

consid.er the d.epend.ence of l--^-- on r
MAX

d"irectÍon. ln the case of ttre chronic

whÍIe significa^nt ctifferences certainly

between d.ata for r positive and. that

betweea the regreseÍons of V*^,. on r

d.irectioas consid.ered as a ¡¡hole are not consistent at aÌ1.

Differences between data for the separate thirds of the acuÉe

phase were found. not to be of signífÍoant rnagnitud.e (Àppend.ir, Table 21) ¡

however, significaat tiifferences d.o occur between the acute phase and" the

chronic phase. Neverthele,ss, because a slÍght inerease in burst auplitutle

was congistently obsenred erqrerimentally to acconpany the progress of

individual acute phases, d.ependence of f** on the scalar value of r is

plotted separately for the separate acute phase thirtls in Flg. u(b). It

is notable from Fig. 11(b) that by comparÍ.son w'ith aeute slab clata (ffg,ff(a))

there is no pronounced. naximum nea¡ the inter¡ral r = I u2 mmo 0n the other

hand., the rate of fall of ?O*, as r increases j-s nuch less than in the

acute caser and. measurable burst aetÍvity is observed. at consid.erably

greater d.istances from the stinulated poÍnt, ft is not certaln whether

ar¡y me¡.vring can be attached" to the apparent minimum (¡'ie" ff(t)) of

VU*, in the interval t = 617 mm since the nr:nbers of obse:s¡ations from

$twhich Y** ls conputed in this and. hlgher intervals of r are conparatively

snall (see.â,ppend.ix, Table 21). The curr¡es of fig. l1(b), as ôì.stinct

fron the individual points, have not been drawn, therefore, to show a4y

dlrect representation of thi.s mini.¡tr¡ul"

w'ithout further reference to

phase (Appendix, lables 19 antt eO(ri)),

occïrr in indlvídual'.{rf inte:¡rals

for r negative, the clifferenceg

in the anterior and. posterior
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(") Acute Slab Afterdåecharses

the observed frequency dÍstribution of al-I E vdues recorded fron

acute elab afterdischargee ie shown in Flg, IZ(a) (see also A,ppend.ix, Table 22).

It 1e apparent on inspectlon that¡ apart fron the partícuLarly high frequency

observed in the tnte::r¡al 6 = Or5 tssecsr the d.istrlbution nust be approx-

fnately eaclosed by a no::maL curve" fhe mea,¡r and stand.ard devlatíoa of the

conplete distribution are E = 5.L2 msecs and f = 14.II msecs, and the

stand.ard error of the mea¡r is 6 = 0.68 msecs. By grouping the'data in
N

intervals of 15 msecs on either sid.e of the neanr' and disregard.ing observa-
?':tions of b Less than -50 nsecs or greater than 50 msecs (which g'ives

worklng pararaeters E = 4.47 msecs a¡d. 6 = 15,08 nsece), a norrnal ùistribu-

tion nay be roughly fltted (Appendix I lable 2J), though the fit is not

found to be satiefactory at tlne 5/o level when tested. by chi*seu¿rre.

Possible d.ependence of the observed. dlstribution on ti¡re r,rÍthin

an, afterd.ischarge was investfgated by the means d.escribed. in $rbsection 2

of thÍs Section (Appendix, Table 2{) 3 no such signlficant d.epend.enee r¡ras

foundo

Mean values, F , or 6 were oaIculàted with their standard

d.eviations separately for succesgÍve I m interr¡als of mean dístance, i,

fron the stinulated. point (see subsection 2 of this Sectloa, also Fig. B),

and- of separation, A r, of the recording electrodes (Append-íx, îable 2!).

Unfortr¡natety, beçause the interest which might attach to stud.le" on t "",
not fuJ.ly forseen at the time of nost of.the experinents (see Section I),

there is an ínbalance in the frequencies of observations in the separate

; a¡rd Ar intervals which prohibits graphical representation of separate
?

depend.enees of à on r and. A r; inepection of Table 2! suggests that

5.
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there are fnteraction effects between these d.epend.ences" In so far as

coulcl be d.ete:cnined by a sign test u:ithin these limitations, there is no
t^

signifíce^nt tlepend-ence of ò oa the d.irections of i or Ä r (Âppendlx,

Table el(i)). Dependence of 5 on the scalar values of i and. Ar
(faUte 25(1i) ana (iii)) was not found to be significarrt at the Jy'" Levet

but is nonethel-ess sufficiently evid.ent and consistent to be worthy of
onote. ft appears that the absolute value of ò maJr pass through a nin'inr.¡m

in the reg:ion of the interr¡al i = 1r2 n¡r; at snaller values of ;, 5 t"
F

negative, a¡rd. at Larger values ò íncreases as n increases. The absolute
F

vaLue of Ò eppears also to pass thnou$h a nininun in the reg'ion of the

interval Ar = 1r2 nm a¡rd. to increase positively on either side of thís.

(¡) Chronic Slab AfteTdischarses¡ Acute Phase

The observed. frequency d.lstributlon is sholin in Fig" 12{b) (see

also å.ppendix, lable 26). ftre mean and ,etand.ard deviation of the conplete

d.istributrorl' """ I = 2.66 msecs a¡rd 6 = 20.75 msecs, and the stend,ard

error of the nea¡r is % = OnlB moecso Proceeding as d-escríbed. above for
(ì

acute slab d.ata (which gÍves working para,neters Ò = 2.Og msecs and"

6 = 18"58 nsecs) a nomal dlstribution nay be fitted. (Appenclix, EabLe 2'l),

in this case satisfactoriLy at the J/o Level,

No significant depend-ence r.ras found. of the obse$/ed distribution

on tfne within a¡r afterdlscha"rge (Appendlx, Table 28). lfithin the linita-
tions of the d,ata obtained" (see part (a) above), there appears to be no

ç
l^

d.epend.ence of 6 on the directlons or scalar values of i or A"
(Appendix, EabJ.e 2)).
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(o) Chron:ic SLab Afterdiischarseg¡ Chronic Phase

The obser:ved frequency d.istribution is shown in Fig. f-2(c) (see

also Appenrlix, fable ]O). The mean and stanalard. d.evlatfon of the conplete

ùistributlon a¡e $ = -6.02 nsecs a¡rd.6. = Z1.O1-msecs, and. the stanaLard

error of the nean ie $n = t.6! nsecs. Proceetling as d-escribed. for acute
(^

sLab d.ata (v¡ricfr g:ives working para.neters à = -2,86 nsec6 and- ó^ = L7.52

rasecs) ¡ a no::mql d.Ístributioa nay be fltted (Appendix, Table JI) satlsfactoríIy

at the 5y'o leve]..

Ercept in inte:¡¡als of the scalar value of i, Ínad.equate natched

d.ata were obtained. to permit very meaTllngful conclusions to be drawn

regartiing possible d.ependenc"" of F on the directions and. scalar vaLues

of i anrl A r (lppendlx, îab].e ä2). No stlch d.epend-encec are sufficiently

evid.ent to suggest that they are present but nasked. by e:rperirnental

variatÍon.
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V. DISCUSSTON

I " THE INDIVIDI]AI, BTTRST-SPTKE EPTSODE

The original intention in the work described in this thesis wast

as is explained in Section f, to dete:mine whether any definite relationship

exists between the burst-splke delay, d, and the distancer rr between

stitrrulating and recording points" Fundarnental to the understanding of any

such relationship, however, must be at least some understanding of the

nature of the relationship between the burst and the spikes within the

índividual burst-spike episode; a.nd this, thereforer InaÍ be appropriately

discussed first. The possible dependence of d. on r1, and other relationshÍps

between the various burst-spike para.meters, axe discussed in the'subsection

following.

The corunonest pattern of burst-spike episode is for a train of

spikes to be clearly and comparatively closely comelated with the oocumence

of a burst. Ad-so, in well over )Oy'" of the cases analysed in the present

work, the burst vJas seen to have commenced before the appearance of the first

spike (i.g,o d counted positive; see Fig" !)' It therefoxe seens likety,

takÍng the sinplest interpretation of these facts possibler that the. spikes

are caused by thg þurst"

the spikes may reasonably be identifÍed with individual action

potentials generated by a cell or cellse or their axons, in the irunedíate

vicinity of the nicroelectrode tip; they are much too big to be

indivldual postsynaptic potentials. Since any initiation of action

potentials norroally depends on the prior application to the cell of a de-

polarising potential, it seens probable that this latter must somehow be

provided by the burst. The intracellular correlate of the burst has in
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fact beên seen (Plate XV) to be a depolarising potential " Physiologically,

at the level of the single ceIl, such a depolarising potential night be

expected to arise as a postsynaptic potential, and this identity for the

burst would be in accord. rrith Ecclest (tgSl) general observation that nost

slorv cortioal potentials are probably postsynaptic potentials. However, it

does not in fact seem that the buret as recorded extracellularly can be

ld.entified. directly with a postsynaptic potential¡ the reasons for this,

and. the possible relationship of the burst to posteynaptic potentials are

discupsed. below.

In a very large proportion, certainly more than half, of the burst-

spike episodes analysed, record.ings from t¡¡o different and" sometimes quite

widely separated points in the slab show bursts of very similar shape

separated by a tine del-ay very brief in comparison with the duration of the

bursts themselves" ft therefore seems reasonable to regard such record.i.ngs

as being in fact of the sane burst whieh has spread or travelled fron one

point to the other; and so it rnay be assumed that a4y one burst might be

record.ed at virtually the same instant qt any point within a vol-ume of

tissue large by comparison with the size of a single cell. It follo$¡e

that all cells w'ithin such a volume must be affected by the burst virtually

sinultaneously, and the buret cannot therefore be depend.ent for its

id.entity on a single celI or on only a smal1 number of ceLls. It must rather

be concluded that the burst nepresents the integrated result of all intlividual

cellular potential changes within a large vol-ume, and that cellular activity

within euch a volume is synchronised at least to an extent whioh

d.istinguishes between bursts and inter-burst sij.ences. Contributory

cellular activity presunably includes action potentials as well as
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excitatory and, inhibitory postsynaptlc potentials, and also the slow

dendritic and eomatic potentiale which rnust result from s¡rnaptic activity

ln the manner predicted by RaIl (1962, f964). Since the theoretical

amplitude linit of an excitatory postsynaptic potential is electrochemically

equal to the resting potential ¡ and. aseuming that the dend.ritic and sonatic

menbranes are in fact inexcitable, there seems no reason wÏ5t such slow

potentials should. not be of comparatively large a.mplitude even at the leve1

of the single ceII. The contribution made to the EEG by slow potential

changes in single cells has been demonstratecl by t0.ee et aL (f965)i and. in

the present work, as frequently elsewhere, d.irect correlation of'the surface

record w'ith the visual extracellularly recorded bursts was consistently

observed in the course of the experiments. This dependence of the exietence

of the burst on single cell activity may be summarised as representÍng a

convergent aspect of cortical integration; whereas the manner in which the

burst itself apparently regulatee at l-eaet single cell spike activityr a6

is further d.iscussed. in the following paragaphr nay be summarised. as

representing a divergent aspect"

The exponentíal distributions of burst-spike delay (a) vatues

sholrn in Fig. t have been built up by using together ind.ividual values

measured. from several hundred. different burst-spike episodes recorded. at

different times and in dlfferent experi-nents. Assuning that any effects of

these latter and. alI simil-ar variables have been adequately rand.outised out,

the same distributlons nlght preeumably in theory be amlved at by recording

sinultaneously only one burst-spike episode at vely nany different points

in the slab, .The fact that the distributions are exponential may therefore

be integrated to nean that within a4y volume ¡.rithin which the cell-s are

affected by the burst equally and simultaneously, the separate cells fire
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following d.elays which are exponentially d.istributed.; and therefore the

probability of firing nust be the sa.ne for all cells within such a volume.

This conclusion has already been expressed nathenatically in equations (1 ),

(Z), ana (l) (Section ïV, J), where At r"y in fact be regarded d.irectly as

the fraction of cel1s firing in a given tj-ne interval following arrival of

the burst, The conclueion of Fox and OrBrien (tg65) that the probability of

single celt flring followlng sensory stinulation corresponds to the average

potential recorded under the sa,me conditions at the sa,me site but after

d.estruction of the eell itself is evidently closely relatedi since this

average potential in the present work nust be virtually the sane as that

represented by the burst" Similar, though usually less detailed, correlations

between surface potentials (nnC) and single ceIl spike activity have been

noted by a nurnber of investigators (see Sectlon II, 2),

The frequent recording of clearly defined. bursts in the absence

of any corresponding spike activity (e"g., Plates II and VII (1i)) seems

hard.Iy surprising; and. sinllar recordings have been reported by a nr¡mber of

other investigators (",g"e see references below)o Having regard. to the

postulates of the preceding paragraphs, such recordings nust result whenever

the nicroelectrode tip chances not to be in the faírly immediate vicinity of

excitable structures" This may be the case either when it is in the viêinity

of truly inexcitable etructures such as gIiaI cells, or when nearby

excitable structures have become functionally inexcitable through exhaustion or

inhibition; Goldensohn and Purpura (tg6t) suggest that combined excltatory

and inhibitory activity nay be such as to prevent spike firing yet nonetheless

produce a net depolarisation. Presumably some such conditions must hold- on

those occasigns (see Sectfon lV, 1) when an apparently intracellular
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nicroelectrod-e fails to record activity; though of course danage caused. to

the cell by penetration may sometimes be responsible. Howeverr similar

intracellular recordings have also been made by Matsunoto and. Ajnone-Marsan

(t964a, 1964b) and others using microelectrodes with nuch finer tips. In

general, both electrotonic and volurse conductlon must contribute to the

developnent of bursts recorded in the absence of spikes'

Patterns of variation 1n burst shape are probably worth a oonsid.er-

ably nore tletafled stu{y than has been r:ndertaken in the present work

(Sectlon IV, I) " It seens likeIy that such a study might lead to a nore

d.etailed knowledge of mechanisms of cortical integratlonr since ar¡r variation

in shape of successive bursts recorded at a single point nust presunably reflect

some correspond.ing variation in the underlying pattern of cellular activity.

The basic observation that burst araplitude usually increases to its maximum

more quickly than Ít afterwards falls off may probably be regarded as a

direct correlate of the exponentlal d.lstribution of d" Finsky (L96il has shown

that the raveragede burst shape, in falling off after its naxinunr is itself

approrimately exponential. " If in regions of high spike activity the

pred.oninant contribution in d.ete:mining burst shape is the spike activity

itself, this correlation is to be expected. It would be interesting to

conpare burst shapes from burst-spike episodes r,¡"ith well d"efined spike

activity and those from bursts unaccompanied by spikes; the latter night be

found not to show the exponentiaL fall off.

Wide variations in burst shape, particularly those in which the

recorded burst appears biphasic or triphasic, nay result simply from behaviour

of the cortex as a volwne conduotor. flyperpolarisation following excitatory

d.epolarÍsatíon, which would. be d"escribed herein as the positive phase of a

biphasic burst ("..g., Plate V(fi)), has frequently been considered to
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represent inhibitory synaptic actÍvity (9.g., Nacimiento et aL, L964; and

Andersson, Lg65)u However, there seelns no particular reason why such

inhíbitory potentials should practically always cone either innediately after

or inrnediately beforer oT solnetimes both after and before, excitatory burst

potentials in the manner observed 1n the present worko A1.so, Plate v(il) shows

spike activity contlnuing throughout both the negative and positlve phases of

a biphasic burst, which woul-d hardly be the case if the latter represented a

true ir¡hlbitorY Potential "

The occuxrence of bursts in close g?oups, usually palrs or tripletst

night be due either to sucoessive butsts of a gÏ'oup having travelled to the

record.ing point by succeseively longer pathwaye or to sone sort of local

recirculation of burst activity" siuìilar d.ouble depolarisations recorded in

cortical nellrones following thala,nic stimulation have been regarded by Klee

and gffenfocir (f964) and l{acimíento g[ af (fy64) as resulting from activity

in two sets of axo-d.endritic synapsesr one nore remote from the sona than

the other¡ functionally, this represents pathways of differing length' Hor+ever'

it seens unlikely that substantial burst separation of this general t¡te

could. d.evelop effectively in the comparatively honogeneous and' restricted

enviror¡nent of a cortical slab, particularly having regard to the not

ínfrequent occugenoe of burst triplets (9.g', Plate VÏII)" A1so, paired

bursts record-ed at widely separated. points in a slab are often of practically

the sane shape and. have practically the same ti¡ne d'elay between their maxima'

If the second. burst of the pair had. travelled by a longer pathwayt it might

be expected that the separation of the maxima would. increase with distance

travelled, It therefore Eeens that sone more eontinuously effectíve nechanisn

must be responsÍble for maintainÍng the paired fo::st' L'ocal recirculation
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might occur in a closed" systen of many neuxoneÊ¡, but it might also occul

within a single neurone via axon collaterals (seer e'Ë', Chang' L959); and

the differential repolarisation mechanism proposed by Burns (igæ) might also

be consid-ered. as a basic fo::m of 10ca1 ¡eoirculation. sone such 10ca1 re-

circulation pattern rnight be conceived. to build. up synchronously throughout

the volume of tissue affected. by the afterd.ischarge; though the same recorded

effect would. follow if reciroulation occurred only in the focal reglon (see

subsection following). In any mechanism of this type it rnight be expected'

that the second and any subsequent bursts of a group would be of longer

d.uration and. generally rnore d.iffuse than the first; since successive re-

circulation would allow tlme for increasing loss of synchronisationo In

general this is in fact obeerved to be the case, and' when conditions are such

that the synchronisation loss is maxinised, combined perhaps with some

amplification by recruitment in the course of recirculation, the result may

be expected. to be a rhump-plateaug burst (see Section IV, 1)' The oocasional

Iplateau-hump, form ¡nust then be accounted for as a reversal of the process,

!,g., an increased synchronisation and concentration of activity' The

oond.itions under which these changes d.evelop would clearly be worth d'eteruin-

ing"

The occurrence of spikes in the absence of burst activity (section

IV, 1) r"y ind.icate either that the activity is too looalised for bursts of

significant arnplitude to be generated or else that the burst generating

mechanisn has so¡nehow been inactiváted" in such a way that spikes can still

occllro Atkinson and. I,lard (tl6Ð, supporting the latter possibilityt suggest

that the neurone somata invol-ved may become peûnanently depolari.sed " rn

their experiments, using chronic alunina-induced foci, this might be by loss
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of inhibitory afferente. It is widely accepted that regenerative spikes

occux only in the axon and axon hillock (3u[ock, I95gi and see Section fI, 2),
so that depolarisation of the soma might þrell resul-t in repetitive spike

activity; though this in turn might be expected to lead quite quickly to

complete exhaustion. In the present work, repetitive spike activity in the

absence of bursts occurred most frequently either right at the end of an

afterdischarge, perhape representing therefore an intermediate stage in
tenninal exhaustionr or else near the beginningr,,presumably a manifestation

of localised exhaustion following intense driven actlvity due to stinrulation.
fn the former case burst activity often continued for some time after
repetitive spiking had commenced; and in the latter spikes became d.isoontinuous

and associated with the bursts as the bursts themselves developed" ft seems,

therefore, that during transitional- or other unstable phases (see subsection

following) of an afterdischarge¡ not all neurones in a region pass through

the various stages of activity simultaneously. This, of course, is in contrast
to what is suggested' above to be the situation during a well defined burst-
spike episode in an established afterdischarge" ContÍnuous trains of spikes

in r¿hich spike amplitude and frequency are entirely regular are probably

recorded from only a single axon; whereas sinultaneous activity i.n man¡r

adjacent axons appearse when superimposed in a recording, to be quite irregular.
The occurrence of isolated spikes and bursts of spikes is hardly unexpected

in the wake of such gross activity as an afterdischarge" ft seens quite
possible that those patterns of neuronal activity which in many.neurones

synchronously are manifest as an afterdischarge may also und.er suitable
conditions appear restricted to only one or a few neurones (".g., plate rv
perhaps).
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2. THE GENEH,å,TIoN AND TBANS¡,IISSIpN 0F THE AITmDISCHÁRGE

fn consid,ering the nanner in which the afterdischarge proceed.s in

the slab as a whole, it may first be observed that the repetitive nature of

the bu¡sts record.ed at any one poin!, together with the usuaLly obvious

correlation between recordings from widely separated points, suggests that

the spread of burst activity rnay in sone respects be analogous to wave motion.

There is, of course, nothing basicalty new in this suggestion; it has been

made na4y times before (""g., Âdrian, 1916ç and see Section fI, J and {). It

does, however, seem remarkably well in accord with both the qualitative and

quantitative results of the present investigation, and as a working concept

it may therefore usefully be enlarged upon"

Persistent patterns of activity, in which the burst shapes and

relationships remain constant, suggest stable patterns of waves; while changes

from one pattern to another suggest corresponding variations in wave pattern,

presunably caused by changes in the eLements carrying the waves. fn partic-

ularr sud.den changes in burst shape and pattern such as were sometimes

observed (".-g", Plate IX(ii)) suggest correspondingly sudden changes in

the gross wave pattern. It does not seem likely that all the elements

responsible for a particular pattern would change simultaneouslyr s.S.e by

beconing exhausted, and, it therefore seems probable that changes in only a

small proportion of wave-carrying elementso and presumably in the lÍmit in

even only a single elenent if it is playing a critical role g may cause gxoss

changes in the entire activity pattern of the slab. Gross changes of this

type in the behaviour of an assembly, prornpted by only minor changes in

individual elements, are weLl established phenomena in ma4y physical systems.

Ït thus seems that there may be fairly direct experimental backing, seen only

at its crudest Level in the changes of burst ohape recorded hereln, for the
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postulate of Cragg and Temperfey (f9!{) that cortical activity may be

described in terms of cooperative d.omains.

Further correlations between present erperÍmental observations

and previous theoretical suggestions and developments (see Section If, {) are

not hard to findo However, due partly to the inadequacy of the present data

and partly to the excessive generality of much of the available theoryt

such correl-ations must remain at preeent somewhat speculative and cannot be

greatly elaborated" Nevertheless, enough has perhaps been said even in the

previous paragraph (and is further suggested below) to indicate the potential

value of a closely integrated. theoretical and. experimental approach.

Concerning the raod,e of initiation of the epileptiforn afterdischarget

the postulate of Pinsky and Burns QgAZ) that a critical mininr¡m nunber of

neurones nust be put through a critical ¡ninimum number of driven responses

seêús very much in accord with the present approach" The result of repetitive

electrical stinutation may thus be considered to be the generation of a

d,omain pattern of sufficient dimensions to determine the behaviour of the

remaind.er of the sl-ab and to be itself at least temporarily etable" As

stÍmulation proceedso progressively more neurone€ are presumably recruited

into dete:mined activity, and the point at which the minimun number necessary

for establlshment of an afterdischarge is achieved may be compared to the

Curie point in the establishment of. a magnetic d.omain in a ferromagnetic

material. It is temptin6ç to identify the point of stimulation as the focus

corresponding to that of focal epilepsy, and. in fact a number of basic

concepts regarding the special rol e and. significance of this poi'nt appeax.4 to

emexge fron the present work.a¡rd. are discussed. below"
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The e:cperinental data nost directly concerned w'ith the presence and

c
behaviour of the burst are the various distributions of V** and. ò " For the

eake of clarity, discussion in the present subsection is confíned to acute

slab data; nod.ifications of behaviour found in the chronic slabs are d.iscussed

in the subsection following. Fíg" 11 shows that ín acute slab afterdischarges

VUIX, the mean of VOUO¡r passes through a maximun in the region of r = 1.5 mm.

Such results as were obtai-nea for E (Section ïV, 5(a); and Appendix,

fable 2!) suggest that on average the absoÌute value of 5 is least, and. 1n

fact approxinates to zero, in the region of i = I"J mm¡ at lower values of i,

Ò̂ is negative, i.e., bursts most often appeax at a point further fron the

stinulated point before they appear at a point nearer to it. Soth these

nesults, concerning V** ana 6 respectively and quite independently, suggest

that the true source or rfocusr of epileptiforr¡ bursts is not at the

stimulated poínt itself but is an annular or spherical shell of radius about

I.5 mm and having the stinulated point as its centre" Sursts originating in

this shell spread. as continuous waves (or domains) of activity both outwards

into the remainder of the slab and inwards torvards the stimuLated point"

The inward spread is of particular interest since it provides a sound basis

for supposing that the repetitive nature of afterdischarge activity may result

from a re-entry mechanism. It is mentioned, in Section If, 4 that such

nechanisns have been proposed as explanations of cardiac fibril-lation" The

basic requirement, which it is not hard to imagine satisfied., is that the

outr¿ard spread of activity (i.e", towards the focal shell fron the initially

etinulated central region) sha1l not simuLtaneously block all lnward paths"

A highly schenatic representation of a re-entry mechanism, in which the

inward. return path is represented sinrply as a discrete gegmento is shown in

Fie" 11. Fig. 1{, }ikewise highly schematic and sinpliiied, shows how the
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FlG. 13. DIAÇRAMMATTo REpREsENTATToN oF A srMpLE REpETtrlvE RE-Er{rRy

MEC.HAN¡SM. THE REçION AVAILABI-E FOR ACrlVfTy ls RE:PRESeNTE:Þ AS A

SERres oF crNc,eNTRtc ANNuLee (on sFr-{rRlc,AL) zor.æs ¡ oNLy THE c/gNTRAL

rcuR oF THeSE AR.t SHoWN, B\rT THtRe MAY BE MAl.fy MoRe. DuRtNG' vNlT

T¡ME rNTtRvAL, eAcH zONe l'lAV Bei Exc.lrtÞ ( ffi ), nernaoroev ( rTv),
OR INAOÍIVE BUT AVAILABT€ FOR EXCITATION IN THI FOII-OìT.'I ÑG TIME INÌ€R'VAL

(t] ). ALso DuRrNç uulr rrmt rNreRvAL, AcrtvtTY wtLL SPREAÞ FRoH 
^NExcrTEÞ zoNr To ANy lMÈ4EÞlAÎÉty ¡p¡-¡cENl lNAcllVE ZONE. ONCe A

Z'ONT IS IXOI'TEÞ, IfS STATÉ ÞURING THE Ih/O IHI'I5DIATELY FOI ' OWINç UNIT

TiME INTERVaE lS ÞETER.HINED As FIRS'T ReFRAoToRY, THeN lNAc-llVE. TO

ALtoW FOR RE:-EñÎRy, ASrct-lENT OF THt FIRST-ANNVLÂR ZON¡E lS POST-

VLAÎEÞ TO LAG ONE STEP IN THE ACÎIVIÎ,, CYCLS BEHIND THE RTt.,TAINÞTR

OF THE ZONE i l1 t4Ay Nof Bt Nac€ssARY FoR Tlrls seçMENf AoTvAtl-Y TÞ Bt

lNlTlAlÀy REFRACToRy AS SHoWN. THE ÞlaGRAr4È REPRESENT s',r()c.€sstvE uNlT

TtMe tMrrRvArs : (i) ceurRAL zoNr Ercltr€Þ ¡ (il) AcltvtrY SFReADS our-

wARÞ ¡ (¡tr) eup (v) ecrrvrrv cÐNTrNuts To sPRtAÞ or'f1ÊARÞ AS C¡NTlNvouS

WAVE, ANÞ AuSo RE-ENTERs CÆNTRAL zoNE; (v) ¡Vo (vl) OurWenÞ sPRtrÁD

¡¡gp pE-ENTRY ARE RETEAT.EÞ ¡ THiS l./lLL GONÍINVE |NÞeFINITELY UNLEss

INTTRRUPTED II., Tl{E CISNTRAL OR FIRST ANNULAR ZOtJT, (O.3. BY EXHAUSNON).

(u¡)
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FlG. 14. co¡1enR¡soN oF EXpERTFeNTALLy DeTERHTNED eepe¡¡DeNce oF E oN F
AND ôr WITH THAT DETERÞ1INe'Þ BY A SI}'IPLE T'IODEL (¡) CONSISTINO OF A FOC¡IL

SHEII, RADuTS !.S,¡n, FRot"l WHtoH BURSTS SPReAÞ AS @NT'tNuoUs AcTlVlly WAVES

R.ADIALLY INwARÞs ANÞ ourh/ARDs. suPpose wAVr V¿toc/TY " *n-.mr.ir (StwOe tnrs
G.tvEs RgsuLTs ÞlMrNstoñALLy I'tosT CpMPARABI€ wllH eXP€RIHeNTAL). THEN, eg.¡ FOR

REc/ORÞINGetECTROÞtS ATA ANÞ B, F.O'5vvtn, A"o l'Onrrr, S = -(l'Ol+) =-7msr'c.

E ts COUNTEÞ NEGATIVE stNoe wAvE ReAcHrs ELEc-lKoÞ€ FuRll.l€6T FROM C,€NrRE

oF sysTEM (= strr.luuATEÞ porNT) FiRST (u'. e BEFoReA). SIMILARLY, FoR C AND D,

F " 2.S--, Àr * 3.Smm¡ E = +( LOI+> . 14 ms¿c. FOR DEFINITIONS OF F, Ar, ANÞ E,

srEE. F¡Cf g AND SECTTON 5I, 2. NoTE THAT No ATTEMPT lS MAÞs lN THE PRESENT

MODEL TO tNTERpReT D|R€OTTONS OF ñ AND Àr (i.". AS + OR - ) OR POSSIBI€ ÞEPEND-

ENoE oF VErr?lrY ON ñ ANÞ Àf . MOÞEL RESULTS ARe' TABULArEÞ (ii) aWO

cRApHEÞ (iv) ¡ exreRrlENTAL REsuLTs s¡¡ltLARLy, (iii¡ çFoR AguTesúB ÞAfA,

s[4pL¡FrED FROM APPENÞIX, TâBLE 25(¡)) nntO (v).

6 PREDICTED BY MoÞEu(vsøo)
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Lnward and outward. spread of bursts frorn an annular (or spherical) focaÌ

shell gives a theoretical d.ependence of 6 on i and Àr not unlike that

obse:r¡ed. experimentally (see below).

In reality, the focal shpll itself may be supposed to arise as a

result of the slab tissue in the immediate vicinlty of and below the

stimulated point becoming totally e:chausted.as a re6ult of the intensive

driven activity to which it is subjecteci on stimulation. Activity is thus

confined to the periphery of the exhausted volume, and as stinulation proceeds

both the latter and the actlve shell grow radially outwards" The critical

point at which stimulation can be stopped and activity becomes self-supportÍng

presumably corresponds to a minimum size of both the central inastive region

and the active shell which beoomes the focus. ït seerns probable that these

ninimun rdonaint dimensions might be theoretically dete:minable given

ad.equate statistics of the neuronal population; they are not necessarily the

s¿une as those persisting through the najority of the afterdischarge (i.""t

conespondlng to the 1"! mm rad.ius deterrnined herein) since once the after-

d.iecharge is establlshed its domain dimensions may be expeeted to be eelf-

adjusting to equilibrating values; the latter might also be theoretically

determinable. A slight increase in the presr:med focal radius (V** maximum)

as the afterdischarge progresses is 1n fact indicated in Fig" 11(a), In

ad,ditlon, Fig. 1J suggests that the periodiclty and duration of the bursts

spreading outward.s into the remainder of the slab must depend dÍrectly on

the periodiclty, and. therefore presunabty on the dimensions, of the focal

re-entry nechanism; though it is not, of course, intended. that the l¡1

relationship between periodicity and. duration shown in Fig. lJ should be

construed to have ar¡y particular quantitative bearing on reallty"
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denonstrated clearly

burst velocity on ro
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of spread of the bursts fron the focal shell would be

were it possible to plot graphically the dependence of

llnfortr:nately, however, the ratio à/S can only give a

meaningf,uL vafue for the velocity wfren Àr itself is very sma11" For nuch of

the data o.-,bained. this condition is not satisfied and in theory, therefore, it

is not possible to deduce the exact form of the dependence of velocity on r.

fn fact, howevero a much more serious obstacle as regards the present data is

the imbalance of data frequencies in the separate î and. Àr intervals (see

Section IV, l(")). The theoretical difficulties could be largely overcone by

appropriate averaging if further d.ata more suitably d,istributed with respect

to i and ¡[r could, be obtained.

Present conclusions concerning the dependence of burst velocity on

r and A" ""*rot profitably be extended. beyond. what is generally and. for the

most part quantitatively apparent from the overall trend of tabulated. results

(Append.ix, Table 2!; however, see also fig" 14). For i greater than 1"5 mnr

ô
ò it general increases as 3 increasesi and therefore it see¡ns lÍke1y that

burst velocity decreases as the burst moyes outward. from the focal shel}"

Further, 6 tends in general to be least when Ar is in the interval Ir2 nm;

i.g., the tine taken by a burst to travel between two points is least when

the points B,re very roughly 1.5 nm aparto A simple aorollar'y of this is

that excitation nust appear less read.ily in the region innediately aheacl of

that alread.y excited. than it does rather furiher ahead" This might be a

result either directly of histological structure (as seems quite possible,

see Sholl, L956) or of sone sort of functional inhibition developed

innediately ahead of the excitation. In terns of the wave analog7, the natural

r^rarrelength for bu¡st activity in the catrs cortex is evidently about 1"5 mm

(see above). This being sor it is not surprising that the radius of the
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focal shell has also been found to be 1"1 mm, ioeo, one twavelengthr frosl

the primary stlmulated point.

The occurrence of aetivity patterns in which bursts recorded at one

point cannot be correlated with those recorded at another, 1"g", in which

bursts evidently do not travel in an orderly manner in the regíon betr¡een the

recording'points and by inference throughout the slabu is strongly suggestive

of instability analogous to turbuLence. It wouLd be of interest to detennine

the relationshíp between sueh activity and the regularl"y repetitive activity

in nhÍch oorrelation between recordings from two separate points is quite

obvious; there is perhaps some suggestion that unstable patterns occur most

frequently near the beginning and end of an afterdischarge" It roight afso be

instructlve to compare the mean durations of 0regular0 afterdischarges with

those of afterdischarges in whlch instability pred.omÍnates" Incorrelatable

bursts d.o not, of cou.rse, give a4y meaningful value fo" $ ; and even clearly

conelatable series of bursts in wfrich E changes progressiveJ.y and. nay

even reverse in sign presunrably represent some form of developing instability"

Ðata from such bursts wouLd have to be d.isearded in any averaging prooedure

for the dete::mination of rnean velocj"ties from vaLues of Ar/6 ; nevertheless,

quite sufficient data for the latter purpose are either availabie or could

easily be obtained fron afterdischarges showing virtually constant activity

rel-ations throughout.

Closely related to factors infl"uencing the stability of excitation

patterns must be those which determine eexcitation densitye" fhe latter

term can be used only somewhat foosely at present since the balance between

excitatory and inhibitory activÍty during afterdischarges is not known;

however, it may be supposed to be reLated. nore or less directly to burst
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anplitude. There is certainly evid.ence that not all cel-Is in the region of

a bu¡st actually -take part in it (Section IV, l), and it ie perhaps not too

far-fetched to suppose that onJ.y certain levels of excitation density,

envisqged. as a function of the proportion of cells j-n an active regj.on, are

naturally stable. A regíon either rover-excitedr or fundet-excited.' night

then be expected. to equilibratei itself; this concept seems to be generally in

line with the suggestions of Stefanis and Jasper Qgeq) and .â,ndersson (tg6S)

that boundaries between active and inactive cortical areas are tself-sharpen-

ing' as á, result of inhibitory mechanisms.

It night be expected that the probability of firing of a single

cel1 would be directly related to local excitation density. However, the

results shown in Fig" 10 suggest that the depend.ence of ã on r is in sor¡e

way cycIical, and, taken in conjunction with the dependence of Í*" on r sholrn

in Fig" 11r this certainly does not indicate a linear dependence of d on

V*^-' 0f course, the sinrple observation that spikes are sometimes recorded
IvLêÃ

in the absence of bursts and vj-ce velga shows that excitation density is

probably not itself simply related to U** (see also following subsection);

and the data of Fig. l0 are in any case barely signficant. Nevertheless,

the idea of a true cyclical dependence of d. on re and. therefore on VMAX,

does not seem wholly out of keeping with what is suggested above ooncerning

the stability of only particul-ar excitation levels. As might be erpected,

Fig. 10 shows (for aoute sl-ab ttata) a maximum probabil-ity (ã minimum) in

the region of the focal shellr r = 1.5 mm; it may even be that the activity

level in thls region represents sone eort of saturation" This in itself

provides one more itenr of evid.ence for the existence of the focal shell.
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', 
MODIFICATIONS OF AFTER}ISCHARGES IN CffiONIC SI,A3S

The individual bursts of an epileptiforrn afterdischarge record.ed in

a chronically isolated slab are initially similar in appearance and frequency

to those recorded in an acute slab (Section IV, 1)" Instead of d.ecreasing in

frequency and ceasing within a natter of seconds, however, the br:¡sts in a

chronic slab d.ecrease in frequency to an apparently stable level and may then

contínue to occur with remarkable regularity for ma4y ninutes or even hours.

At the sane time, variations in burst shape such as commonly occur in acute

slab afterd.ischarges aod. during the first few second.e (i.e", the racute

phaser) in chronic slabs also cease; throughout the remaind.er of the after-

d,ischarge (therchronic phaset) it is quite unusual for there to be any

detectable change in shape between one burst and the next. 3u:?st anplitude

(VmX) íncreases d.uring the acute phase and during the chronic phaae is

naintained at a leveL roughly equal to the mean burst anplitude of acute sLab

afterdiecharges (Appendix, Tables 18 and 21), The dependence of U** on re

however, is quite different (ffg.11); once the chronic phase is established,

burst activity can usually be recorded throughout the slab and does not

remain restricted to a region around the stimulated point, The individual

burst is usually of long d.uration with an abrupt rise to its maximum.and then

a long d.ecay (i"g. u à tqhronic typeo burst as defined in Section IV, 1)" lhe

increase in duration by comparison with the duration of an acute slab burst

is often of nuch the same order (roughl.y ten times) as the d.ecrease ln

frequency; and. it is interesting that this is exactly what would be qrtpected.

to result in the case of a decelerated wave motion of constant wavelength. .

Sunnarising the above-d.escribed qualitatíve characteristics, burst

activity in a ch¡onic slab êvÍdently differe quite radically in nature from

that fn an acute elab; and ín particular, in view of its frequently prolonged
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persistence, it lnay be Baid to be nuch nore firmly testablishedt. fn terms

of the analogies of the previous subsection, the wave patternr or dyna.mic

donain pattern, is evid.ently nuch more stable in a ch¡onic slab than in an

acute slab. It would. clearly be of interest to determine what factorsr related

presunably to the prolonged isolation of the slab, contribute to this increased.

stability. fhe remainder of the present eubsection ie concernecl with aspects

of this problem on whioh present results appear to throw sone light. fhe

simple fact of the increased excitability of chronic slabs isr of courset

alrea{r well established (see Section fI).

Considering first the e:çonential distributions of d (Section IV, 1

equations (1), (z), ana (1), the chronic slab acute phase distribution is

characterlsed. by a working nean slgnifioantly lower than that of the acute

stab d.ietribution (ã * 4.525 msecs and, ã. = 6"IJ5 msecs respectlvely). Bhe

chronic phase working mean is intermed.iate (d = 5"848 ursecs), which, taken

at face value, suggests that as an afterd.ischarge 1n a chronic slab d.evelops

the probability of firing of any ind"ivldual cell decreases towardst though

never reachesrthe acute slab Ievel. TabLe 1! (Appendix) shows that the

d.ifference between the d, tllstributíons for chronic (acute phase) and chronio

(chronic phase) data ie only narginally significant, and that between chronic

(chronlc phase) and. acute data is not significant at all; whereas the overall

difference between chronic (acute phase) and acute tlata is quite significant.

There thus appears to be an inverse correlation during the acute phase

between the deorease in firing probability and. the observed. (see above)

;increase in V**" lhis seems to be to some extent in contrast to the observ-

ation (see prevíous subsection) that in the regÍon of the aeute slab focus

there is a maxinr¡n of both firing probability (ã ninimr:m) and of f**;
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however the sharp fal1 off of V** as r increases beyond, the focus is natched.

by apparent cyclicity in ã (figs. 10 antL lI) rather than by a stead¡r rise as

rnight be expected" It thus seens possible that the inverse correlation in

the chronic slab acute phase referred to above may represent a genuine

effect, perhaps arlsing from the evidently comparatively loosely coupled

structure of the chronic slab (see below).

It is difficult with the present dda to assess the significance of

the observation (¡'ig. 9) tfrat the ehronic slab d distributions show higher

frequencies (not used. in calculating the working means, ã, given above; see

Section IV, ,) in d intervals far removed. from zero than does the acute slab

distributÍon. fhe actual frequencles involved are smallr and in those cases

r+here d is negative the sþikes concerned may have represented randorn background

activÍty not directly assoclated. wlth the burst"

îhe apparent cyclical dependence of ã on r is both slower and better

d.efined in the chronic slab acute phase than in the acute slab (Fig" 10) 
"

ln the chronic phase, however, the cyclicity indicated by the graph (fie. fO)

is quite insignificant and. ã. seens to be virtuatly lnd.epend.ent of r. Even

in the acute phaee, firÍng probability appears to be maxlmun (d mininrum) 1n

the region of r = J mm, twice the apparent mean radius of the focal shell in

acute glabs. ft is postul"ated on this basis, and on the basis of observations

^discussed in the following paragraphs on the dependence of V** and b on re

that in the course of a chronic slab afterdlscharge a focal shell is initially

established by stfunulatlon much as in an acute slab, but that the she1l then

quickly grows in radius and becomes nore d.iffuse, and. flnally 1n the chronic

phase loses its discrete identity entirely. This is perhaps basically

equivalent to the suggestion of Surns (fg$) that increased neuronal

excitability developed as a result of repeated dlscharge activity nay lead to
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the establishnent of rnultiple secondary foci; though there seems no need to

postulate continuing foci at aI1.

It nay be seen fron Fig" 11 that d.ependence of mean burst a,nplitude,

IUEX, on r is much less narked in the chronic slab acute phase than in the

acute slab" Even in the first third. of the acute phase, i,,^- remains finite
I.{AX

throughout the range of r used; and in subsequent thirds the dependence

becomes progressively less. In the chronic phase (Appendix, Table 21) there

seems to be no orderly dependence at all, and variations in l*^* appear
IvLA¡

virtually rand.om throughout the entire slab.
ô

The no:mal distributions (trig" 12) of the burst-burst delayr ò , in

both the acute and chronic phases of chronic slab afterdischargesr are

characterised, by working t""rr"o $ r nearer zero (2"0! msecs and -2'86 msece

respectively; see Section fV, !) and. standard d.eviations, 6 o much larger

(fg"5A ¡¡secs and l-J"!2 msecs) tfran those of acute slab afterdischarges
.Ë - \( 5'= 4"47 msecs and 6 = 11"08 msecs). Ílhe low values of b may be interpreted

to mean a lesser d.ependenc" or E on Ar and i, u:.rr"u 6 is defined (Section ÏV,

Z) so as to be positive for bursts appearing first at a smaller value of r

and later at a larger value. Shls is confi::m"ltt Tables 2) anö' ]2 (Appendix),

F

whieh shor¡ virtually no orderly dependence of b ooÀ= or î for chronic slab

data. The high standard d.eviations of the 6 d,istributions ind.icate

coraparatively greater mean travel times of burst activity between any two

recording points. This correlates with the prolonged. d,uratioa and. greatly

d.ecreased freqrrency of chronic phase bursts. It also suggests thet the

charaeter of bu¡st activity at any one point in a chronic slab may be lees

depend-ent than in an acute slab on that at other points; and this itself

correlates with the evident varlability of i*,. referred to above'
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All of these vari-ous resulte concerning the behaviour or À 1r

o 

þ¡tçÞE v@!¿vsp !se4! vÈ vv¡¡vs!¡¡r¡¡õ e¡¡q ve¡¡øY ¿vs v¡ $ t tMAXt

and ò co¡oblne to support the postulate expressed above that burst activity

in a chronic slab becomes quickly independent of the original focus established

by stimulation and in fact cannot in the chronic phase be referred to ar\y one

point or shel1 as focuso In an acute slab the afterdischarge apparently

renains depend.ent throughout its duration on the persletence and continued

activity of the orlginal focal shell (see prevÍous subsection); and it may

therefore be reasonably supposed that the whole afterdlscharge ceases as soon

as focal activity ceaaes, by exhaustion or otherwise' Àctivity in a chronic

s1ab, by contrast, being neither dependent on a4y focus nor even so closely

integrated throughout the slabo may be expected to continue until either the

entÍre slab, or at Least sone critical proportion of it, becomes exhausted.

This critical proportion nust almost certainly represent a much greater

volume than is occupied by an acute slab focus; and the chronic slab must

therefore be correspond.ingly less susceptible to functional exhaustion"

Also, although the overall means of UOOA* are roughly the same in both chronic

and acute sLab activity, nowhere in a chronic slab aoes i** reach the level

which it reaches in the region of an acute slab focus (Fig. I1). tt U**

can be taken as representing in some respect a measure of excitation densit¡rt

this provides a further reason why chronic slab activity should lead less

quickty to exhaustion. It is suggested that these considerations together

provide the basis for a reasonable explanation of the prolonged duration of

chronic slab afterdischarges.

As regards the underlying structural basis for the modified behaviour

of chronic slabs, it is of considerable interest that afterdischarges in

slabs isolated for less than one year appear to develop into a prolonged-
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chronic phase more read.ily than those in slabs isolated for nuch longer (see

Sectíon IV, 1)" Ílhe expected consequence of chronic isolation is degeneration

of severed neuronal processes" fhis nay result in both axon collateral

sprouting (Sharp1ess Lg64) and possibly also in the long term Ín true

regeneration" Each of these processes night be expected to lead to the estab-

lishnent of fresh synaptic contacts, though it seene almost,certain that the

original synaptic pattern, presumably the one required for normal functioning

of the cortexe can never be reprod.uced," The afterdischarge, howeverr repre-

sents such a gross fo:m of activity that regenerated synapsesr even though

functionalty quite inappropriate, nlght well suffice to contrlbute in sone

way to its transnission" Since the chronic plase evidently represents a

much looser coordination between events in different regions of the slab

than d.oes the acute slab afterdischargeo it may be specifically postulated

that the most important fibres cut on isolation are long fibres whose no:mal

function is integratlon of a.ctivity in different regions; such regeneration

as occurs would. not be expeeted too and evidently does notrrestore this

íntegrating funct5.on. The appearance of spontaneous acbivj.ty in a chronically

isolated slab nay thus be due not onl,y to coll.ateraJ- sprouting but also to

lack of overall coupJ-ing. In an acute sIab, where the integrating mechanisn

has not ha¿ time to d.egenerate, activity throughout the sfab is effectively

quite tightly coupled und,er the control of the focal shello and when activity

ceases there it is unabLe to pereist independ.entty elsewhere; thus an acute

slab afterd.ischarge appears nuch the same in fo:m as an afterdischarge in

intact cortexo fn a chronic slab, whilst activity is inltially generatecl by

a focal shell and, therefore appears synchronised. throughout (acute phase), it

is able to persist indepenctently throughout the slab after the initial focus

has ceased to function" It may flnali-y be noted that these suggestfons are
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well in accord with the results of Farley (L962) on tightly and loosely

coupled computer sinulated neurone nets (see Section II, 4)"
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VI. CONCTUSIONS AND RECOMMENDAfIONS

tru¡on the numerous and, in some instances speculatÍve, conclusions

of the preced-ing Secti.on there emerges an overall picture of the nature of

epileptiform afterd.ischarge activity Ín an isolated slab which is supported

in its several aspects by most of the separate detailed conclusions independently.

The effect of stinulation appears to be the establishment of a shell of activityt

id.ealty spherical with the stimulated point as its centre, rvhich g?ol¡s radially

outward. untilo in the acute s1ab, Ít reaches a stable equilibriurn radius of

roughly 1.! mm. å,ctivity in this shell is naintained" by continuous recircula-

tion between the shell itself and the central region (fig" f1). The shell

thus behaves as a foeuso and from it at each recirculation a burst spread-s out

into the remainder of the slab as a continuous wave of activity which nay or

nay noi remaj-n more or less coherent" In the acute slab all activity ceases

when the focal shell becomes exhausted; but in the chroníc slabr perhaps

because of looser structural coupling resu}tÍng from d.egenerationr burst

activity becomes independ,ent of arqy single focus anti nay continue to reverbe-

rate for marqy hours" The relationship between the burst activity and single

unit spike activity appears to be cornplementaryo eaeh eontributÍng to the

generation of the other" However, the bilrst represents a gross integratíon

of activity to whlch postsynaptic and. electrotonic potentials also contrlbute;

and while the probability of spike firing is the sa¡ne for al-i- excitable cells

affected. by a burst, some cells are evld.ently lnexeitabl-e"

As is indicated. above" a substantial amount of the work whÍch has

Ied, to these conclusíons could usefuÌly be repeated with the sole object of

acquiring more and better distributed. data w'ithout arqy actual extension in

scope. It is particularly d-esirable that further data on ¿ ana t should. be



-109-

obtained., more evenly d,istributed. throughout the possible range of r and !r

intervals. It would then be possible to check the apparent cyclicity of tl

(fig. 10) and to d.eternine r^r'ith at least sone d.egree of accuracy the d.ependence

of mean burst velocity or r. It would. also be of interest to dete:mine nore

definitely the relationship between d and VMÀXI especially since this must in

some respects represent quantitatively the basic relationship between spikes

and bursts. Conparison of increased. quantlties of d,ata from only the first

few and. last fer¡¡ burst-spike episodes in each afterd.ischarge might be erpected.

to reveal more clearly dependences of burst-spike para,meters on time within

an afterdischarge. The inÍtia1 data night also shott nueh more clefinite

d.epend.ences on r than d.o those for the entire first third of an afterdischarge.

Finally, an increased quantity of chronic phase d.ata fron chronic slabs would.

show to what extent ehronic phase parameters really d,o tend toward.s acute

slab vaLues.

Over a^nd above the need for additional confi::natory d.atar a nu¡nber

of d.Írect ertensions of the work readily suggest themselves" Several factors

which night be e:rpected. to influence the nature of record.ed. activity but the

effect of r+hich have not been investigated are listed. in Section IVr 2. Ïn

particular these includ.e the depth of record.ing and. the anatonical pooÍtlon

on the cortíca} sr¡rface of the stinulated point. the possibility of d,irectlonal

tra¡rsniseion in the slab has been lnvestigated to the extent that.d.ata recorded

anterior to the stinulated point are treated separately from those record.ed

posterior; but no significant difference has emerged" It would. be of interest

to repeat the work, but using sensory or motor cortex r.¡here d.irectional

tra¡rsmission might nore d.efinitely be expected..

Bhe burst-spÍke para.neters d.efined- Ín Fig. B do not, of couroer

characterise all aspects of the burst-spike eplsod.er and ad.d.itional



,110-

para¡neters night therefore usefully be measured. For example, the rate of

initial build. up of the burst to its naxi¡nu.n a.nrplitude níght provid.e further

information concerning the mod.e of d.evelopnent of the burst. Similarly,

measrr"rements of burst duration, and. of the nr.¡.mber, a,mp1itud.e, and distribution

of spikes, and. d.ete::mination of the interrelations between these variables and.

those alreafir stud.íed", r.¡ould all certainly contribute to extend.ing the overall

picture of the processes involved.. Provision of a duplicate high gain high-pass

filtered" recording charunel would allow comparison of spike activity as well as

of bursts at the two separate mlcroelectrode recording points (see Figs. 5 aad

6). Several aspeets of the burst-spike episod,e which have so far been considered.

only qualitatively might profitably be studied quantitativelyo These include

the various patterns of burst shape listed. in Section IV, I, and the cond^itions

cond.ucive to spikes in the absence of bursts, bursts in the absence of spikes,

and incorrelatable bursts at different points" The evident relationship

between epileptiforn activity record.ed at the level of the single cell and that

record.ed at the cortical surface should. also be investigated,.

The various measurements of burst-spì-ke para,meters and subsequent

analyses presented in this thesis were all done v1sually and by hand.; and. in

fact there seema little d.oubt that much of val-ue might have been overlooked

had, this not been the case" However, noÌr that the pattern of the work has

been established there seems no reason why some autonatic analysing or

conputing device should not be used. v¡here possible. This r+ould also eliminate

the possibility of variable subjectivity in stand.a¡tls of measurement.

Rather more radical extensions of the work should. includ,e concentra-

tion on acquirÍng regular intracellular record.ings during activity so that

it can be quite clearly detenrined exactly what goes on in ar\y one particular

cell. There seems no reason r+hy the trough-lid. nethod. of stabilisation
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(nie" J) should not work well providing that the trough and. lid are themselves

ad.equately fi::mly nounted, Ultimately, the entire work must be extend-ed to

inclu¿e complernentary stud.ies of the intact cortex; in this caser of courset

sone other nethod of stabilisation will be ûec€ss&r$"

Turning in a¡rother direction, some of the conclusione suggested

ln the previous Section imply a histological found.atÍon which has not been

d.emonstrated. Eístological stud.ies should. therefore be made with a vlew to

substantiating, for example, the postulates nade regarding the structural-

basis for chronio slab behaviourl êrd-¡ above all of courser with a view to

demonstrating some basis for the apparent equilibrium radius of the acute slab

focal shel}. Some correlation should be attenpted. betweerÌ present results

an¿ conclusions, partícularly those concerning the natute of the focusr and'

relevant work on clinical epilepsy.

It is suggested. at various points throughout this thesis that there

is a need for a thoroughly integrated. theoretical erperimental approach to

the study of the cortex. It is hoped. that the present work itself provid-es

some indication that such an approach ís possible; more than that cannot be

claimed- for it, for its theoretical considerations in particular leave nuch

to be ¿esire¿. However, the necessary basis is available. Action potential

and synaptic theory as well as core cond.uctor theory might be applied along

with single cell norpholory a¡rd. cortical neuronal distrlbution statistios

to volume conductor theory in d.ete::nining probable net cortical potentials.

It should. then be possible to see whether there is a:ry sound theoretieal basis

for cooperative behaviour in the cortical neuronal population" If there ist

such behaviour would be expected. to mod.ify the overall potential d.istribution

and. provid.e a basis for the existence of discrete waves and- d.onains of

activity, It seems quite possible that the basic conplementary relationshíp
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between gross and. single celL activity suggested in this thesis may hold not

only in the epileptic cortex but also for normal cortical activit¡r pattenns.

In the long run, it should. be possible to describe theoretically the expected

response of the cortex to any specified. input; and equally lnportant to

d.eternine what input must be responsíble for any obserr¡ed response. The

d.etailed. realisation of all this is clearly a long way off. Much existing

theory is not based. on realistic anatonical premises and in this context is

therefore inapplicable. However, this thesis cannot be better concluded than

by reaffi¡ming the ul-tlmate necessity from every standpoint of natching each

further experimental step by a parallel forward step in theory; and this final

obsen¡ation seems no less worthwhile for its nanifest rrnoriginality"
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APPENDIX : STATISTICAL ANALYSES OF BURST-SPIKE

PARAMETERS
NOTË: THROUGHOVT THE APPENDIX, VALUTS OF 2gz ARE GIVEN TO THE

NTAREST HALF UN¡T. ALSO, INTERVALS OF drSrrrñ, ANDAr ARE SPECIFIED

ON A ÞIsCON1-INUOUS SCALE (og. ¿ = O¡4 r¡søcs, A o 5¡9-¡oo¡, EfO.; SEE ALSo

SEcTtoN M, | ) S¡NoE ALL AOTUAL MTASuRMENTS WERE TO THE NEAREST

lrns.¿ OR O'l-m. MEASURMENTS OF Vr,,r^x WERE TO THE NEAREõT O'lw'V'

t. STUDIES ON BURST- SPIKE DELAY, d

(e,) ncure sLAB DATA
. TABLE I : OBSERVED TABLE 2: FlTTlNe OF EXPONENTAAL EQN.:

FREQUENCY DISTR¡tsUTION: NOT PoSS¡BI-E USINGT i '4'395-o"'c ¡ ALL

'NTERVAIlFút Grs€

OBS.
FREQ.

'9,-2L
-2S,-2¡
-20,-16
-15,-ll
- ¡0,-6
- 5,-l

o14
5,9
to,14
l5r 19

zotz4
2.5,29
30,34
35,3t

I

I

4
6

l6
32.

377
zoB
77
32
t9
t3
3
3

TOTAL 792

NECTAT¡VE d MUST tsE coUNTEÞ AS ZERO'

THEN, lF AP ' b !t'-iu Áa,

,'.78617eL= uti"w-uaa
\,JHENC€ b . O'163*-s-r

.'.aÊ . o-t6g !r+À¿ d-o''ßr ¿¿ (¡)
HENCE ARE CALCULATED EXPEOTED FREQS.

FOR COMPARISON WITH OBSERVED FREQS':

${TERVAI

)F¿(-J
EXP.

FREG
OBS.
FREq. xz

Q,4
5,9
lo,14
15,19
þ,M
8,8
Þso

442-
t9s
86
38
l7
I
6

437
208

77
32
r9
l3
6

o
I

l

I

0
3
o

¡OTAI,S 792; 79L 6SEE ¡úso Fle. 9 (o").

ALSO, OBSERVED Ed ' 3481 
"rs"'¿

...I'348|!212.4395m¡¿.¡.6DEçREESoFFREEÞoM'xa>|2àS|çNlFlcANT
AT 5ß LEVEL. .'. EQN. (t) ts SATTSFAOTORy

DESORIPTION OF OBSTRVED DISTRIBUTION.

TABLE 3: COMpAR¡SON OF FREQUENCY DISTRItsUTIONS FOR SEPAKATE THIRÞS

OF AFTERDISCHARçES:

TNTEFVAt OBS. FREQ. IN THIRDS TOTAL

FREQ.

EXBFRE(

PiRTHIR]

^rL
)F¿ h$. lEf 2"Þ 3ßo lsf t- SrD T1)TAL

<-6
-5r-l
Q,4
5,9
lo,14
15,It
>n

ll
ll

¡35
63
23
IL
I

7
9

t2ß
6'
2ß
IL
t3

lo
t2-

l16
76
2lo
I
l6

L8
3¿

377
208
77
3¿
38

9
t¡

t25
69
23
tl
l3

t
o
I
J-L
l.
L

o
I

J.Lt
o
o
o
o
o

o
o
I

tå
o
It

I
.LL
2-

L
È
I

rà

rOTAU 2.:64 2:64 L64 7eL 264 sf 4 8È

IZ ÞEçREES, OF FREEDOM, X,, ZI SIçNIFICANT A1 51 I.E\/EL. ...THERE IS

NO SIGNIFICANT Þ¡FFERENOE tsETWEEN THE SEPARATÊ THIRDS.



TABLE 4 :

RECORDEÞ
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C.OMPARISON OF FREQUENCY

ANTE'RIOR AND POSTER]OR

DISTRIBUTIONS trOR AFTERÞISOHARçES

TO ST¡MULATED POINT :

sEE Al,So Flç. 9(b).

ALSO, OB'SERVED EÀ = 23OB rnseÆa

.'.ã = Z3oB I sYz - 3'867¡',..n¡.

TABLE 7 : FITTING oF EXPoNENTIAL EQN.:

AS FoR Acult sLAts DATA (rneUe z), Ruu

NEGATIVE å MUST BE OOUNTED AS ZERO.

ALSOi l{lçH OtsStRVED FREQS. lN åo 3Q 34-s*e
AND ¿ = 40,4+ ñsc..s C|-gARLY Do NOT CDNFORM

TO ETPONENÍIAL DISTRIBUTION. ." ALL DATA

FOR WHIO¡{ ¿ } 30 -s..¡ ARe Þ¡SREçARDED,

O{VINç REvlseD v/oRKlNG ToTAL FReq. - 587.

ICoNTINUED ON NEXT PAçE ]

NTEKVAL

)F¿ (*¿)
ANTERIOR POSTERIOR TOTAL

FREQ.

TOÎAL

xz)ES. FKü EXP [RE( v.L )BS FREI txP rß.EG y2.

<-6
-5rl
o,4
519
¡o,14
15,19
> 2-O

lo
17
t57
75
27
9
5

l1
l5

t47
7S
23
lo
rt

o
2
-LL
o
.Lz
o
to

17
It

207
llo
L2
l6
43

l6
2l
2t7
llo
33
t5
29

o
o
I,
o
I
2.

o
7

27
36
s64
r85
56
2s
4€

o
-Lz
I

o
I

o
17

TOTAI.s 300 300 ilà 441 441 I 741 teà

6 DEGRE€S OF FREEÞoM: X1 > 12å SIGNIFIoANT AT 57. LEVEL..'.THeRE lS

APpAKaNTLY A SlGNlFlc"ANT DIFFËRENCE, BuT oNLy DUE TÞ A FEW DATA lN

THE INTÉRVAL à>. ZO. NOT- REGARÞEÞ AS SiçNIFICAVT lN THESIS.

TABLE 5 : CoMPARISoN OF FREQUENCy DTSTRIBuTIoNS FoR AFTERDTSCHARGES

RECÆRÞED AT DIFFaRENT ÞlSTANctSr lrl, FROM SllMuLAleO PoINT!

ZO ÞEçRESS oF FREtÞoM,X^) glå Stc¡VrrloANT AT 5% LEVEL..'.THERE ARE

SIGNIFICANI ÞtFFEr'Eñets, BUf ONLy ÞvE To T1^/o lVÞlVlÞVAL C,oNI'RIBuÌIOÈJSTO

x2 (t¿ ANÞ tg r¡¡ lnl=$,3.9,,,-). NOT ReGARÞED AS SIGNIFIC-AN¡T lN THES¡S.

t* sEE NOrtr B,Er-ow TABLE lO. StE AI-SO Flç. 10.

(b) cHRoÌ{tc SLAB (nourE PHASE) pnrn
TABLE 6: OBSERVEÞ

FR,EQUENOY D¡STRIBUTION :

t¿t

;NTERVAI

0F¿(*
otss.
FREQ.

-lor-6
-5,-l
o'4
5r9
lo,14
¡5,19
LQIM
2ß,29
3Or34
35r39
4a,4

2
l6

38r
¡33
38
¡o
6
¡

7
o
3

TOTAL 597

lrl= QO 9-- lrl = l, ['9*- lnl = 2,2'9-- lrl = 3,3'9^- lrl=4,4'9-* l.l= 5,s9-- lvl
FR

lutINfER.\AI

0F ¿ (',ú(r ]B.HE(.n x^ 1R. F xt¡ x' ]R FI Ð(.f¡ y2 YFì x' ìan ix.H x2 ]B,R Ð{R xz

<-l
or4
5,9
lo,14
>15

s
62
38
5
l0

l0
6t
3t
7
12-

Þz
o
t!l¿
2-
IL

27
A2
5l
2ß
14

2L
\L7
(A
It
25

I

t-
25.
I

3

l8
l2l
63
t2
25

20
il7
60
tOtc
2A

o
o
o
L
o

6
t5
29
6
22

7
37
t9
6
I

o
t4
4
o
l8

I

ll
3
5
o

z
2
5
2
2-

J-L
T
L
I

4
2

3
l3
2-
5
2

z
l3
6
z
L

.L
I
o
2à
4
o

63v
l8s
56
73

zj
t6j
rr*
l3
23.

TOTAI-S t23 lL3 4t ¿.>t 257 yt 2'3.2 235 L 77 77 % 20 LO I 2,5 'L5 7 711 67

¿ 4.8 4,L 5.O 85 s'o 5'O

;8ÍSmïr 05,8.t 0.0,9.1 0'3r 9.4 1.5, ¡6-7 o.4,11.5 -o.¡, lz.5
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ETABLE 7 CoNT¡NUED:l
.'. s8o/sgz = b !i s-b¿ dÀ

WHENOE b . O'221 -r" ¡-r
... AF = o.2_Lt ft*on o-o "¿r4 AÀ (e)

HENCT ARE CALOULATEÞ ETPECTEÞ FREQS.

FOR C,OMPARISON WITH OtsSERVTÞ FKEQS. ¡ SEE

TABLE (nrcnr). a DEÇKEEs oF FßEÈÞoM:

x2 > g* ts sleNlF¡cANT AT 51 LEvEL.

...EQN.(E) IS SAT¡SFACTORY DESORIPTION OF

OtsSERVED DIS.rRIBUTION .

TABLE 8: coMPARISON OF FREQI'TNOY ÞISTRIBUTIONS FOR SEFARATE TI'{IRÀS

OF AOUTE PHASES:

INTERV¡ìI

Lr dt \r^s@/

otss- FREQ lN THIKÞS Ï,TAL
FREQ.

:XP FKE(

]ER ]HIR'

xL
lst Luo 3*o ltt t" 3Ro rOfAL

<-l
o14
5,9
lo) ¡4
>ls

9
ilB
49
t5
oo

4
lL7
40
l2
l6

5
t36
44
ll
\5

rg
38r
133
38
27

6
l27
44
IS

9

It
!z
+
-L2-

o

I
o
J-z
o
så

o
I
L
o
-¡-L
4

zi
I

I

¡

rå
TOTAI,S t99 t99 t99 597 t99 3 7 5 r5

I DÉceEsS oF FREEÞ6M'X"> ¡5å SlcNlFtoANT AT 57. LEVEL. .'.TF{SRE tS

NO SIçNIFICANT DIFFERENCE BEÍWEEN THE STPARATE THIRÞS.

TABLE g: OOMpARgSON oF FRTQUENCy D¡STRItsUTIONS FOR AFTERDISoHARçES

REC,ORÞEÞ ANTER{OR AND POS.rERIOR TO STIMULATED POINT :

INTERVAL

OF¿ (t."1

ANTERIOR POSTERIOR TOÎAL

FREQ.

TOTAL

xz)ss. tREQ. EXI1 FREQ XL )65. FREq. E)(r. FFÉq *
<-l
or4
5rg
lo, 14

>15

t4
t99
66
t7
l0

lo
¡95
68
18

¡5

tà
o
o
o
tå

7
200
74
zo
29

ll
20+
7L
¡9
r5

tå
o
o
o
tà

zt
3t9
140
37
30

3
o
o
o
3

T0ïArs 306 306 3 3Ll 321 3 6L7 6

4 ÞEC,REÈS OF FREEÞOM I xz > 9à stçvtrt¿ANT A-r 5 7" LEVEL' .'. THeRe ls
No sìçNtFtcANT ÞIFFeRENCe BTTWEEN AFT.ERÞISC,HARGES REc€RÞgÞ

ANTERIOR' ANÞ POSÎERIOR TO STII'4ULAIED POINT.

TABLE tO: C,OMp,\RTSON OF FRTQVENCY ÞrSTRIB'uTtONS FoR 
^FrËRÞIScHARGES

RTCORÞEÞ Af DIFFTREhTT ÞISì-ANCTS, ITI, TEOV STIMULATED POINT:

NTERVAI

Jr d' \Rs¿(

EXP
ft(Þ\{.

OBS.
FRrc XL

o,4
5,9
lo, 14

15, t9
>zo

39s
130
43
t4
7

399
t33
s8
lo
7

o
o
Ia
I

o

rorAt-s 687 587 tà

¿ lrl.0,0'9-- rl = i, l9'.., rl = 2,29'.- lni = 3,3'9-. lrl '4,{.9-" l¡^l= 5s9-. lel= 6,6e-^ \rl= 7 7't-' f01 fot

)R¡ LLI x' )8.8 TÃ.I x )Bt Xi läE ;,(.1 x ,ö.r ]t x JÓ.I: :{.1 wo.
'<rl x x' FR xr

<4
qq

>ì0

4lo

23
t9

5e
20

9

3
J.L
lo

lil
3'
l3

t0t
3b
IB

o
o
IIr¿

g7

ll
.L

b7

a
tl

6
st
7

5l
7
'z

40
r3
7

3
3
3*

6l
4¡
L6

B6

29
t3

7
5
l3

t
3

25
9
4

o
o
-L
L

u
5
I

20

7
3

I

I
L
rJ-t¿

t4

s
I

l4
4
2_

o
IL

w
67

20
t4Ì

iOTAU 88 8R l'¿ ¡r t63 lki tL t00 tc0 i8i 60 tÌ 128 l¿8 25 38 15¡ ðo ')(, !
L 6A 7L

A 5.s 4-0 2'B 2., ú6 4-O 3.2 3'8

ß1S( 1.0, 10.8 0.7,7.8 0.4,4.3 0.5,4-4 l'2,10.6 o.7,7'8 0'5r 5'5 0.6,7.5*

Ecpur¡uueD oN NEXT PAçE l



)__

I rneue to coNTtNvEÞ: ]
14 ÞEGR€ES Otr FREÊÞOYI " XL} æ'ä S¡CVIFISANT AT 57. LEVEL.."THERE ARE

slc,NlFtaAñr utpreR.ENc/ss,Ì\¿oT DUt ONLY To A SMALL PRoPORTTON OF ÞATA.

g' f ts oALouLATED, FoR enw lrl ¡NTERVAL AS E (r,lto er. oF d |NTERVAL x FREQ'

lN TTAT rwreevnu/TorAL FREQ' 68 7. SoATTER ¡s oALç'ULATEÞ By c'ufTtNç

167, oF ToTAL FR€q. oFtr EACH tNÞ OF ÞrsrRrBN. AHOWN lN TABLE. ErrREÞ1E ¿ INTER-

vAL.s ARE TAKEN AS O¡4^.,- AND lO, l4n¡eos FOR ÇHRONTC(AC.PX) Onre; AND

SIMILARLY rcR AcurE ANÞ c+lRo¡¡tc (cun'PH') ÞATA (tnetes 5 ANÞ t4)' tr MAy BÈ

SHOWN THAT II-{IS PROC.€DURÊ ¡NTßOÞUCE:S NEGLIGItsLE €RROK. SEE ALSO FIc'. IO.

(o) cHRONlc SLAB (cHRoNlC PHASE) Onrn
TABLE II: OBSERVEÞ

FREQUENCY ÞISTRIBUTION

INTEÀVA¡

0F ¿ (-s
OBS.

FREQ.

-45,-41
-@;&
-&5r-31
-30,-24
-2s, -21

-20,-16
- t5r -ll
-tor-6
-5, -l
o,4
5,9
lo,14
t5,19
zolÁ
L5,29
30r34
35,3t
&,44

2_

I

o
o
L
3
I

3
ó

l5r
62_

LL
t4
7
2-

2-
I

z
rOTAL L78

SEE Al-So FlÇ. 9(c).
ALSO, OBSERVEÞ Eå - 103'6 æoe

.'.J ' 1036 | zze - 3'740 -¡"oo.

TABLE 12: FITT¡Nç OF EXPONENTIAL EQN.:

AS FoK ACUTE SLAB ÞATA (rneue z),
ALL NEEATIVE ¿ MUST BÉ COUNTEÞ AS

ZERO. ALSO, As FOR AOUTE PHASE DATA

(tReus 7), otsseRVED FReQS. lN Htc-H

d INTEKVALS DO I.¡OT CþNFORM TO

EXPOIVTÑTIAL ÞISTKItsUTION ¡ ." DATA

FOR V/H[C+{ ¿ > SOmsæs ARE DISR€GARDEÞ,

GtvlNÇ REVrsgD WORK¡IVG TOTAL FREQ. 8 Ù3.
:.z:64f LZ3 - u ti¿b¿ u

V/I{EN?E b - O'l7l msocs-r

.'. aÊ = o.rz¡ 1++aÀ¿o'rzrÀ dd (s)

HENCÆ ARE C,qLO\'LATEÞ €XPECTED FREQS.

FOR CÐMPARISON h/IT¡1 OBSERVEÞ FREQS.:

INTERVAI

Jl d \ils(li

EXP
FKeq.

0Bs.
FREQ. X.

ut4
5,9
to, 14

15,19
--4

¡s7
67
28
i2-
I

r66
62-
2L
t4
?

+
J.z
tà
J-z
o

ÏOTALS L73 L73 3

4 ÞEC,RËES OF FR€EDoM, xa> 9t SICNIFICANT

AT 5% LEVEL. .'. EQN.(s) tS SATISFAoTORY

DESOKIPTION OF OBS€RVED DISTRIBUIION.

TABLE 13: COMPARISONI OF FREQUENCY DISTRIBUTIONS FOR AFÍERÞISCHARGES

RECÐRÞED ANTERIOR ANÞ POSTTKIOR TO ST¡MULATED POINT:

4 DEGRTTS OF

NO SIGNIFICANT

FR€ËDOM , x2> 9à StC'NlFtCANr
DIFFEßENCE.

INTERVAI

ur ó \Nk

ANJTEi<IOR POSTERIOR TOTAL

FREQ.

TOTAL

xLOES. FR,EQ. qP. FRE( O¡i5. FREç E\?. FRE( tt2

<-¡
urt
<a
¡0, 14

).15

5
78
27
lo
7

5
7o
27
ll
l4

o
I

o
o
3È

ft3

55
ZS
lo
2þ

r

tzS

25
9
r3

o
I

o
o
?I9¿

lo
t33
5¿
20
L7

o
L
o
o
7

TOIAi,S tz7 t27 4t il5 il5 4È 24z ,
AT 6 % I.EVTL. ." TìIER,E rs
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TABLE 14: C.QMPAR¡SQN OF FREQUENC,y DISTRIBUTIONS FoR AFTERÞISoHAR'GES

RECORÞEÞ AT DIFFERENT D¡STANCCS, ITI, FNOV STIMIJLAT.EÞ POINT:

NTERVAL

Jl-d Ltrs€¿/

lri = o,o 9-'. irl = l,l 9-'. lrl.2,2'9,n'' lrl - 3,39.' lri =4,4 9'"," lrl = 5,5'9'"'" r0T tvl

JÓ.ÌI x.Fr Ots.FR rx.ffi vz EKTR
yL )ts tR fXtr Y¿. 0ts-F t(.n ^,2 lß.F I-X.F¡ L FR xz

<4
5,9
>lo

t3
7
6

r5
6
5

Tz
o
o

3S
I5
r8

40
ls
i3

-J-

o
.)

2l
7
z

¡8
6
6

J-
L
(,
3

l9
.)
4

t7
6
5

o
o

.52
7
ll

z,
tt
¡0

J.
a
I

o

2-3
tl
6

a
0
D

B

o
t

-LL

t43
5Z
47

L

L
st

TOÏALS ¿b 26 /o|o0 bó 2-u 30 30 3È ac<o
t)o o 50 50 lJ-r& 40 40 là 242 ei

cl s.7 5-7 3-8 43 ar.9 4.9
| 9q cf lÊl l.l, l¡.0 l.l, [-5 0.6,7.5 0.7' 90 0.8, ¡o'9 o.9, 9.3

Io DEa'REES oF FREEDoM : xE > 18à SIGNIF¡CANT AT 57. LEVTL. ... TI{ERE ARE NO

SIGNI F ¡CANT DIFFERENCES.

S¡ SEÉ NOTE BELOW TAE¡-É IO. SEE AISO F¡G. IO.

(¿) rneuu ts
(i) Co¡¡p¡etsoN oF ossERVED ovsKALL FReQuENcy D¡srRrtsurloNs FoR AouTE,

cHRoNrù (noure PHASE), ANÞ cHKoNls (çHKoNto PHASE) ÞATA :

INIIKVAL

,,F d trurci

AOUTE çHRoNrÇ(Ac. PH) c.¡-rRoNrv (cun. eHi r0TAt-

FREQ.

TOTAT

^/,2OB.FÏ EX. FR FKv0 L^, rt\ x" Ots-FR EX.FK xz

<4
5,9
¡0, !4
15,19
>-?Ð

437
LOB
77
3L
sg

476
l9'L
65
26
33

3
t*t\

z
r -I-t¿
I

3et
t33
3B
lo
V

35?
144
49
29
25

¿tä
I

êL
E

2t

t66
6L
o4

l+
t4

t67
67
23
¡o
ll

asE
o
¡Ë
I

loo2-
403
t37
56
69

7à
3
4t
B

4È
TolAi5 792. 792- 9 517 5t7 ts-b 2J8 LN g t6Þ,7 27t

B DEGREES OF FREEÞOM : AA > 15à SIGNIFICANT AT 57. LEVTL. ." IHÊKE ARE:

slgNlFtoANT Þ¡FFgReÑc'gs ¡ HowÊvER/ tt\.lsptcrtoN oF TABLE sHoìt/s sloNlFloAt{cÆ

OF X" lS ÞUE ALHoST E¡{ftRELy TO ÞlFFe-RÊNcÆ BeTW€EN Ac-{rTE ANÞ c*lRONlC

(noure PHA,*) ÞATA.

(ii) seennnTe cÆ¡4PAr<lsoNs oF AcuTE ANÞ cÞrRoNtc (cHRoNiÇ enase) ÞA1A ANÞ OF

ç¿rRoNto (ecure exase) ANÞ chRorrti (cåRofJlc fx,+se) ÞATA :

IN TERVAL

0F¿ (n:-¿)

ACUTE !HKON;C(Ci|K r,r r0r
trì2I t\.

tvl
n¿LJB.R ¡Àh\ ^tL t.\.ltf

<4
5rg
tor 14
15,le

>.LO

i437

lLos
i77
I 
s:-

t38

4/

73
3+
3B

o
!å
o
o
o

loe
6L
't2
l4
t4,

l5i"
70
26
IL
t4

z
¡

J.t-
#

o

603
?7c
99
¿.4

52

ã
t!l&
J.

IL
o

roTAt-S wL 792 J-¡- 2r8 zrx LL ,07(

4 ÞEeR€eS OF FRerÞOM ËA9H , X. t 9È STCNTFICANT AT 5% LEVEL. .'.TFIERE

lS NO S¡ÞN¡F¡oANT ÞtFFER,ENoE EETWEeN AûuTE ANÞ g+{RoNte (c+{RoNto PHASe)

ÞATA. THsRr tS A slG,t¡rFrcANT DTFFeRENJC.€ BET'WEeN c,ÌlRoNte (norfre PHAse)

ANÞ c+tRoÌ.rte CcHnorv¡o pt{Are) DAT-A i BUf ÞuE oNLY To A FEw DATA FoR wulgH

¿, Þ 15 n¡a{¡4.o.

*

iNTEKVAI

Jrd(rü¿,

cHRoNt(,1c.nl oiRoNrc(orR ft r0T

FR

r0r
\fzlUf¡\ c .¡¡ ^t7 /¡\t-Á Ð{F[ X.

<4
5r9
lo, 14

¡5,19
>-20

399

l3i
3g
t0
t/

386
lùrt
4l

2l

I
L
o
o,
t
t

166

LL
2Z
t4
l4

t79
62-
It
I
¡0

I

o
z-

¡ -l-.tZ
r-Ll2-

56S

tts
60
¿{
3t

rJ-l¿-
o
I
L.

6i
Li

TOTAI.S ->?7 5e) 3à L78 L78 fr ll
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2. STUDTES ON BURST AMPLITUDE, V"^,
(o) ACUTE SLAB DATA
TABLE 16 : MEAN VALUES, Vno*, lN SEPARATE THIRÞS OF AFTERDISoHARG-ES

ANÞ AT ÞIFFERENT DISTANÇES, r, FROM STIMULAIED PoINT: EVr¿rx, EV,å",
ANÞ N (fOfnU FReq.) VÈRt c,oMPUTtÞ DIREST FR9M lNÞlVlÞUAL ÞAlA By

OAr{¡JLATINç MACHINE AND FRoM Tl-lEM v,n^" (' IVPrax/rt) nruo o (stawoeno

ÞEVrATroN, = J( rvå^,/t¡ - Vrå^* )) nne OAL0ULATEÞ:

r
(--)

FIRST THIRD SECONÞ THIRD THIR,D THIRD

IV*
('nV,

EVå
/ r/tl

N V.o,
hv)

q

GV)
EV"
(-v)

Ëvi
(-vtj

N V,,^
(rV)

a
(rV)

lVt*
(.Ð

TVå
(-v')

N Vh^r
(*v)

cÌ
(.^v)

o, -o',
-1, -l'9
-2r-L'
-3, -3't
'4,'4'5
-5, -5''
-6. -6't

3r.s
s7'4
&'4
47.1
7-6
5.2
o

55.t
10t.2

8s'7
56'0
6'7
30
o

33
sl
86
8l
¡5
z,
36

l-20
l.ls
o7
0.st
o.sl
o'18
o

o.62
o.85
o.63
0.58
o.4¡¡
o.u
o

&-2
65'8
86.3
s3.,
5't
6-4
o

44.'
il.f .3

lzf'5
68'6
4.2_
6.7
o

33
5t
86
8l
t5
29
36

l.t0
l-2,
t.00
0.67
o.39
o.22
o

o4
o-76
o.6t
o.&4
o.a
0.43
o

30'7
571
ßs3
st.t
5'3
6.8
o

11-7

86.9
t27'6

fl.1
s-l
6L
o

33
5l
86
8l
ls
ze
36

o.93
t.12
o.r9
0-74

o.3s
o.23
o

o.6¡
os7
o.7l
o.74
o.1c
o.{(
o

oro''
I, 1.9

2,L't
3,3'9
4r4''
5r 5t
6, 6-'

12-8
6t'O
z9.l
7's
*-o

o

?,5-9
,6.6
38.0
5't
L.9

o

L9
5S
L7
l4
l4

3

7'o.
1.il
t.08
0.51
0.31

o

o.s3
0.74
0-4t
o.m
0.33

o

?3'8
70-2
30's
8.S
4:

o

-340
1t2.0

3/.1
6.1
3.0

o

zt
55
L7
t4
l4

3

o.r9
1.28

l.13
0.6t
oj'

o

o-&
0.b+
o-31

o'2s
t:
o

2f.8
65.8
32.2
8.8
4'0

o

37-'
,8.L
45.2
6.S

L:

o

L?
55
27
l4
t4

3

o.%
l-20
l.le
0.63
0.2,

o

o.5l
o.2L
o.!

o

0.62
o'@

TABLE ¡Z: COMPARISoN OF ÞATA REC.ORDEÞ ANTERIoR ANÞ PosftRloR TO STIM-

ULATED POINT : DATA OF TABLT 16 @MBINEÞ FOR SEPARATE THIRDS :

lrl
(''..)

ANTERIoR (r PoSITIVE) PosTERloR (r NEGATIVE)

[V*r('t vå('f N Vr,o('i/) r(-V) fV*'(.I vå("v1 N v*r("v) q(-v)
o,o'9
l,l'9
2-tL'?
3r3't
4t4-'
5,5'9
ç,6-e

7e-4
t97.O
91.8
24-8
t3-l

o

103.9

306.8
t20.3
t7-7
8't

o

87
t66
8r
42-
42

9

o.9l
l.zo
¡'13
o'5t
0.31

o

o.60
o.65
o.M
o.12
0.31

o

t06.4
180.3
238.O
t6t.L
l8'8
¡8.4
o

142-S

302.4
&+o.8
Lts'7
l6'o
15't
o

99ts
2Sg
L43
+s
87
to8

t.07
r.t8
o.r2
o.66
o.42-
0.Ll
o

o.å3
o.76
o.6t
o'67
o-4L
o.37
o

TOTATÑ +06.1 ss6.8 42.t, o.93 o.63 7231 lo&3.3 913 o'73 o-71

N.B. lN TABLE 17 ANÞ FOLI-OWINC SIMILAR TAtsLES, 'ToTALs' FoR V¡4^x AND c

ARE NOÏ ARTTHMETIC TOTALS BUT AR,E CAI.OULAIEÞ FROI4 TOTALS FOR EVN^X'

:Vrl",, AND N. T'TAI-S OF VnAx ARE NoT D,R€'.'LY @HPARAtsLE BecAust N

tN rAg.H tvTERvAL Op lrl lS NoT SAHE FOR n PoSIT¡VE AS FOR r NEçATIVE.

FOR MAX. PRoBAtstLITY 57. THAT REG.RESSIoN oF Vûqx oN lrl ts lNÞePENÞeÀ¡T OÉ

slc,ì.t oF n, C.oNFIDEN9E ÞlsTRtBUTtoNs FoR SEPAßATE REC-RESSIoN UNEA FOR r
POS¡.ÍIVE AND r NEG.ATIVE MUST OVERLAP BY NOT MORE THAN 22I. (" 0.2¿"'.F-).
A NET 22.1, OVIr¿LAP W¡LL RtsrrLT. ¡F THe OoNFtÞtNct ÞlSTRlBuT.toNS c,rJT- EAc+l

OÍHeRAT 8g7.,æ * t.6-/Jñ. UstNG.'Totat¡t FRoM ÌAB[-E, THIS G'lvES APPRor. ÈO'OS-V

FOR n pOSlTlVt ANÞ *OO4'V FOR r Ntc',\TlVE. .'. SEPARAÍIoNIS > APPRo)C * O'O9'r.V

ARr S|GNIF|oANT AT 5,1 LEI/E'L. tNsPrcT.loN OF TABTE SHoWs eRtATÈR StPAR^TlotJs

oo occun, i Bur Erc€ss ls NoT CÆNSTANT lN ÞlREcT'lON ANÞ tS CoMPìARÁTVeLY

SMALL. NOT ßEG.ARDEÞ AS S¡çNlFlo^NT ¡N THESIS'
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TABLE I8: COMPARISON OF DATA FOR SEPARATE

DATA OF TAtsLE 16 C,oHBINEÞ FoR r PCLSITIVE AND

THIRDS OF AFTERÞISCÞIARG'ES i

r NEÇATIVE:

pRoceDtNe AS FoR lABl¡ 17, g9.l CoNFIÞtNOs UMlrs FoR SEPAR4a6 R.EGREssloN

LINES FoR STP RATE THIRDS ARE cAls'rljTtÞ To Bt t O'OSmV lN tAc+t 9Ase'

... SEPARATIONS > *O'Id/ARE SIGNIFICANT AT 5% LTVEL. ¡NSPESTION OF I-ABLT SHOWS

SUC/+I SE:PARAT|oNS Do ocÆuR i ALSO INoREASE OF AMPL¡ÎUDE, PARftsvLARLY FROM

FIRST TO SECONÞ THiKD, WAS coNSrSrrNïLY oBseRVtD eXPeRIMENTALLY. VARIATION

tsETWEEN THIR.ÞS IS THEREFORE REGã{RÞEÞ AA SIçNIFIC,ANT. STE ALSO FIC. II(*).

(b) CHRON¡C SLAB DATA
TABLE t9 : MEAN vALuEs, V"o*, lN SEPARATS tHtRÞs oË A?{JTE PHASE ANÞ lN

cHRONr9 PHASE, ANÞ AT DIFFEReNT ÞISTAÑCES, r, FROM STIMULATED POINT:

COMPILED AS FOR TAELE 16:

lrl
(--)

FIRST THIRD SEC,OND THIRD THIRD THIRÞ
iVtn^

hv)
iVå N V*,

(*V)
cr

(-V)
ly'*,
(-V)

er ¡L
àvm¡r

('V2,
N V"o,

('nV)
c

(-V)
[V*
(.v)

;VaL!ru

G"V',

N V"^
({'1/)

C
("V)

o,o-9
l, l'9
zrL9
3,3'9
4r4'9
5r5't
6,6.9

'"t3
t8.+
)5.5
d.,
12.o
5.2
o

8r.8
197.8

t2i.7
6¡.1
9.6
3.0
o

L2
lo6
il3
xs
27
a,
39

¡.ol
l.¡z

o.B4
o.58
o4l
o'lt
o

o.56
o.83
0.6¿
0's6
o.12_

o.u
o

(5'o
136.0

t16.8
(L.4
ro.6
6.,1

o

gs'z
2:2L-3

tq.c
74.7
7.2
6.7
o

62-
to6
lt3
t5
L'
29
39

t.05
l.2c
l.o3
o-&
o'37
o.zl
o

os2
o'70
o'@_

0.60
o.3Á
o.4¡
o

sg.5
tzLt
r l7.s
68'7
t.3
É.8
o

7t.4
l85'¡
r7¿-8

?7.6
7-3
6.2-
o

62-
t06
lr3
95
L9
L?
39

o'9jl
l.16

1.04
o.72
o.s)
o.2¡
o

o.62
o.â
o.67
o.7l
o'34
0.40
o

TOTAT-s u8.: +r /4 073 o-74 o.68 gt7-2 #1.i +73 c.84 o.7< 383.ì 54ß.¿ +73 o.8l c.7l

r
(--)

AO. PI{.: ISI THIRD AO. PH.: 2J.'THIRD AC. PH. ¡ sRD THIRD CHRONIC PHASE

lVr,
(*vi

¿vh
r \r1ìlrr /

N
('rV)

f
h^v)

[V*
6nV)

i\ ,a
1Ym
| \4

N Vn^,

(.v)
cr

(.V)
iV"
t-V,

n/a N vHA:
(,,"V)

a
6i\,

IV'"
Q"Vì

at¿
!\q N 'ru¡

("V)
(r

i"V)

Or-o.9
-1,-l'9
'2,-z'9
-3,-3't
-4r4'9
-sr-5'9
-6r-6'9
'7r-7't
-8,-t't
-r, -r.g

t6-4
2,3.6

lr7
16.8

14-7
7-7
-1.2
-t-s

o

t6.4

19..{

l6.l
t8.t
,.9
s.o
s..l
0.8

o

3l
48
33
30
3B
27
a
6

3

0'5
o4
0.6(
0'5{
0-3t
0-25

-0.01

4-2:

o

0.40

0.3Á

o'56
0.30

o.p
o47
0.t6

o

l7'3
23''
22.5
t8-2

t6'2
s.9
I'O

-zz

o

27
2h-3

2r.l
ts'0
15'0
6.1

3.o
t.7

o

3l
4g
&3
30
3B
2t
L4
6

3

os6
0.56

0ú8
0'61

04i
0.33

0.04
+!,

o

0.3s

o-{
).12
0-48

0.4(
0.36
0.35
c'39

o

t4.7

3r.t
?ss
173

19'o

7.8
4.0
-l-2

o

16.4

3¿.1

3õ'l
19.0

t6.8
s.3
s',+
o.7

o

3l
,14

3]
30

38
27
u
6

3

o r4z

0.65
0.78

0..s
0.sþ

o.29

0.t7
4'Zo

o

).5t
r.63

r'5s
)-{4
J.g
,.4
,.28

o

25.0

58.8
35.t

2{.5
-0.7

?
-5.4

234
n6
714
22.4

l,lg

:

35
20
20
+g
30

2

:

0.71

0.84

l.E0

0.51

0{2
¡.r8

{.s(

o.7t
0'7!
0.t
0.6,

0:

i
o, o't
t, l'9
2,2'9
3,3't
4'1',
5,59
6t6',
7,7.,
8,8't
9. r.,

13.5

34.S

t6-4

4.6
29.7
4'7
1.6

'-.
24

6':

r.l

u.6
37.1

18.4

2.7
cL'2
33
l'o

t8

st
3e
rg

3t
14

3
t:

6

o.x
l.5t
J'4.2

0-26

).7É
,.36
).s3
,:,
0.4ú

0.s3
0.54

0.2s
o.so

0.3s

0.?2
o:
o.ls

0.29 ¡4.1

31.5

te'8

4.'
u'l
s.9
tz
t0.5

3.6

il.6

30s
25t
3.3
26.S

s.2
0.5
t0.7

2'S

l8
59
3t
t8

3t
l4
3
tz

6

0.78

0.s3

0.st
o'D
0.a
0.42
0.40

o.88

odo

0.tE

048
0.63
0.33
0.s5
044

0.3s

0'u

l¡t.t
32'l
a.l
7'S
2b6
.{.1

z'3
ts'7

3.6

t5.3

3{o
2j,
s't
30s
3.1

LO

A,O

a.3

l8
st
3t
18.

3t
l4
3
tz

6

0.83
0.s4

c.6¿

0{2
0.6t
0-2t
,t7
l't.l

:.

)'4 |

c.s3

0.5€

0.3t
0.5ó

)'37
,.?5

,-a

0.t4

{t.5
830
2a.l
8'7
v.t,

Y

3.0

8'.1

158.2

37-6

t.3
59.c

,:

l.t

20
66

29
l0
60

:

r0

-0'58

l.2h

l¿l
0-87

0.tÉ
o-:,

ttt

0'30

0.rú

0.6s

041

048
o:

0't4



TABLE 20: ç,.oMP¡R,ISON OF DATA

ETIMULATEÞ POINT:
(¡) AoUTE PHAõE: DATA oF TAtsLE

- I¿O -

REC,ORDEÞ ANTERIOR AND POSTERIOR Tþ

19 COMB¡NEÞ FOR SEPARAIE THIKÞS:

lrl
(--)

ANTERIoR (r postrrva) PosfERtoR (n NEçATIVE)

iV".(i1 VåGI, N V*,(;r) c('"! Vt*l-, -¡2- t,1l-irqt\ñr, N /r.^'GV a(.{
o, o't
I r t.t
LtL'
3,3't
4,4.t
5,5't
6t6-9
7t7-)
8, 8.9
,,r-9

42.5
t8.4
@3
t7.o
80.4
t4,7
5'r
32-5

9-6

38.5
tot'6
7LO
ll'9
8r.5
lr.6
3-5
38.Ì

5'9

54
177
n7
54
ll7
1L
9

'j
t8

o'7t
o.s6
o.52
o.3t
o.69
o.35
o.s7
o.ao

o.Ë3

o-30
o.sa
o.5,
o.35
o'sl+
o.3t
o.2h
oj'
o'¿l

+8.4
8l'6
68.O
5¡¿.3

49.t
2t4.1
3.8
-+:

o

ss.s
81.8
70'3
5s'r
41.7
l6'4
13.8

Y
o

,3
t44
,,
,o
I14
8l
72
r8

9

o.s¿
o.s2
o.69
o.58
o-4
o'30
o.05;

-o.L7

o

o.s6
o-50
o.4t
o.53
o.4¿
o.&4
o.44
o.33

o

TOTATI 360.S 37â6 624 o.58 o-51 32.3-5 338.6 72þ o.45 0.52

pRoeEeDtNe As FoR TAtsLE t7, 89U CoNFTDENOE L¡MllÈ FoR sttP^RATE REGRESS-

ION L¡NES FOR r POSITIVE ANÞ r NEGATTVE AReCAt¡//táTtDTO BE *O'O3n'V lN

BOTH OASES..'. SEPARAT|oNS Þ ÈO.06¡,.V AsE SlcNtFleANT ATS); LEVEL. ¡NSPEoTIoN

OFTABLE sHov/S suc,t-t SgpAtrAltor¡lS Þo oC¿URi lN PARTIoULAR, lN THe KEG'(ON OF

lrl . 3,--, V,n^,, nffeARS TO PASS THRoUçH A MlNtMuM WHEN r lS POSITIVE BUT A

MAXIMVM WHEN T IS NEçATIVE.

(tt)ueourc FHAsE¡ FoR DEpENÞeNc/r oN lrlrseerABLt 19¡ wHeNoÈ ToTALs¡

ANTERtoR (r PoslTlVE) PoSTERtoR (r XeorrtVe¡
lVr,'^*(t I VHx QnY N Vì.Ar(;'ì r(-\) IV,*(''l/ tv"h(* N il"^"('v) -('V)

rOTAU LtO.6 352.9 2-36 o'89 0'8.{ 16l .8 265.1 433 o.69 o.8l

8gl CONFIÞENOE L|MIT.S ARs t o.o9 nV FOR r POSITIVE AND t O'OB 'r'V FOR n

NEçATIVE. ... STpARATIONS > O.t7-V 
^RE 

StçNrFloANT AT 5'l, ¡ÆVEL. INSPESTIoN

oF TAB¡-E lg SHoh/S sucH SEPARATTONS DO OCCTJR, THoVGH QUITE uNsYsTtMAflg^tlyi

vARtAïtoN lN v,r^x SHOWS l¡O ORDeRLY DEPENDE'NCE ON VARIATION lN Inl.

TABLE 2t: OoMpARtsoN OF DATA FOR SEF^RATE THIRDS OFACUTE PI{ASE AND

rcR C+lRONts PHASE : DATA oF TABLE ¡9 COI4B¡NED FoR r P0stTlVE ÂND r ì{EGAÎ|VE :

lrl
(*")

AC.PH.: 16r TH¡RD AC.P!1.: 2"Þ THIRD AC.PH.:3ßD THIRD c,IIRONIO PHASE

tV" ;llL
\r¡

N Vü¡
("v)

q

\r^v)

LVru

Qtlv,

tv'i
T.Lqtv,

N Yñ¡t

GV/

cr
0'v)

iV*
@;

TVå
(*v)

N v*,
(t/)

CT

('V)
fÍm
GV)

fV';
\ûï ;

N {*.¡
,iì/)

ç
*v)

o,o'9
trl.g
2-rL'9
3rõ'9
4,4'9
5r5''
6,6'9
7,7.9
8,8't
9,9.9

ß.4
36'r
LI.A

u4
12.Á

0-4
6.8

2.1

565
34.5

2t6
42.1

8.3
6'4
7Z

r'l

4?
t07
7L
48
77
4la
t8

9

0'61

0.s
).50
0.4s
?'58

0.30

0.0r
û3t

1.2f

0'{5
,-15
ù18
c-50
0.16

û33
0.49

0.51

o.u

3¡.4

58-4

4¿-3

?3'l
40.3

d.8
L2
8'3

3.6

34.3
5óf,
4.8
,l\3
4t.8

It3
5.5
V4

¿-s

49
to7
7L
48
77
4l
27
r8

,

0{J
0.55

o.st
0.{t
0.5,

0-&
0.d
0{r

0,ÃÍ.

0.9
0.€
0.55
0.46

0-s2
0'38
0.3s

0.69

0.u

n.6
ç3'Z
49.9

M.8
45.É

It'9
6.3
12.S

3S

3t7
æ'l
61.0

M.'
+74
64
v4
4.7

&3

49
t07
7L
48v
+l
L7
rg

9

1.60

05,
0.69

)'s2
05,
0.t)
0'2;
o6t

0'4(

o.$
0.5s
0.61

0.9
0.sl
0-s
0{i
O.ET

û3|

t3.5
4t's
00
33¿
5e'r

1.
-5.,1

3.0

3l'8
¿60,|

[¿.(
37.1

833
%:

3,-

l.l

55
t36
.10

58
to

a
to

k)

0.2I
l.01
l'sc
0.ç
0{3
o.!

{.9

0a(

,v2
r.8t
j-7

t,
r.14

TDTâL$ LIL.' 448 ,,4j I?4t 7".Ìr; 448 0.6ú >51 )Bt +48 1.S )56 ct. t rQ-t b, t7t t.t¡

[oomruveD oN NExr PAc€]
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frneue zt coNTrNuED:]
PROCEEDING AS FOR' TABLE 17, 897, CONFIDENCE LIMITS FOR TÞIE FIRST, SECOND,

AND TI{IRÞ THIRÞS OF THE AC,I,TE PHASE ANÞ FOR THE C}IRONIÇ PHASE ARE

oALOULATEÞ Tþ Bt ro.o/4niv, *O.o4'lîV, Êo'o4,,.Vr ANÞ +0.06mV RESPEOTIVELy.

... SEP¡ÀRATIONS > * O.O8NV BETWEEN THE SEPARATE T1{IRDS OF THE ACU'I€ PHASE,

AND> O.l0nV BSTì./E€N THESE' ANÞ THE C,r{RONl9 PH^SE, ARÉ slGNlFlc¿{NT AT 5X

LEVEL. llrsPEcnoN oF T¡åEl¡ sHows StJoH sEPAR^Ttot{s Þo ocÆ¡'Rr ESPeclALl-y

BETúeeN AotrTE pHAse THtRDs AND ct{RoNlc PHAst i ALSO INOREASE OF AMPLI -
wDE ÞuRtNa' AOUrr PHASE rdAS C,oNSTSTENTLY OBseRveÞ E)(PERiMENTAIJ.y.

VARIATION BETWEEN ACUTE PHASE THtRÞS AND ct{RONtc PHASE lS THEREFORE

REGARÞEÞ AS SteNtFloANT. Rt. 
^otrTE 

ntAsE THIRDS, SEÈ 
^l-so 

Flc-. ll (t).
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3. STUDTES ON tsURST- BURST DELAY, 6

(*) ACUTE SLAB DATA

TABLE 12: OBSERVED TABLE 23 ¡ FITTING OF NoRMAL ÞlSTRtBuTtON:

FRTQUENCY ÞTSTRIAUTìON: OBSERVEÞ DISTRIBUTION HAS PARAI4EÎERC TT{US:

IMTER\'1I

oFS('*
otss.

FREQ.

-4o,-S
-35,-31
-&,-%
-ßr-il
-?.0r-llÐ
-ls,-ll
-to, -6
-5r-l
Q,4
5r9
lo,14
15,lg
20,21
E,D
30,31
3s,39
Æt4
+5r4t
5Or5,+
55,5t
@,þ*

2-

o
I
7
I

za
30
10
lt7
.9{
56
39
23
12-
t
4
I
I

4
I

I

TOTAL 444

EE t 227s nsæs, fS¿ - lo0l5l msoc^sl, N E ¡{+{

.'. 5 . S'12 trsèo¡, q . 14 ' ll -rr"r, ax ' 0'68 nt'aa '

tN FtTllNC' À NoRMAL ÞlsTßlBUnoN, DATA FOR

WHICH S < -Sl w'r¡eæ OR I > 50 ¡Ts¡'cs ARE ÞlS-
RecAFÞtÞ ¡ THIS ÊIYES RttvlseD WoRKltìfC

PAR,\HEIERS THtls:

!t ' l)58 rnsæs, tSt: 83526 -tecta, N ' 438

.'. 5 ' 4.47 ñs¿.cs, ø . l3'OB ñEeÆ.s .

HENCÆ ARE 9ALeULATEÞ, USINçr STANDARD

PUBLISHED IABLES OF AREAS BEI-oW THE NORI'TAL

cuRvE, EXPECTEÞ FR'eQS ' FoR cOr{P^RtSOñ.,

WITH OBSEFVEÞ FR€QS. GßOVPED IN IUTEßVAL,S

oF ts rns¿o¡ sYHMerRlcALrY (Tþ ve'rresr s''s*r)
ABOUÎ ¡¡5 ¡reAN.

EXP
FREO.

oBs.
FRE0. *

)FS ("sr.

s -ll
-1O,4
5,19
þ,4
>35

5t
167
t6l
47
4

40
187
l.l t
+9
¡3

6
2l
¡

I"*
Tì'TAt.s 438 43C ¡z

3 DEOREES OF FREEDOM : XI > 8 SIENIFIC'ìNT

AT 5 % L-EVEL. .'. NORt{AL ÞtsTRlBN' lS NoT SAÏIS-

FAOTORY ÞESC,RIPTION OF OtsSERVEÞ ÞISTRIBN.

(eur rs sATtsFAcToRY Ar o'5 r LEVEL).

OF FREQVENCY DISTRIBUIIONS FOR SEPARATE THIRÞS OF

SEE ALso Fle. l2(o).

TABLE 2,4 r @ì4?ARlSoN
AFTARDISCHAROE6 :

I8 ÞEGREES OF FREEDOM:

sleNlFloANl ÞIFFEReNCE

X2 > 29 SIGNIFIOANT AT 5% LEVEL. ." THERE

BET}'TTN THE SERAFATT THIRÞS.

INTEßVAI

)F 6 ('6â

OBS. FREQ.IN THIRÞS TOTA

FßEQ.

L ÉXP FKE

f,RTHIRI

XL

¡5f zto 3rD l8r L- 3r¡ TOTAL

<-16
-15,-ll
-þ, {
-5, -l
0r4
5r9
10, K
15,l9
þ,%
>2,5

5
6
lo
l4

45
t8
l9
l3
6
IL

7
lo
ß

l4
35
2l
ì8
lo
l0
t5

7
5
12-

12-

37
t5
l9
l6
12-

¡3

l9
LI
30
40
ll7
54
56
3t
28
40

6
7
l0
t4
39
r8

l8
l3
9
l4

o
o
o
o
I

o
o
o
I
+À

o
It
Iz
o
.¡-L
*
o
I

o
o

o
J.L
J-Lt
ot
o
I
¡

o

o
2-
ItIt
I
o
2-
2_
I¡-

TOTAT¡ l.+8 148 148 444 148 2+ 4 A lel
IS NO
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TABLE 2.6 : MÈAN VALUES, õ, tW D¡FFERENT TNTEKVALS OF MEAN DlsTANsE,

F, FROM STIMUL^ÍED POINT AND OF SEPARAT¡Ob{, ar, BETV/EEN RECORD¡NÔ

ELECTRODES : g¿¡4p¡LtrÞ AS FOR TAtsLE ¡6 : NOTE THAT Tl{E SIGN OF Ar lS
ALWAYS TT{E SAME AS ThIAT OF F :

INSPEoTION OF TABLE SuÊGESTS THAT THERE ARE lNrE;RACTtoN EFFEC.rS \"lHtcH'

BEOÁUSE OF UNEQUAL FREQIJENC¡ES (N) IN DIFFERTNT F ANÞ AN INTSRVAI,S, \^/OUI.Þ

TNVAL¡DATE CTMPARiSoNS oF DATA C^oMBINED FoR EQUAL F oe Af,. HOWEVER, DAT¿l

MAY Etr ROUtrILY COMPAKEÞ tsY TREATING FAIRED GROUPS OF DATA AS tsINOMIAL

SAMPLES (i.e. tsY SteN TEST):

(i)c'ovennlsoN oF DAIA REooRDEÞ

tN INTERVALS OF IFI N¡IO IATI,

WHIOH IS NOT A SIENIFIOANT

BE COMBINEÞ FOR F POSITIVE

ANTERìOR ANÞ POSTERIOR O STIMVLATED POg${Î:

NUF4BEK OF TNTEKVALS HAVIN* {Ê,"* t E"*" ls 2ål

L6.*" t6'*.o ls s$
CÆNIKAST AT 5U LEVEL. .'. DATrI 0F TAtst'E 25 MAy

AND F NEGATIVE I

(¡l) C,o¡4pARtSoN oF DATA RËcoRÞED lN DIFFeRENT ¡NTtRvAuS OF lFl :

NyMBER oF coNSEOUTIVE PATRS OF lñl INTERVALS FoR l./H¡cH, AT c.NsrANTlÂrl,

{n 1^" tr¡ î É ;ì
[5 ù 

^" 
lrl t ¡s r] wrr,cu rs NoT A EloNtFroANT CÐNTRAST AT s7. LEVEL (wurctt

WqULÞ REQy¡RE 7¡o cONTRAST) i BUf NEVERTHET'-ESS ls l.¡oTtD lN THESls.

(iir) CtmfnntsoN OF D^TA REcoKDeÞ lN ÞIFFERENT INTERYALs OF larl '
NuMEER oF cASEs FoR wHrclr, Ar coNsrANr lrl, jFP.;rr"rì: FPrl,rl S t]

l60a.l"¡, t'r)> 5(l¡'l'a,r$ ts ol

tS( J.: ).5( ¿.. ) ts z¡

iãQçl "¿,2'¡)'5(¿d's,¡'t) s ol

L5( ¿-. ). s( ¿". ) ls I
wH¡cH ts NoT A S¡cNlFtCAtJT CâNTRAST AT 5% LEVEL (WUtott V/OvtD ReQu¡Rt

g X g:O ooNTR^SYs) ¡ 8W N€YEFTHE¡-E66 ts NoTtÞ ¡N THEslS.

r
(--)

lar = O, O'9mm lar¡ ' ¡, l'9wrwr lAr¡ " ¿,2-'9-- lÄ"l ' 3,u't-.,
I.E
e"Ð

5.t' N E
(ms)

g

ó.r¡
>.5
(ns)

ES' N 5 q

,rne)

r5 EE'
C"*

N E
n¡)

C :E
(¡ar)

TS
h4

N E çl

?
*

fr)¿

O, -o't
-1, -l'9
-4-L'e
-3, -3''
-4' -{'t

-n
180

î

653
4$92

stsl

,
L4

:

-7.
75
3:s

t 3:
¡t.8
tc

2
470
,11

8o

5s5f

EE

36
69

I

;
'.'
8.t

ris
l¿{

8'l

3gO

il
Ví

t53Â,r

llal
4221

5r
2A
t6

i,
3t
t0'0

,J*
6-4
,:t 238 35¡( r8 t3'¿

o, o'9
l, l'9
2-tL't
3, 3't
4,4-g

-104

t05

,*
Y'

;
,:

-5.9
t_,

t4.,

1'
-25
ls

,Ã

i
*u

'-'

L.?
n:

-41

Y
4s7
,._u,

;
:

i,
i

5-6i 7v 32tû æ ?s4 t9.2

lFl
(--)

lA"¡ ' 0¡O9-- lÀnl ' Ir l'9,""r lÀrl ' 2,2'9nn lArl = 3,3'9vn-

E5
(rqÐ

ft^
(qS)

N 5
tnl

t
(n¡)

>-E

(îs)
E5'
(trê,

N 5
('"ù

ar
(ms) (.¡)

z6 fE
(ns')

N S

@.s)

,
þ.)

:S
(ms)

E5'
('',r.

N I
(vs)

ar
iîs)

or o'9
¡, ¡.9
L,t9
3r 3't
4,4'9

-71
76i

6s3
)293

-:
t

4L
tl

-7.,
t'g

T
14.c
7.7

3.2
-l)I
r86

g0 1300

*
tjt

t

+.3
2.s

8.t

t0.4
u.6

8.1

3t9
ss/
tn

r5/è ;
s7
Ì8

;
5..É

6'3
l0'0

l9s
t¿.3
¡r'8 "^r:-

32t0(

35rC

30
l8

u*
Y

tt-2
4-5
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(b) cHRoNlc sLAB (ncurg PHASE) DATA

TABLE 26: OBSERVEÞ

FREQUENCY DISTRIBUT¡ON !

TABLE 27 t F¡TTINç 9P ¡IORMAL ÞISTRItsUTION:

oBsERvËÞ ÞISTRIBUIION HAS PAKAMEÍERS THUS:

!E = ll87,..*c, EE"' 195732-rnse-cl, N ' 447

.'.6' 2'66-ro*r g - 2ß'73ñ*, fN - O')Bns*e'

DISREç^RÞINç 6 s -51 -s-u ANÞ E ¿ 50-'.. (AS

¡i.J TABTE e,e), rnest Bec¿Ì48I
EE = 9l2mso{,6, EÐ4" lSL3O7,n"*L, N t 436

.'.-E .2'O9".r*, ø t 18'58 ^stts.
HEN?gI A,S tN TAELE 

'-3:
ÅtiEKv,{L
oF g(*,

EXP.
FREQ.

oBs.
FREQ.

vL

<-3¡
-30,-¡6
-8, -l

o, [4
15,29

>so

tOlo

5e
t2l
132
77
93

l9
4's
lo6
l50n
3B

o
sÈ
L
aI
¿-2-

o
\5

TOTAI-S 436 436 ll

5 DEÇ'REES OF FRETÞOM 'I NI > II SIçNIFICANT

AT 57. I.EVEL. ." NORMAL DISTR¡BUTIOF¡ IS SATIS-

FAOTORY DESCRI PTION OF OBSER,VED DISTRI BUTION.

NTER\AI
Jf b r.ñl¡t{

OBS.
FREQ.

-7O,4ç
-65,-6t
-60,-51
-so,+6
*45,l4l
-4O, -3,6
-35,-31
-30,-&
-Æ;A
-zo,-16
-t5,-l¡
-t0, -6
-5r -l
o,4
5,9
lo, 14

¡5, 19

þ,M
t5tz7

130,34
l3s,3t
l&,4
145,49
I 5O,s4

155,59
I 60,64
165,79
I eo,e+

2-

I
o
4
7

¡

7
lôt1

¡4
r9
30
38
38
66
44
44
4L
23
¡s
t7
4

12.
5
L
o
5
o
¡

TOTAL 447
.SEE ¿Er,So F¡e. lz (b).

TABLE 2g : CoMpARrsoN oF FREQUEN9Y ÞlSTKltsuT¡ONS FOR SEPARATE THIRÞS OF

ACUIE PHASFjS :

20 ÞEçßEES OF FREEÞOM: XA > 3Iå SIÇNIFTCANJT AT 5% LEVEL.."THERE

ls No stcrtflFtoANT ÞTFFERÉVOe BtT^|l/eEN THE SEPARATE THIRUS.

INIERVAI

)FEGeee

oBS. FREQ. lN THIRÞs ÏOTAL
FREQ.

:XP. FREC

¡rf z¡¿o 3RÞ Eß ÏH¡RI ¡sr' r 38D TOTAL

s-2¡
-23. r-16
- ts, -ll
-10, -6
-5r -l
cr4
5,9
lor 14
ls, It
2!,2'4
>28

to
7
ll
t3
t7
2.5
t5
t7
ll
9
l4

¡9
6
IL
I
t+
25
l3
ll
l5
5
zl

t9
6
7
17
7
l6
12-

l6
l6
7

L4

4B
t9
@
3g
3g
6b
40
4+
42-
23
5e

l6
6
l0
t3
I!1

2L
l3
ls
t4
(!
o
l9

z
o
o
o
t

I

!¡-
J-
J.L
o
rt

-[-L

o
J-L
L
o
.LL

¡

o
I

o

J-L
o
I

I
3
là
o
o
)-
2-

o
tÈ

3
o
rà
3
+
L+.
-LL
It
¡

3
TOTAI"S t4t 14, 149 M7 14t rt

tr ¡- 5È 9 2l
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[rneue ¿9 goNTtNuED:]
(¡¡I) comraRtsoN oF DATA REooRÞED lN ÞIFFERENT

NuMBER oF oA.ses FoR v/H¡cH, Ar coNsrANT lF
Gtt¡"t.0,o.9) t6(ta.t'1,1.9) ls I ¡ v¡ce vtRsA ¡s
lË(ta"l 'l,t'i) >6'(t¡"1 =2,2'9) ls 3i vtoe vERsA IS

lõ(t¡.| -2.,2.t) > E(la"l.gs'r) ls zi vlcg v€RsA ls
l6(t¡"¡ "3.3'9) > 5 (lÂrl '.1,.1't) ls o i vloE vEßsA ls
l6(ta"l '¡,<'9) > Ê (lad - 5,6'e) ls I i Y¡ce vER'sA rs

[$Ü¡'i .s,s'r) ' Ë (l¿"t '6,691 ls | ¡ vlce v€RsA 16

SIONIFIOANT CONTRA8T AT 51 I-EVEL. ."THERE I

oN larl.

tNTERvALs oF laîl :

wHtcH ts N01 A

APPARENT ÞEPENÞENCE

TAtsLE 3¡: FIÍTING OF NORHAL DISTRIBVTION:

OtsS€RVEÞ DISTRIBUÍION HAS PARAMETERS THUBI

E6 " -lll9 m¡e,"sr 16l ' lOSSLl ^tæsL, N t 186

.'. 6 . - 6. Oi. m"e^c, t - 2?, 02 ,..r"r, c" ' l'69 n¡c.o¡

DISREG^RÞING S f -Sln¡¿cs AND I> SOtr"t (AS

lN TABLT æ), THEST Becol',lE:
!$ o -509-scc, ESr' 56OZ7ms6a, N'178

.'.$ " -a'86*'oc, sr " l/'$ZúsÉs.
HÊNoE, AS lN TABL€, ¿3:

NTEKVAI

)F S ("..d
EXP.

FREQ.
oBs.
FR€Q *

s-21
'2o,-6
-5, g
lo,24
>25

L9
5l
s7
3I
to

L7
A2-
5B
35
J6

o
It
o
È
3t

TOTALÍ t78 17c sà

4 DEeReES oF FReEDoM z X¿ | 
't 

StçUtrtcluT
AT 5 X LEVEL.."h/ORMAL DISTRIBUTION IS SAÎI3-

FACTORY DESgR¡P.rION OF OBSERT/ED DISTRIEUTION.

SNO

(o) cHRoNlc sLAB (cHnoulc PHAsE) onrn
TABLE 30: OBSERVED

FREeUE'Ncy ÞtsTRlBultON:

SEE A¡-so Fto. 12.(o).

-120r-¡16
-l¡5r-8¡
-80, -76
-75,-71
-frr-6
-65, -6t
-60r-$
-ssr-51
-50r.16
'Æ,4
4r-s
-35,-31
-30,-2b
25,-T
'nt-v
-tsr-ll
-lo,-6
-s, -l
ot4
s,g
þrB
15, ¡t
D,M
ß,D
30r34
3s,3t
&,44
45,4r

I

o
3
o
¡

o
3
o
¡

o
2-
L
I

l4
t7
12
l3
6

43
I

t7
t6
2-

6
7
2
o
I



TABLE 32: MEAN VALUES,

F, FROM STlÌ'1ULATED POtNÏ
ELTOTROÞ€S : C¿MPILED AS

' t)) *

-t, lN DIFFERENT |NrÉRVALS OF M9AN D¡STANCE,

AND OF SEPARATION, Af , BEtwtEN RECoRDIN9

FOR, fAgLE 2,5:

(¡) coF4PAR¡soN oF DATA REcoRÞED ANTER'IoK ANÞ PosrtRtoR' To srlmuL-AreÞ PoINT¡

N |NTERVAT-S OF lf I euo lacl, ¡lu¡{etR oF ¡NTERVAIE HÀVtNq {6'...- t 6'""." ts il
[-5."* ] õ",,." ¡s ¡l.

PROCEEDINO AS FOR ÎABLE 25:

WHICH tS NOT A stGNlFlCANT CONTRAST; THERE

MEANINGFVL CONCI-r/SIONS TO BE ÞRAWN. DATA

F POSITIVE ANÞ T NEGATIVE :

lrl
(*.)

lA.l 'o,o'9nn lAnl ' l, l'9 r""'r iArl' 2,2'9-- lÀtl '3r 3'9¡'-
It
.-t)

¿E'
(*¡'l

N E
(m¡l

V
(.¡)

I.E
(ru)

E6'
(nf ì

N E
(øÒ

rl
Ga¡l

5.E
t*1,

[.6'
(nf

N -s

(m.)
i
('"'l

ãS
(ns)

E5'
(*tt

N t
ht

C
(nr)

lrl't
2,2'9
3,3.9
4 ,4't
5,5't
7,7'g

-t0
-61(

-r5

6t5(

125

29

1

K'

-0.s

-ut

l8'7

t7.5

3.2

.-vt5
/Ê

-435

-¡uv

,7A

lsTJ

9tso

2Ã
lo
29

:

tvz
-ç5
-2t7
':'

l3.t
lo-7

7-9

T',

-¡s5 t2 t8 2-9. t7.3 1
l0

-t3[
¿sú

*-

l0
lo

,!

h0
-B'¡

't:'

+.,
¡{.t

(¡¡¡)CôtlpARtsoN oF DArA Rec,oÊD€Þ lN ÞlFFeR.tNT INTERVALS OF lOIl:
NUMÞER OF

AFE INAPEQÚATE ÞATA FOR'

ARË INADEQUATE DATA FOR

OF TAB¡E 32. ARE COMBINEÞ FOR'

v/HtoH lS N01 A SlG.NlFlcANT

MEANINÊFUL @NOLUSIONS T?

o,ONÌRAôT i THTRE
BE DRAWN.

F

(n,-)

lA"l ' O,O'9-", lÀnl ' l, l'9-'.r lAnl ' L¡L'? c',t, lArl ' 3,3'9--
lË
..$

ts'
û"0

N E

(.1
ar

(rts)
r6
ms)

5S'
(.t)

N Ë

i.s)
t

þro
TE
(.¡)

ls
1rru'

N t
ú's'

a
(r"Ð

>E
(-Ð

ts'
ht:

N t
(n¡)

I
("s)

-l , -l't
-zr-r,
-4r-4''
-5. -s't

-35

i
tsTl

.Y
lo

1

'\tÈ
-7t2

120

ßv
-u'0

3{s
-65

tta
lvJ
tr51

2þ
¡0
20

17.z

-e5
-s'0

13.8

ß7
æ.8

75 0¿s I i 1. 150

l0

+
19

2þ

to

7.5

¡o
Y
4.'

I r l.t
LtL'
3, 3'9
5, s't
7, 7',

25

-t5 r25

¡0 .-'

-r.5

i'
3.2

{3 zo {l-; 7-'
lo .0I -i

-85

2A

t0

4-1 ¡1.0

l,t't


