
ANALYSIS AND INTERPRETATION OF 
BIO-ELECTRIC SIGNALS-EEG 

A DISSERTATION 

Submitted in partial fulfilment of 
the requirements for the award of the Degree 

of 
MASTER OF ENGINEERING 

in 
ELECTRICAL ENGINEERING 

(Measurement and Instrumentation) 

By 
R. K. GUPTA 

/7/,7O 

,a 

 

DEPARTMENT OF ELECTRICAL ENGINEERING 
UNIVERSITY OF ROORKEE 

ROORKEE 
1980 



This As to oer#it that the 4ia art.ti+on 
tatL .t "inalyai. and lA rp statim of lis-eleetric 
31pals a- US's  MhLoh is bslnj WAWAU M4 by Mrs EL Gupta 
In jertIai fultJlasnt of the req*ire its for the award 
of the Opec of iha#rr of a uwori In ilsatriesi 

izaaring (messes sni aM Znstruasnts+t ) of 	I 
UnLv r'aiit Of ork.., aarkos, is a rasord at student'., 
own water earned out under ,' stpirvi.ion sad galdw r, 
The setter axed Sn its dissertation has not been 
au itt+4 for the award of ay degre* or dipires. 

This is to turth.r o rt i4 theths has 
vorka" ter a sriod of  tion 
to  	; ,, for pr.perinj this dissertation at this 
tat eraity. 

Dead I Oct. 91 01960 
lecturer 

I w rs1t at Roorhee, 
Aaoa 



as author is iMabted to 0 vest aa ay ►pl . 
Veto" starting the nusoript, the OUVWr dia srt* the 
rsti+ale with Mr. ' thed Z'wsr, Imot r, eotricsl 
LL€ü&eeria*jDspsrtasnt, University of Roorkea, who In all 
sinsersty CZICOUrs4mI bin Lupi only to take the first stop 
it also resohi the 4*sUjaation In en aoo aenxisr. 

Th .& or 10 amply indebted to all the salt 
r.sesrohsrs end workers is this field#  who" pblished 
netter have been referred to, in this is . 

to ivs Mpor  wit, to his parents, .11 the 
friends, and wsll ishexs would be laipoasible. A special  
vote of tbazaks is dUe Mr. U.B. 8!"gh a4 his fly, for 

rblplxij bin ► out in 06MIOU the thesis. The s ithos 
I& jratstul to C, Central Railway for provldinj bin an 
opportunitycomplete the thesis. A special 	 tion is 
dwe Mr. Ashawini 5hsrne whoss tisely bili lade Ida  
$floos*ZU1. 

The alar qua non role, Of typing and 4rswtgr wary 
played by Mr. Dean Dsl and ht. 8.e. Bba a s. 

ins, the actor wishes to expo oss the deepest - 

spprssisti r to a11, who helped bin dirsotly or Indirectly. 



Y1. 

ba 

47 
0 
49 

50 
Si 

54 

60 

62 

66rrn.72 
66 
67 

V.7.1 	M•tie* of no  W 
V.7.1(a) Panater to 	staticsrtUss 

V.7.2 Ob.ao$ri.tio A 1 UC ftrawtor'. 
Al 23" Dow" 

V.7.3 ColftlolU ► Pr000du" 

V*$ Ruts g  Dise s1 

A. Drrir.t, to of Tsbu1ate Ys . 
B. Dits for the Tables (V.l) to (V.4) 

C,) 



CU!IPICATZ 	 CU) 

8UOII 	 (it) 

CEAPMS 

I. 	UODUC?I0I 	 1 
lie AIATOJ4T A3W NI0I0G7 	 7 
III. 0 UL TIQI AND CSC IBTICS 019 

*IO"ZZZCTIIC BIUNAL (AI$) 	 16'22 
111.1 Gszara*iaa of 3ts3 o trLo s1us1 	16 
111.2 GMzsotarisUo tsat r s of UO vsi. 	20 

IT. ZECOZDIIG SCHRUM AND A0BMAL1TIU  
or ZIG 233 
IV.1 R.00rdi 	T.cbMq rrs 2'3 
11.2 Aora.1AtLss 27 

T•$ET*0D8 Of ANAUMS 34-56  

7.2 hurler AWL 	far Nsthod 37 
Y.3 3 t+o- 	]LMUon. Craerooreelwt 	„ 

Cohsrs*os 7ttcn Aa1y.ts 38 
7.4 Oonvolts4 Sprays 42 
V.5 Z2apietra AraAy.l. 43 
7.6 Portod AnalysIs 44 
7.7 Analysis Resod on fim*ft a , 

PrsrtIa. 
1 

46 

• 



It is rihflj said thst,tM bgthnlal$ of the wisdos 
is the o.111s4 of thinp by their rid t awe". This 
dial Ytation is S. eam1 step in this d ar tion i.e. tT 
to .zplore 0 asthod which describes the s1 ►ra.lii; of min► 

t oentrS of wladoas 

The confounded lsnuse of brain is studied  with► the 
help of bl"l••tyio potential. recorded from the sip. 
This riaerdthg is terWd as the U cot"S"S 	8rsa (UG). 
In this presoar, the first stop should be in the dirsotion 
ofQrpxebsMix3i the pbjsioloLcsl ,root. So, in *11 
fairness, the saitosy and motions of the brain are discussed  
uoclntly, followed by a brief description of $ the undsz 

ly.ix presses in the d, rrat ion of UO was mad Its charaOiaro 
titins; the resordisig tea aigwss; and than seas of the 
s oras: itis of the brain hevthh alniosI aM ps#2olo, t.l 
bickrouM, 

At last, the author has discussed • Sewm*tbods of 
anslysis Of WOOS $insl. An approach is aide towards the 
ter douft awlyal. for .ztrso%in the ila*utsrr fear 
of UI wave. In this approach,, the epochs are decided bj the 
.Nasatati.n procedure for 0 rsndoa .i .l. In this vac, more 
d r raai'kla aM iidcras1ivs p.raMtsrs are obtained, whish 
can 10 sarrrlrled with the +a 	nal end pathological cazaditions 
of the min. 



As sash, the uflsl.js#s Of i1.s o 0►spbs1orsa 
A ►$ lOt .pssity aur, .t l* , tall Sn a1 rthosvoty 
an Ida. of carts Sit ta►hri.*osl ccMitiona Of t being, 
•.1.. ist.r.Used 1n3 r. br.Sn mar, *to. can be WA 

with the help if this .nalp i* & rte. 
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CHAf.ER — I 

14tobssl Crichton in his book and sonsn play, 
'The e Tsrsirsl Man  sp#ns an inter ►ming tale sbo t $ t.s 
Of surgeons sit W*IWOr, who aolleotively 	sot • 
patient's brain to a ooxput.r for 'hr express pr rposs of 
regulating his bees iouZrs The; achiev, the goal in the 
story as narrated by aonttorinj the electrical activity of 
functional groupings  dt neural its with the help of 
isp2on#id electrodes. The ,potter of electrical activity 
i.e piocissed and ssooguised by The sotpitu, which in turn 
stisulates specific locations wig the 'min. t this 
is only the beginning of the C r: ton's story; it gars on 
to describe how things can go awn when a 	,particularly 
an ingenious "a s 1 Itto his aiM to oirazavant sutosated 
asehin. operated control systeas. 

With anizel subjects In piece of huss"s of 
CrIchten• s story, a large aabsr of ezponiaents are undird*7 
In ssous laboratories throughout the world where the 
cos tar Is not only sonitoniag the brain waves,,, Uxt is 
else projneaa.d to auio*stiosUy stimaot. th. brain or 
sensory rads] L ISS in otteapts to educe specific bshsvioursl 
"Oponsss s 

It bas now been just over a century ethos 
Dr. Richard Caton, an Zngliah Ibysio1aA, repented in 1675 



A 

his observations concerning brain waves recorded frog the 

exposed sumacs of the brains' of rabito and aonk.,yo. He 

vasThe first to observe two tors of brain oiaotrfoal 

aotirity, the first As now mown yrs as evoked potential 

and the 	 and is th* spontansou#* on gollig electrical 

•otiurity,  , the sword.thg of whish La now tersed as ZIG. 

At the use of Caton' a discover) It had been 

known for nur] y one hat o.ntarj that nerves conducted  

electrical raises. Another one bolt arms  was i0 pass 
foUowiz3j Caton'. Investigotion. before brain waves were  

to he discovered in hams by the Gn* au payc b tz iat s  
Rna Jere.,, in 1929. ► this t#as the 100MIOgicsl 
advance# f  beyoM the crude , alvan+c ter and optical 
sepiitLcation Asa Orton • o days to is use of *UO"nic 
saplifiers, allowed Bo rger to aoo rr potential fluotuationo 

directly Ace the scalp with two large pad electrodes soaked 

in saline which her placed on the Sorehead at at the book 

of the hood over the occipital region. later, he confiraud 

lair obrerpations at the scalp by assauring directly trona the sex-
toes of tbs brain. He then hoped it amt be possible to 
establish relationship between Moss,  potentials and the psrtor-
sauce of t e brain. 

In clinical a .ioal pact, c.,r  thea" potential 
fluctuations recorded t°roa the *a*Ip nosed by Berger so 

Bieatrsensephaiograa ( G ), has been found useful In two 

un fields. First, the study of * normIlty which has, been 



known fran very ancient tins - epilepsy # and secondly 
in he]pin, the early d1a nosis of at least certain types 
of ' 1 rs. 

flutroancsph.lojrsphy is to this day one of 
the ma or' tiro quos In the study of her *.rvou. 
activity. in view of the penetration of ma#aas#ios into 
all tislda of solonos, the sttoapli by phy*iolooists to 
.nppleaent visual analysis of the •lectroa oa logrss (ESO) 
by satbanallosl arodol is natural. Iran astheasticel analysis 
of .l.o o p .air.ptic 4.t*, Ch thtorastion on the 
fu tom. atsts at the brain can to obtained, so that a 
deeper undarstaM,x of co ax physiological henoa.na 
will undoubtedly result, and th. possibilities for disgoMs  
in cases, it tuaor of th. Viin will to ltd.. 

The otul of the brain potentials and their 
rhythms is on. 0 'the scat oaplioatd tasks that baa ever 
been proposed to rsiolsgl~sta. !rein potentials and their 
rhythms are the net result +t a osn$ $tion of asny betrogsr- 
nous deal conditions, 	►sioa , arganiastions, statisti- 
cal shoots and differential prøperties of the .neuron so is 
api. 	to4 in different ways. 

It Is the ala of this shy to have a pragmrtic 
approach for the analyst. of the clinIcal UG, with the 
tin.] goal of an automatic d# ousts. In this oos # w do 
not a. any neurophpsiologtsol model, either sonros and 
isn.rslsrs of the 	are still not exactly known, so we 
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have to content ourselves with the pheossnologiosi aodsl. 

The evaluation given by the physician consists 
of two parts$ the first am Is a.ly descriptive whereas 
the ascoM ons contains the diagnostic evaluation of the 
record. This sorrsspoMs to the pattern ricognition. It 
should also be noted in this context that only in few oasis 
it is possible to establish a dosis frox the ZIG alone 
(About 1 of the popi4.tion show BIG s'6norsslltiss but 
do not puffer any naurologissi disorder). 

ft. Zo sotivitr is divided into the following 
oatagorisa s *X outaosou s on gob* (non peroxy l) activity, 
spontaneous per ► ► 1 activity, and the sottvity vo 1 
by external sensory stn r*3 ation. The lEG signs]. has a 
raodos torn which can be desoribed An statistical teras. 
there ar. two waveforms of interest. In the first, the 
observed signal has ststistioairty ragular f'sstursa (e.g. 
nova] a and P r tba`3 sad signal can be regarded as 
stat i try se stochastic p roosss. In tld second  type, 
ape, i tLe transients such as Isolated mss or ooaplsx 
bursts are observed (i.e. spikes or waves), 

Z is 'beat oharsstsrissd as continuous wave 
aatUYitt of variable asp3.ttu4s and frequency, within 
constant phase relations quite, siatlar to randos noise in 
overall shuraotsristios. Arising spontansoualj, the ZIG 
is difficult to correlate in si►sistsnt roamer with discrete 

4 



behavioural ewe nts. Superposition ,Md 	tion„ which 
brine about drasatio i*prmem nts An si,01 to noise ratio 
In such tins looked events as evoked potentials, coapletsl3 
fail with regard 1e *G. O.n rsiiy, when several ZEG 
sssarts are sup•riapos d, the algebrio sus taMs to noro 
in keeping with noise licks charsoteratio of this sstivit7. 

Unlike aan ands aechi s ao- 	Sti s*teas  
in which noise is an *A"bersnoe,, t sir brain as use noise  
as a desirable, or perhaps oven essential factor. Pron the 

study of statistical properties of Me certain thThrsnae. 
no be sods about. the basis ascha a►isa of the g.nsr.t ion of 
BIG. Whtla the gr in of the brain wave is still +,caa#ie, 
it is nonetheless strident trace the various stuff that slow 
war* phenosexaa era an inpsrtant indicator of tuMuentsl 
cerebral process. 

Today, the .l.otro.nc.phslogsyhr is not only 
concerned with the volUX"Loe derivation fran the scalp,#  
considered as the remote field of a siz gls, coapaot distant 
generators but he Is also concerned with interaction of 
sally partially correlated raltsgs"t$as changes spstial.1y 
diapered and not only over the convexity of the surface 
but In three dimensional as be Is reaching 4owa with his 
probes into the relons where %bs generators Of these waves 
actually 3i*. la wondsr he cries for help. To when he 
rhos turn T Ther answer is #apled the pare rah is YAm 
from s book "fto Oration of the Cerebral Cortex" by 
'Shell,  D.A.' ,. 



'It is .u4,ss#.4, however, test whsU ar the 
cortex is slidird by motomist, the phsio1cii.t, or the 
psychologist, the iodel . plojsd should be based oxo the 
concept of probsbilit; wad discussed In a stat Lit L ii 
amu.&. . This would Iap3.y that my theozrthat atteaapts 
is account for the properties  of the dasLa spat 
systu that Zsras th* basis of our 'behav iour p sit s  p]oy 
statistical bjpotheaia.' 
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CHAPM a► II 

fluctuating potontisl worded tither 
fros 'fir scalp f cortex or depths of h. brain, rip c it 
a superposition of volua.eoMuotor fields produced by a 
variety of active new Mal current generators. auk. the 

] sti rs1y slapli bios3eotrio sow i.e. the nerve tri 
with its enclosed bundler of circular or ,ia *rice] nerve 
szozis, the sources generating ThS field potsn ale are 
sUY.g.t s of neuronal s3. 	#s (dendrites, cell bodies or 
sa is t sad azons of nezve cells) with as*plez inter -
001=0o#iana. The architecture at the jai brain #issu. 
Is not t mU*m tris on. location to another in the brain. 
So we MO first discuss about gross anatasy and functions 
of the brain, the ultrs-stritoture of the oszsbrsl cortex 
and other **lated thin" before any d*tsilsd study of  
•leatracs pbalogr.phy, 

Assio end ~%J*M orf tis mI , [S t 12, 3.6] 

Th. central  near systes (OKS) consist. at 
the spinal cord lying within the bony .rtabrsl coluan sad 
its oc*tia tiara, lying within the mall. 'h► Won  is 
the greatly modified and anl.rged portion of the cirn, 
surrounded by ' re.  prot►sstive asabranes (arningas; s.1. 
the pia aster, the srscbioid and the dura a ter) and 
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•noJ osod within VO cranial cavity of the sal, The 
spins) ► cord Is likewise surroimdsd by downward continuation 
of ssnU 4es, and is encased within the prot.otivs vertebral 
column. Goth USIA and splay cord are bathed ins special  
tf#rasBdrt., fluid called cerebra) spinal fluid (CS?). 

Within the CM, there are "O"AAsj (err) nerve  
tracts that Baa fros spins) cord to the various areas of the 
brain, cont/.yin in orait ion s gssd#sj *hers in "fir 
ister emironasnt of ths body that axe reported by various 
peripbsssl bdo;iosl transducers. There are a nwibsr of 
sensory transducer. for sensing. , ash, path,, lies 
tout, pressure and various othsr things an the human body 
s=tool,  

Sis1lrr .y, there are descending (motor) serve 
tracts that originate In various us brain structures such as 
the c rabrua and oar '.hoar (pig. 2.9) and tsn'U note ulit—. 
arstoly on motor neurons in the ventral born of the spinal 
*old% Taus there +racists t ou wsy so*aunicstio lis 
between the brain and the spinal cord that allow higher centres 
in the brain to control or sotity fir► bshsvisur of - 
spinal rattan Bra at a given spinal 1.r.l. n this way„ the 
brain is not only intoraed of a psnip sral .vent, it also 
aodiflos yrs rss.poss of the spinal reflex to that invircn 
asntsl reflex. The "iransaIss ion of ; oration to brain 
is by , sins eta frequency aodul.tod trait of nerve apulsss 
which stJ.*iletes the neurons of specific ares of the brain. 
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in ter 00 decision to take a particular actor action 
in ses en" to s stimulus Is sar heated In the activity 
of cortical neurons gnu -o . of the various areas of brain, 
Such cortical activity is mated In ohsnss in the 
voluosethtctor field potentials recorded t tros the brain 
es m. 

The brei► is divided into tare mainpert. -- 

osrebsus, brain sung  and cerebellum (7*1.230.) troa the 
point of looalio~tion and toticn'l study of brain. The 
gene l anstoatc directions ons of orientation in the' CXS 
ere shown In (1i8.2 b), He" 'hip directions zostral  
(towards besdl,esudal (tewerds tail), dorsal (buck), and 
ventral (frost) are associated with the brain eteai 
x ssinthj tszas are associated with the ccerrebxua. The 
texas aediei and lateral Imply nearness and rasoteness 
respectively, to central aidlin. axis of brain. 

The cerebrum (? ig.2 Ott is a paired st=et , 
with rL ht and left cerebral hasispheres, each relating to the  
opposite aide of the body. The surloc* layer of the bwl— 
$;her"e is called tort z# which receives dory intorastion 
f` ris skin, eyes, ears and other receptors located exzsrall 
on the opposite side of the bo4q  whish As soaps red with the 
previous oxporienc and produces ao►eaents in response to 
these rtirshLL. 
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lateral imply urntress aut1 zt•runtr►trw, rt pe(Uvrly. to (rutin WsGlirr( alis 
of krait►. 



tech h.aisphere consists of aav+~rel layers. 
The Outer layer Is a dowse collection of nerve cella that 
appear pay in color. so it it called as grey rester. 
This outer lsjar, roughly 1 oar. thick Is called cerebral 
cortex. It has s highly convoluted surface consistiani of 
art (ridges) .z4 solei (valleys), the d epsr sulci bow. 
'dried fists. no despSr layers of 	ba 	rs 
(i.a. beneath the cortex) consists of axons (or white 
setter) and collection of cell bodies, tamed nuclei. 

The as jor 4iv141og landmark of the cerebral 
oortz is the lateral fissure (Fig. 2•ti ), which runs on the 
lateral (aid.) surface of the bran fros %be open and In 
froM, posteriorly and dorsally (backward and upward). The 
lateral fissure defines a aide lobe of cortex baiow it, 
called the Una o►rsi lobs. the upper part of this lobe 
contains the prisary auditory +r rtax, which to the part of 
the cortex that receives suditory uaputsas vis neural 
pathwss leading trop the auditory receptors In the inner 
ear. Per sort individuals, the left teaporml lobe Burrow* 
ing the tsauswrss temporal gyms is involved in sure complex 
interpretation of auditory signals. U cells in this area 
era dsasged and die, the subject is not able to interpret 
sound as words. This g na 1 oort#aal area surrounding the 
prism auditory reception area (primary auditory cortex) acts 
as an area of auditory interpretation. 
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The visual .3ra 	is another example of the 
projection of the sauces onto the cerebral, cortex. The 
occipital lobe at the 'book of the head is the primary 
visual coax; on which depute the ability of the visual 
systss to detect spatial, organisation of the v at scene. 
Specific points on the retina are connected with specific 
points of the visual cortex, 

Another dividing line„ th central aul.cua runs 
fros the asdial surface over the convexity of the hesisphers 
to the Lateral fissures. 	► central sulcus also represents 
the posterior border of the frontal lobe. The gyrus Il, 
just anterior (forward) to the oantaal sulcus is the 
preoral gyrus,, which functions as the px w►ry motor 
cortex. Pro* this , yeas, nerve signals run down through  
the brain stsa to the spinal card for contr61 of skeletal 
suedes via neural control of sotoaaurons in the ventral 
horn of the spinal cord. Lesions of th. part of this 
prec.ntsal gyms cause dial paralysis on the opposite 
aide at the body. 

la► the area called prasotor cortex, more 
complex sovessnte such as speech are organised. The anterior 
and inferior portion of the frontal lobs are involved in 
the control of emotional behaviour. natal; behind the 
central sulcus lies the p r et ►l lob*. Its anterior border 
is the central sulcus; its ventral boundss7 is the lateral 
tissue, and Its posterior boundary is rather ill defined 
an the lateral surface (?#g. 2 L1 ). 	dlately posterior to 
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sulculi. 



the central aulaua is the primary aoaato..nsory cortex, the 
postca ntral ,gyrus. Each little area slon this g xus Is 
related to a particular part of body and receives iapa .aea 
Prod all ansral .rair receptor* of the aka« fihaa rdar 
sensory disorIMIU *tion is or *meed solely in the prr$ata3. 
lobs. The ,periatal lob* is also responsible  fora person 
awareness of Us ensra1 position of the body and its Iiabs 
in space 

The brain a**a is 40*pow of tour regions each 
haves its distinct Lunotlonas the adu is +Floatat  the 
pa s, the d brain, and the dIW" Ion (Yi&.2 5 '). Zarb 
contains group ins of cal] ► bodies (nuclei) and des of 
nerve axons (traota) that are intsrsingl sd. At the upper 
border of the **lolls is a distinctive b 34.. the pen.. 
the aadulla contains fiber tracts#  as well as motor at dt 
sensory nuclei for r*C*lV1 sensory iziforastion fro* and 
aontralliaj nawlea in the south, neck, and throat. It also 
hosts for the reflex control of the respirator, and t sad o -
vascular a;etas # 

The nerves that pct direotly to the brain are 
called pial nerves. 	re are twelve pairs cranial nerves, 
eleven of which enter 'fir brain *ten and 'fire,  olfactory nerve 
iron the memo enters the oer.bruz. 

The pons contains cranial nerve nuclei associated 

12 

With sensory input and motor output to the face. The ai4braln 



1.3 

contains the ma or nuclei aontroll g 	gyres cta. It 
also contains large tracts carrying a ►l* down fro* the 
cerebral )a►slapherss, as wall as torr tracts arts iz 
fros ,srieus sources (the spinal cord,, s d.$tor sfstas etc.) 
and oontirruxiaj throush the sid brain t0 her MM*"s. 

r diano. alon is the most superior portion 
of the WaLu atesl its chief cost and largest **►ter 
is the Thaisais. The thsla s war es as a major relay 
station and int. etion center for On gawral and apaaia1 

sO 7 alt 55 sandifl$ intora.tton to their respective 
cortical reception areas. It sarwss as a rtevs; to the 
cersbrus (i6). 

The 'brass contains a 53stss of a0vaSlrs, known 
as ventricles, where the cerebrospinal. fluid is 4 rated. 
The fluid p aasa throiagji a hole is brain ages and surrounds 

both brain and spinal cord. These, thus float in the fluid 
which boll* to "out the stresses du. to accoleratl os. 

The c0 ' ll (1* • 2.1) receives 	omotLon 
fzoa the spins] *Ord regarding the Position of tri MA 
labs in space. It yeast #s ftforsittan that has ort ivatid 
in the sortez. Piber► deaond frcs tb. cortex to nuclei In 

the tea, szaspses occur, and posts pts fibers ten► 
iz*S ratio to the cagabo],1us. The spinal cord sands the 
oarebollvs feed back 14fosastlon about the Usba in space. 



Ths cortex sends the cerebellums ooxaand about where it 
Should ba. The aaroballus ooaports inforr►tiosi and send. 
eo ms s to spinal actor neurons. 	ra'beliva raosi *s 
s std input troy the ,asti ra ar ryitaa and is M.vily 
Involved In continuous ad ju.tom t of s iaolsa to asintain 
the body' * posture under is variety of opsZsttv4 conditions. 

The .. t culrr Pozut ion 

throughout the extant of th. broth stix, ea r 
it a dittus collection of neuron. and nuclei coll.otivily 
keoia as the relklm lar ox tiara [ 1 . )4sy special small 
nuclei, motor and sensory its emotion„ are interspersed I& 
the ret i laar forastion. Sass actor nuclei ope at. in 
conjunction with the diffuse zstiovlar ar um to activate 
the subconscious actor activities of the bey. Most of the 
rotioaitr torastion is excitatory in function. Diffuse atia -
lotion in this area increases the sola toga. A aasU 
area An Ua lower art of riculer forest has Inhibitor, 
function. 

When the taazlitory portio (excitatory) is 
uninhibited by ainsIa eros other sources, It trszziaitr-
repetitive iapzlses to skeletal suedes throughout the body. 
this Saeilit r ares also provides the input to the rstir r' 
sotivitIz& syataa (RAS ). This stisulus to this very Inpoxtont 
cysts* causes a clapping malmol to awaken instantaneously. 
Anesthesia aid coaatose states itauae Lapsiraant of its 
function.. In sleep„ RA$ is In doraxnt state, not rte' typ 
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of sensory input sijnsl *suss euUin activation of RAS, 
protucss& arousal. Be thrx's is an .000aPaZz3iZad change in 
typical U rawrdinja, frsa sl*spthg to a vskinn pattern 
of activity. 

ZtAS is s co*piss polyayxzaptio pathway. Collateral 
nsrv. ' rashes furan l into it not only Iron the loam sscezzj  
sensory serve tracts Title Iron the spinal cord to the 
ihlasas and corttxo  but also Iron sensory nears input from 
the fees as well as the auditory, visual, and olfactory 
sfstsas„ The syatsa Is nonspecific as east rrotio4az moons 
are activated with equal facility by different t sensory 
■tiaalii. In the specific syatoa of arming sensory neural 
pathways to the thalsaue and cortex, the co*pon rx nom► 
fibres are activated by off ► particular  type of sensory 
•ti*i1stun. Activity in RiB, thou& the thilsave or  
bypassing ,U, projects in a diffuse esrrezr to th. cerebral 

Bone of the quantitative data about a hunan brain are 
given as follows. the pr.dosinsnt part of the brain mass is 
seen to Iii in the cerebral heaJephores. This may be the  
apparent "soon for uniqus IZSLaLenOJ with which sen can  

ink abstractly azd sjabolioally 112) . 

Brain weight, sole 2400 go Cerebral benispheres 	as 
Bruin weight, lassie 13W ,p. Curs bullus 	 10 
Brain volume 	1200 *1 ]Brain stun 	 2 
Spinal cord weight 	27-36 as 
Spinal cord limit 42 on 



CHAPTER -- III 

III-61 t 	 t i 	t 5,3.2]  

3Laslsotrio pstsntisls are ,prods ass result 
of elastrooh AUa1 setLwity of 0.110 known as • Ltsbl• Calls#  
that are coapon.nts of nervous, sus+u'Isr or raMu1sr tisswr. 
the Autcttonal unit of the nervous s rsts* Is the yrs osU 
or the neuron. to nerve calls ax's bu$ldUW blocks of 
si, rllinj syatua of the brain. They are to It as the logic 
ciroal ts# wires and slesents of th. *s stia *ors store ass 
to a digits] woaputsr. 

Zaci nervi o li body has several short proosises, 
or dendrites and a long nerve fiber, an axons  which can have 
asny branches.  While the sLas of the central bo&y of the 
nerve sell is that of is other cells of the ba4 (lO 'l ps) p 
the oz san be a aster in length (7i 31o). 

the neurons, like other s011s or the body, art 
•lsotriss11 pole sad at rest. The interior of the neuron 
is at a psts$tiol of about -'p av relative to the exterior,. 
leading to a very high tis]* strength of about 105  voltsjc s 
across the vary thin surface mu 1' , e (?ig.3-2. ml. 
potential is sslzxly dui to the sot L . transport of the £ ian 
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to the A terior of xiauron. At Ihe atoadj .#.t. of remind 
J4t1mt"It  the ull Mrabrsz. .1s "Id to be polarissd. A 
3assnlzg of the ardnitud4 of this polarization in *sued 
depolarization aM an baso In 	 itide is referred to 
an i' perpoloriaotion. When a nrrrvo oell is exposed to a 
stiialur above a t eahol4 -- stb r eleotric , + aios., 
asohuitcal, or thrraol — s servo moo & which soon pro a 
oho In ,to"*bian* potantio],, is gated arid shod In 
the cell. This is due to a sudden Increase In * Ion 
psrmsb .i*r of the asabrant9  which results in the dopola - 
z!Lut Jon of the a,.sbrazze followed by p a►larisstion. 

Intorastioxi Is *ramM% *bxouh an .ate b 
news of short iopolaos of osustant eapUiuøo, In sceordanee 
with the smostallo £l1,llop. When the stiaszistion thrro-
ho1d Is exceeded, a nary. Iagul" to denzerated on& coMuotel 
along the axon of a odd dopoudlug on its diaoater. Pox 
axons of 20 and 0.3 j*a„ the Jnr%ooit is about ZOO end 0.5 W... 
!he duxstu of the lavaa. is about 1a ago eM the luforastion  
is coded through the rat. of conducted d la asa [161 . 

In the naryots systoa,, there are a largo azaber 
of a napaes (i.e. the oozrmoti.cn between two excitable osils 
In the fora of a contiot surfsee between a neuron arid another 
neuron, susole 00110, ori sensory conn etc.) between each 
neuron and sell bodies of the dandritoa of other neurons, and 
brenehed and fibers of axons (714*3.1 b ). In the synapse a 
nrrwo Impulse can be transmitted,  blocked, or changed from 
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sLaplS to repetitive p1ss or integrated with is►p sass Sava 
other se is .aIg toe oo*pi.z p ttern, depsMisg on the 
P otton of sjnspse • Two types at chanted substances 
acetflchollas snd sossp sph rifls, sr. ditAased across tha 
gap (= 200 *0) In the sjnsp.ss resulting In two type of 
nsrvs kaown ss otwi argic and sdrenergio respectively. 

In the body of nouron, the two different petsntisIs 
nass]f ersitstos7 post synaptic potential. £P8, aM Inhibitory  
post synaptic potential X P are generated via synspees. The 

►bwane ,potential is not srssau rsbls at the swap Pae to the 
thickness of intervenIng tissues • So, activity of largo 
n'nbor of neurons list be .ynchroniasd to have a assurable 
potential at #hs scalp. Such synchronisation is controlled 
by subcoxttcal centres prob.bly tit the s brain atm. 3 at 
the exact seohanisa is still wknown, I... why 220 curves 
are olinlcslly Interpreted largely on a pirel.y enpirissl 
basis. 

The peek to peak asplitud. of the waves that 
os to picked up fro* the scalp Lr norasU3T 100 	or less, 
vh s that on the exposed brain Is 10-20 tis greater - 1 tcv. 
The frogwsnof content ranges fran 1 is 50 Ba. 

Somas quantitative dots about nerve cells in 
various part of the buean brain: ors as follows [12] 

U) Cerebral s* , zrrst The nusbsr of cells in the cerebral 
cortex (both sides) has been thought t© be stout 3 z 109  • 



(ii) Cerebellum s IMInkov i4 G1sar (1968) go" this 
titer as about 1010  mourms. 

(lis) spinal Cards 1.3 x 10 neurons (BUnkov end 41e rr,19 ). 

(iv) Corpus Callosuat (Pij.2•1 ) sits consists the ssiorlty 
orf the tibrss which connect two sidea of cerebral cortex, 
psulrij through a mesas of spproxiists bilateral *jmwU 
of heat and brain. It contains about 1.4 x lop  Oxon*. 

tv) ?stsl inpnt to brain sod spinal cords yrs are 
1.37x106  sires into the spinsi card sz4, apart fros  
optic tract, 2.9 a 105  into the brain (Bruuob and 
Anys  1942). 

(vi) Yelias of sell Wiest i sa (1960) finds the tollovizij  
vola es in the rabbit (i ► ', tib tissues, except 
spinal neuron) s cerebral sortex, 5 a 102  to 2 x 
spinel neurons, 2.5 x 104  to .5 a 105# jrauuls sons of 
serebs .ua, 60040o1 bipolar cels of retina, 3+D —SxlO'. 

(vii) Piaber of d+rndxi*ic brsnAssi flholl (19 6) tiM. 20OO  
in set cerebral cortex. 

( wiU) Trtsl amber of s pass in him cerebral cartons This 
is net known b t *cos in to Crs 's and Pskluobsrg's 
work cons out to be soasthin& bstwssu 1.6z101' to 

(ix) Neat t rzts rats per owls It is ,asssursd in the rap 
at 1 — 10 fi rinje/'''aso as an overall inters in oat 
visual carts. (*.rts st.sl, 1969). 

1.9 



(ic) The tuMsssntal p.zeneter the threshold 'm absr of 
i*p~1ee. needed to ti o sell, is not known for 
brain cello. 

1I1«3  W$VS 5, 16] 

Zisotriosi r ordiagr from the ezpoud surface 
of the brain or scalp shoo ecntinzsua&y oscillating 
electrical activity within the brain which varies both in 
frsqueno; and sapUtude. Under certain ctrcunst .s o.g. 
in certain norast 	ta..otates and pathological conditions, 
as r loP*7*4*f ►its psttszis are seen in EZO signals 
("ig.3.2b), Udrr norsel conditions, an inverse relati+G ►ip 

exists between amplitude azd frequency. It to because #n 
increased  r br l activity leads to a oo" dssynobroniasd 
s't 3.vitiy of nerve calls. 

The the cities of the bxoln waves on the cortex 
may be large as lOav, who"" those recorded froa the scalp 
have 0 Helfer saplituds of 100/al « spprox. 'e fxsawnoiss 
Af 'E a. bra 491 srwrs,t Awa* 	r A _ 6 — Sh U. ., iA •1* 4 • I WINO rarM 40 	ma.wr+ar W w. 	—lW srfs www Imeow~qw 

+a ra .trr is highly dependent on the activity of cerebral 
cortex. So*s of these are characteristics of specific 
atssraslittes of tins such as opil.prr and others occur 
In norasi pry. 'or bra, u waves are classified into 
four mess stoups as of 	(o) * bets (a) • the (0), and 
delta (4) (Psi. 3.3 ) 
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Aiph. wove* have frequencies between O'4'5 no* 
Their voltage is sppza:i stely 2# t0,1W with sppros. +~*+ 

an of So?v. , They appear over the ocoipital lobes in 
the fir*, "Melly relaxed stent with the etas olosod. 
When the eyes are openedp the alpha activity disappears 
and raves of • higher 	 U*33O7 e1 lower siplituds 
app..'., (ti$.3.3 ). If to patient  9sils asleep, the 
alpha activity disappears entirely. it depends sin the 
i ividusl also In sit 10% of all noz * b3.ots no 
types alpha activity can be record.d, C16] 

3sts waves norsally occur in the frequency razge 
of l O Es end sosetiass — during intense a t.3 sotini r 
as hih as 50 Be. They appear over the psriatsl and 
frontal "Sims of scalp. Thu wave is divided into two 
sajor tis -- 01 and Pt„ Me 01 wave* hay, a frequent 
about twice that of alpha waves, and soar the sass behaviour 
towards ental activity as alpha waves. the 02 wsyss appear 
during intense activation of Cis or during tension. 

The tr quanoy range of QW theta waves is 4"4 Es. 
User occur 5.1141 in the psrletsl sod teatoral regions in 

children bet they also occur during sac tional stress in 
adults, during periods of dissppointai.nt arid ,nation. 
They also appear in light slop of adults. 

Dslts waves Include all the ZIG activity below  

4 Es. They occur in dsep Asap, in UtWWt„ sod in serious 
ox;snt Drain disorders. Delta waves ass occas solely 
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Waveform 
	 Designation Frequency, Ni 

Beta waves (5) 13-30 

Alpha waves() 8-13 

Theta waves() 	4-8 

Delta waves(() 0.5-4 

L`  100 P V 

Eyes open 	 Eyes closed 

... 	 _AAnn 

FIG•3.3 _ DIFFERENT TYPES OF NORMAL 
EEG WAVES 



within the cortex, IMepomdeat of sottvitier is lover 
njions of the brim. 

Boictiass, tr.naiazts of wit ► 80-200 a so* 
.2.#o app o" as ip i .it waves •^— a ,pa of o ,toil waystor* 
is *hoi Lu $`1;.3.2 b * The MU waves say bó altered by 
pathological pzocesus I. tho Doted cortex or brain 
otsa. 



; t 	 ci' : 	.. 	't' t 

The srstes most often used to pisos eliotzodss 
for aanttorin the clinical Z&G is the I tsrna iiousl 
str 	1"o slack .y. # [1J so sssasd because the 
posits of the .3.otrodes ass based on intervals of 1.0 

ss 20 poroent of the disks betwan tbs specific Sslnts 
on the scalp. Reference points are US root of noise  
yrs 	and the assiticst$on sentar (b utp) on the occipital 
bone( ion). 

The sntsrioz as#.rior ssreasnts sr► based 
upon the ttatsnoe between the z3ssion and the Anion  over 
the vertex in the aidilnr. Its pants desiipisted as frontal 
pole (1w), frontal (Y), central (C), Parietal (P). sM 
Oscipitsl (0) ax. sarked in the 714.4.1 • Lateral swsss 

►%s are based upon the central coronal plane. The distance 
As censured free left to right preauricular points. 

The electrod, locations in different portions 
of the srslp are dasInst.d by even xwab.rs as subscripts 
for ri ht headsp gree  and odd n i,bsrs for left heaisp asxr. 

rotrodts at lb. id4- Un in the Prontal, Central MA 
le ristsl "Sims are dssissste4 by r s̀e  05  and ?s  respect' 
iv.l (fld.4-z. ). 
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Three ' ypss of electrode con&sotions are useds 
(1) 8stwsen each of psi? (bipolar), (ii) betwsan one apolar is 
aM 0 *$ats*ss refu s s3,ectrod* (uausUy ear, can be chin, 
or bask at the risk), sail (fit) between ons onopolsr load 
aM the sysrajs of sift [,l6) . In average reference aode, 
the sjste reference is forest by connecting all scalp 
resos4#s location through equal high resistance to 0 coacu 
point. 1► bipolar cysts*, the 43 's tis3 asa scents are 
advantageous bsssus. for field activity comm to both 
electrode is cancelled. " sse potential uM*4.tions are 
asp] if by high gem tiffereMial sapUsfssra sed.. displayed 
by ink writing of strip chart recorders. Th. scalp is 
prepared spsoisily, dsgrs*ss4 by clawing it with oohal, 
•pp y a; conducting psats aM then non polarisable Ag'4g01 
sloshes are glued to the scalp with collation, or held 
thea In pias with rubbsr straps. The contact isp.dsc. is 
.sea than 10 Li. øoastiMs brain potentials are lInqu noy 

astulatad and recorded one aegnetlo taps, which can be 
stored and Byrd beak of lour Una.. the speed of the 
paper in *trip chart =resordss is set at 3 saso., kmapdsg 
inview thi saspUng hsorss for the analrsia of err svtora 
oontaininj ooapsMnts of )0 a /s and gives distributions of 
interval, .t 16.7 a see. or0*5 — apart. Any ter 
closes spss3sg is not warrants* as insacvmolos are ushered; 
like ON distortions of pens, p"'aotLsal Malts to pin 
r.gtstratisn,, and this as of ink "Cord. 
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Zlsstrodas, Two types of electrodes are used in rssordin 
the scalp potential ss of needle and disc type. Jr ,s 
.l ratrodm err generally used in open bran surgery. leedls 
electrodes show ooh loraor shnges of Lsp.dsno. With 
frequensy In the ranges of ZG ws~ ss, then do surface Mato 
electrodes. $o needle electrodes or. used with squLjnts 
having an innt resietanas anon'* than I 1W, 

potential pig up an t ►. scalp franc 
certain cortical center of activity decreases roughly with 
the square of distance o Go the electrode activity pfd up 
by each electrode in a unipolar systsa,and by each pair of 
electrode In a bipolar systen largely ripresents the cortical 
activity below or between the electrodes. Us electrode, 
spacing is kept as sash as possible. 

Astetsslst 83 r every ]ii organ generates electric 
malts during rraarding0  there az irq sourasa of •laetrLo 
abargs in the head besides the brain [251. 

(1) ►a1.logical Sausass s 
(a) Skin - ft. generation of slowly chafing s.*.ts and 

the changs in resistance during esotionl stress eta i of 
in are certain factors responsible for pqahogslvantp 

*flex. ftc effect to associated with activity of sy*p.thsti f► 
Asrvous sy'steas 

(b) Wool* *- The =s"Is of scalp, Saws, and noon ore in 
constant tonic activity and are therefore continuously hers*-
Sad, a large mbar of short electrical. discharges. Although 



d1 ratien of these p*1..s is aboutt 10 a Soo, they of%= 
rsrgi this a reu3sr st rte„ which can easily ► be atetakan 
as brain rh7 .. Clanchinj of Iowa aA stift nizi& of nook 
ireetly zib.nsr this sotivit7. In order to Slialval► Urso 
s .faa#s, 'he 1b3 t is asked to "lay to lbs maw, 
pr.tarsb1r in a SUOM position. 

Co} Bps - no a~ bell sontaina two .epara s ,odisi the 
soq*aro and vitreous )►yrs aid stho. ionic ocno.ntrstians 
of the.. as. different, the .y. bath, forni a concentration do 
aril, howlaj s potential di`faren" of s'bout O.IV between 
oo ►a (•vs) and orbit. bthon the eja ball is .tarry, 
stood? - potential diZfexss ever the surtao of head Is 
procto d ► AM with ' sett s t„UnUall 
4ifforeziao oh.zea and quite cbsraoter tia sristaot is 
produ a• 

(4) Meart - The volts +amass due to the r tha io 
ol.otriss2 aotivttj at the heart axe detectable over lb. 
wools bodj. When the ZIG is being X*W%*M with a harsd or 
fret of patient swnestd to earth, the int of aaplUi r 
reseiras the 110 as an thphaso ai tl. larrowar the R ware 
of ZIG, 13* less pro*lnv4 the arttfeot is. Apart tea ZIG„ 

r pass in arteries of heed samotlass produces on artstaot. 
Nbrr transverse us eb otric.l axis of heart, the tares i 
potential in the tranemors ZIG run. With ventricular-
ftbz1llat Lou* r ooxds produes spikes +rte sharp waves which 
oasnot be rso. ts*4 is bsvi* a cardiac origin without ZIG 
monster. 

26 
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(ii) ZZt* 	$ouroa.$ 

There say be lot asny factors which can 
effect th► a alp seoozd 	# **So power fisquenoy pOiioZliDj 
of X*G siliasi, coantostions l i e near r, faulty electrodes 
ate* $ue► the aoaprtont .l•otreeno.phalogrsiar smart start 
with the ability to distth8uiah the activity in tzao 
which In of aerobral oridth Sre* that which Si duo to any 
of a xmsbMr of other factors p na easut of tha bead or eta, 
a r t of oxirsaitii s , facial zroio contractions, 

perspiration, faulty electrodes, defeat* within the 
apparatus, snd broadcast sot i ity troa electrical ig i nta 
in tha visothity. ma.. a d lore] of eossoiov ouo oat 
also be taken into account. 

IV *2 A ;.1itt*. 
Weiner (1961) stated that, ' The artheaatioiau 

need net beta the akiU to cost a physiological •zprnM, 
but he mat vers the skill to underrtaM one, to oniticiss  
one, #ad. IuUsst one. The physiologist mrd not be able to 
pzavo a certain t xsth tio+o . theozas, but he 	t be abl* 
to grasp its pzysio1ogics1 ei U icauco and to tell as 
Curtis, 	for what be should look ` . 

Iia 

 

all the •anl lar chapters, we have diaomrs" 
ter 	s$o]agicai basis of ter brain waves, types of  lbs 
nave eta, which is 	semy for a aetheastician to underataat. 
to have a pnagastic approach towards 1001 ► yaws analysis, 



28 

a N.t ►MtioLs* should also have, an ides of what thforast ion 

he will e.mh for in pstholoiiOal ZIG In the mss of 
qu tity;s the siijnal. 	n this section, the author describes 
sols of the ibeorsa1 Patton* of no [90 34) . the abnomut r 
of there pstt~euis is validated after s uar Al stat isttcal  

studies rf the mbar of patients. 

When the brain disorder to suspected, the 1KG 

soaetlaa $,t s* positive "moo of the preseves of +cranio 
brain d.i ardor. Pi rrtly, sleep pat'us era considered l Of 
0 norasi am. In is drowsy stat., alpha activity $4 

recorded with d.or ssizij aspUtuds and r raittent coca Iaj, 
and also thet. wave* are recorded in as sleep advances. In 
deep sleep, it covs4s of irregular theta and delta waver 
over th. scalp. l*zrlzsg sleeps not only is conioiausnrse 
lost, #epi► bodily changes also Oct. The ulse rater, 
blood pressure, and the respiratory "err tall; the eyes 
usually deviate upwards, the pis arc contracted,  but 
usually roast t0 light slowly. This 1.w.l of *loop is 
fairly regularly interrupted by periods of BEM (rapid *We 
ao w nt) sleep lasting gran 5 to )O ainw#4e*. 

Izosrsive .tart setivUy Ia a slid irrLtstiv. 
reaction to soas type of Injury. Diffuse sow gyres In 

waking 	 suggMsts is diffuse depressive $**stun to Ines 
A loo.liMd $*Me of Slow wares .u&.ste a local isad depressive 
xsaotisii to injury such as Willy occurs around fir„ -
infarct ar aboora. Eztvom slowing,, whether diffuse or Zoesl,, 
is eon r associated with clinical evidence Of brain deasge. 



Th. nature of the #Ajuri gxeduoin the eleotro' 
encsphalaraphio sk&orssUty is alsost never indicated by 
the 	 . 'Ths LEG docs not spaaity stielod,y (9) • #'M~a~ i ► 
tier are mush the case whither duce by tranas, vascular 
disease. infection or ncoplaatto disease, Slowly progres.iaa  

atrophy with thflssticn, and drathtsl 4sèl that th pro.essl 
4.d. multiple sshrrasis are often associated With little or 
no sleet 	.phlojraphic sraoxa.Uty. 

Serial sleet waves 2sl rxcsa t aide e at "an$ or 
aonthly intervals are sotises at great veins,, bs+ su► 
00 nature of the unisrlytpatholoiioal prices. can to 
same extant be surmised fri. the rate at which tb. sbioraslity 
is ohslaj. As a rule,, sin a LEG has little wales in 
d tsrainth atLolo, ', but ***asienally certain spec ai 
psttexns augjest a Vascular l+eabnhspstio t auffieieaoyS or 
subseuts encephalitis. J*01iti s. 

When focal or slaw activity Is found in a motor 
or rinser ares„ it is clinically cvidmnt weakness or a 
sensory detect. A large pert of the brain is sUaztt, 
hswevar, 1* produces no clinical signs or syaptows , U its 
Mien is teprssssd. 	r of the eh.ia ' advantages of the 

4 is that It shows disorder in these silent t areas E 9]. 

A doges of ssjeestry between the left szd right hat 
of the brain, eveu' houJ► "Mutt show sow pattern., is fairly 
reliable sieetrosnoaphalographio sign of lateral id Injury. 
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U * stxu *Urs 1 lesion is prrr t,, it is ususlij on the 
*Ids of the ssduasd vol" 

the ZIG say be norm, even thoujh the brain is  
scrim in4rs4. it reveals almovder activity ►sal 
Aaotianiaij zsurons vote, though thured, era still alive. 

tours or deal naurona are not easy to idsnti4 In ZIG. 
1 rsly d•stru.ottvs injuries to the brain often prod  
iris**idle little QUOUorz a +ri r r io .bI&o2551Lty, 

tzsar disorders of saran.]. Sunot Ion r ceour  
In fiber dew of brain +Old. in cssebrllu* or hind brain, the 
report will be sorasl.: G. 	thssi cases vat Sao is 
ordinarily nonial, but certain sleep tts w, psrticu3srly 
14 per second spies are uausUy reduced on the Injured ured 
.14. pze*zssb1.y because they erigin * In ala a and Orr 
poorly oe 4uot t to the cart+rz through 11* Injured Internal 
cspnlss. 

Zpilep.y : Pros an elsotr e osjhalogzsphic pout of piew, 
the spilepsy 1s en irritative react to injury or to. 

r pe.nta1 detect. The clinical OTSA U% Am" is the  
ext~srusl Mea ion of an ezessie or d*91abnt release 
of nervous energy within the brain. U recordings are 
made on epileptics in the waking state only, not asre then  
35$ ahoy MIAM" discharges C91 . U past* of •p *ptic 
a.Lauxa are slotroenoehalogrsthLo+u . ► observed while hep, 
eo % have asisurs discharges. *rs ex's two basic types of 
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spil.psy irend eel and potitas (u s.3.2)'). In r.M not 
epilepsy• there are large ergs isstIv trees for 
seco da to several aiaitss and usually spreMing the whole 
CIS, including the, spinal +soar+ . In pstitas . opuepsy , the 
seisurs su.l1y lasts for l2O sac. A typical spas and 
doss psttsm *ecerdM during sbaense type pet Itsel epilepsy 
is show to (Pig.3.2h). Psychosoter epilepsy Is chMzst UTO" 
•lactrosziaebslogrspMcally by fecal spike dtso srgs9 An the 
anterior tea I ares. 	►voIlmed tontto-clonic oamm4ol z*s,, i 
Grandmal assures occur in soma cases t 51. 

Patients i 4th following sjaptoass attacks of 
dissinssn, pain, easUanal stability, and vegetative distu, - 
basses sUy have 14 or 6 per second positive spikes during 
int .leap. 

)za,n injury a Supprsssiso of the noma Waloa, wide 
spread s' ► lly slow wsves,sn a utlszrst of high voltage 
2 to 3 per second waves sur ► seen In the souts stage • In 
chronic ptst-4rruaetio stats gaszalLsnd low voltage 2-'? per 
second vaves,acastiaa. sun In one e or both tasporal regions, 
are the =Is and disturbance is on the whole ;proporttonal to 
the severity of the in 	and persistence of s aptoas (9,143. 

B.pstio tsilvr.* In severe oases dolts naves which say is 
triphasic will be present in G. In aiildsr case„ there is 
a slowing of the dosiasnt trsquenoy. The 1Q can be used 
as a sensitive Indicator of the response to tsestaent and 
diagnosis. 



Lipidosis S It is the oollsci M of We i ► tissues. 
Irrsj lsr* 	rrslisod spike sad wave 4ischsros ore the 
ol.rsoloxistics of this disease C 341. 

Subsort. inclusion 'bo + 6*8114is I It Is reduction in 
ints31.lemas level. The characteristic XEG oh ss have 
been described taking the So= of co*pl`z g.ncreliasd *los -
wavn ao*plauos recurring aspsU11"lj sA often in *i~w 
with *7003oaLto ers aM seperateit. by A ►reals of olootrioal 
silence In the record. 

Syncop.s A brief aM transitory lues of consoiouaness due 
to isysirasnt of the cerebral circulation because of which 
slow waves of high voltage develop In LEG. Concurrently 
with the loss of oonso$ouensss, ofd this is followed by 
cospl.t. flattening of LEG reord o vh3le clonic or tonic 
convulsions osour. 

Brain Tuasrss At lost* the a►*% ,Saportsul ares of LEG is 
the loosliastion of tars in brain. Brain tears can 

attest the no in two ways. It the ineor displaces the 
cortex sM if it is large encugh, the electrical activity 
vill is absent in that pert of the h*siwrphsrs • An 
•sting*isbod or *aped LEG, ora focus of l.rg. delta waves 
over 'r a . M!#si '1 part of the oortsz can time be • sign of 
a tusor. It can also prsr oks an epileptic attack. A tuaor 
Involving ibe bass]. gsnglis soy 3iold 6 percent theta 
rk&ytha [99 16). 
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Ern a asaroscopic Boole s, sftar.  0 carsAil amiss 
of 'mssflO psttsuu M! dyafuxictJon of ' rsh oh.aLstry as 
voll, t3a. tsotara such souht otter b a asthastioim to 
help the ;4stolo85st IA the ansiysls of Imals.•s cod d 
Io xs s are as 1`ol twsi ' 	s*plltwo of 'fie ai 	s 
SX. 	CJ,, z ►thaLcit7f ,.aM sp.titivo o as of earl. in 
sbarsotaristto pattern, transient moti iter as $past 
sa,~►aatz y in two hssis rsc. etc. 



The s1..o*ro*tCspbAlo8X'sa Was oos sidared as the 

'wIMoY to the brs3 ' bit IA XsslitY t is " sx$1o0U$ 

to fleet £n$  shadow$ cost U $ translucent rlucent sore+ where 

the speed aM else of the shadow aid' not be 4s— 	to 

with the actual notion s A di, *3 of lb. ob3sot. When 
we speak of .n*ly+*is of ERG. We do not sun analysis IA 

the esno sense as a ChOs .as1. sMaYDis wbOrO the poseibis 

oozponMU are known; we 4)1r* s Qualitsti r or q ti- 
t.t Lye seas assent of Vis; bit we $011) scnethlx& which Is 

ps pe ''better thouiht of as el*Dly a 	.titstii►e 

diasript on. 
'pose of 'his sectIon Is to do sor l t 

astam ucll basis of sevol* !i! 
robs ' .o for use the Meso derived Sros these 
aethods Of psis s! s baits for sops?Si th it WWWOO$+" ' 

& o=$* in e NU • obsZmC In the state too" on the 

mooseo 's nom Tb. ovit3esl s s 	icfl in the aethods of 

analysis is that InstafltOus talus of •zsci to= of ERG 

s,4  =&,. is not of dl"o% Interest 'bit rather that lnforastiOX& 

*'bout th ► process 110s is certain svorsds proper W* of 

the sLiss3. 



The pioLeer .leot,osnc.phalo8reph.re, In 
sttaaptlzil to quantify the B, efl,roeehed it first as a 
$i ,e volts 	!`ar cure. - the most etrik* feature br 
its a sequenoa. Paul floater et. at (1949) su&ssted a .mew 
for automatic analysis of BEG treating the signal. tbx 
$ battery of tuned filters. Go e torr of audio 
frequency *zielyuv os m into being. Rem„ J.Z.. (1963) 
£9e we wthod, ocnsidsring the unit aotI L1ty as the 
Averse relationship of frequency  end volts t of MO [20]. 

is 1951, Erebsu, C.E.T. bested a very 
fascinating esthod of analysing the BEG signal usinej the 
prinOLpiee of optics [171. Be recorded the date one 
photogrephia plate and used that as the transmission  
di1 root grating. MW'M#  J.C. (195) treated the scalp 
po#eniie].e as a result of electric field. , erate4 by a 
e&bet of dipoles amide the head [23]. He suggested that 
it was fran that gradient distribution  ' quantitetive 
determination of source depth et►% be aedr. As a result of 
all these early explorations it becow clear that any 
analysis of ERG needs to be of its statistical properties. 

The aseuspilon underlying the eothsmaUGS1 
model and th. procedure applied in different esihods of  
,analysis areas follows C22). 

Assumptions a 
(1) Te BEG is aan►iexed as a short term stationary process 
i.e. a very sash i 	(10 see) epoch of analysis, the beeio 
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*st$14 tactors for the 1oo"" On lhrsr"to It 405$ 

not am that OWISO u r tD s.. epochs will net fluctuate, 
it to presses is ststtonsz7 for 0 sMh boar period, bet 
rafter that VO nature of these fluctustioas MroR 10 iso 
'epoch to eruct 10 aero spook will tell vi$bM ststiatics31 
predictable halts. 

(ii) 	oh**i®s 	stats arad in r factors + tsr11 
the presses will moist for periods of tli soI greeter 
'fin the epoch of analysis, so that ny mph.. of the 
derived pN ,risers will be .wailsbla. 

The dissdvents of soda sosljsl s Is the 

Incapability 1!o distinguish between ""bots and original  

na and also the transient aharsoteriatici of the analyatr. 

In 	 11paskngof1tO&UUUdli 1M  
,Psri.d of wewse are measured secording to assumed spsoitios""' 
i 	►• S'1 ). And'the a tabu of 'rives or the an of 
their amplitudes of every 0.5 0/s from 0.5 to 8.0 o/r 
(b and 4 waves), every 1.0 0/r tram 18.0 to 20#0 4/0 

(a wave), at ever] 5.0 c/s from 20,0 to 30.0 c/s (P wave) 

Is. plotted L87. 

in a rSO is aignat like not  the criteria for 
making the histograms *!test► the Int,uistton content of 
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(1) In IS AMPLITUDE AND t IS PERIOD 

(II) AS h1 >10 iV AND h2 < 10 /JV THIS IS A SINGLE 

WAVE WITH AN AMPLITUDE OF h3  (h3  IS  A  SLOW WAVE) 

(111) hl,h2,h3 >101&LV h4, h5 < 3OPV 

h3  AND h6  ARE CHOSEN 

( h4ih5 AND h6  ARE SLOW WAVES) 

FfG•5.1 
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Y.2 1►~uri~ " 11nP~►~r~ria l r~tt 

In for t"qusno7 i7*int 	'ou lWo #cuss 
"Pmo on, the t etrsenos urlgzsphiQ wave . i eansid•red 
as a p a~ o c wave 	rt► .t# as ta11► [1, 1] ] $ 

yrs 
" 	t(t) coo z +# tI for a s Oplots 0«. 

1T # ti akin nwit dt for a a O,1, 2, .. « 

The "petite r• wavefoza barn now been broken 
into a Series of ooapo*n ai*1a 	WbO*S t 	aa3em are 

m tip2as of w tog•tt*r with +stent A.. 

It "(t) is not a pss .dLQ sins1, a the 
sufficient coiditist 	I (i(i) J It < co is ;alti' led, 
the P ri.r series sas.a Ante the Perrier incl T- ate as LI 

where 3 (0) As the YOWL*z' ? atoz* of ?(t) 

iwt 
*1CD (t); at 

In the case of 	t ti+c ar ► ? si.i 3(t), lbs  
condition I I I(t) I it < o0 is £tilfiUsd for lbs funotion 

'~tt} * 3(t). D(t)  
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with 3(t) a  

o truncation function (box ser moo" i ), with e(z) 00 the  

step function. A 	?seri.r trsu tua of Y3(t) is 
;Jvsn as 

r  $ $(t) C  lot dt 	... 	2 4) 

ier two is the power spectrs of 
the a ial. Bch ivew ' bm treqsucj btributLon of the 
power of the awl. Th* as, #.stare of the `e ier power 
spectra is that it is &nsensitIva to phase shifts of input 
log • sss*ain the eisl is periodic, outa14. the .s*p of 
interval, the us. ori asj be QbV$M srbitrer$ij without 
s Usoti the Viler power spec' ice. o the Yo rtsr .nsl;sim  
of ZO rte►] is also not of imica thtezest them days as it 
heats the vow* as periodic  ant do.. not givar the real u ► 

'! a suto-cornlstion function tor baa date 
describes the dement. of the vslusa of the data at one tir 
on the values at ether Woo The # +►rx•later fuxiottob  
is defined ssthesatictuy as follows [23l 

(T Ila 4  I"*  x(,%)* z(t . r) At , Cpl. z < 

•.. (V.3.1) 



as.  TWO Of 'tb 0, the seziass 2 Aipuld not 
be greeter than 10% of To  The on. striking property of 
eiLte-oorzelstion function is tbet it the tis. 1znc#ion 
contains no periodic .ospoxwnt a only reMan cosponont, 
thea sLtt&iCorrolstiCn function 'ids to SO"good the rats 
at which it "a"" to .4M" to s M**X of `fir Ma u r 
of the data E2). 

The •etlastd sit000rre1.tio motion for 
discrete date at the disaceaeM rh is defined as [ 1]. 

i 
ss+► (V.3.2) 

where 
b w saapUa3g inter ► (fit a TA) 

ralag intaber 

a a Mziaa It& Abber 

the muto m=,eletiam function can be viewed as 
s ri►sawrr Of the tr.cLlIauey  content  Of the aaajs function. 
The 	y content b8 given by Yovriar Ifo. Of 
s to-ratio rrelstion Auioiion or power spectral debai r (PSD) 
as toll.ws, 

EM  (t) • 2 j 	( t) .z p (uu13*i )dt 

a 4 tor 	(T) Co. (2d 4% 	,..(.3«3) 
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r •stiar stad }tSD kation for dlaoreta ll"to 
1. tvs by 

Bk* C I;,9 ' 2 is R,. Col r~ . —1 . R] 

k a G! It 2, ... as 	..4 Y.y,4)  

The w.1*ss of 5D era thn osoothed s000r thj t 

to the Sora~lti, asthod as tol nt$ [ ] 

S0 0 0.5 s0 . 0.5 % 

Sk a b.25$b„1*O.SSk+0.25 8k.1 
(k a I t ^, ). ..., a — fit ) 

a_ a 0.5 s , + O.58 
The oross rral. ton , i o the relation 1etween 

two sial iso. two c)extn*1s in eisa of ZEG, as I [ 2 ] 

$ 	+r 1 # 	to XM. 7(t. 'C .) 41t  

It is a awrsazra of the 6a res as interdapo 3+Aas 
between the W oijzs.ts troa two or acre #ala. Vie Iourler 
*rsaslor* of the crow 'eorx'o10 	gi os the o oo o uvom,,, 
the PSD In frequency doasins This it used to sus4ao the 
no trsanis which ra,.rl waves of apparently is now 
frequency  is dUtu_snt locat ozi of bead often bo 	an 
apparent shift of phess. U this two 12611 0 are Identical to 
frequency aM jthi#i b't set truly periodic In character 
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$Mj #I" gmiuion t. of orou- orrsl.tion c r e around 
sereleitis.. Thede.qteMr000.lationJadLsto 
the ZEG $Ctipit r bs1134, alter► br&efli periodic, of 
oon*$smaaly so and hence the aero approaohix4 of the  
°".[3*4] 

sthsr lntrodus.d a coherence funoiicu risi ar 
to +ones. n for pail' of tznotioa posuwr,n S.zmrsl 
hsraonia dsasapo.itioa. - It. a Mss of the correlation 
between two s als at 'rsqu.noy w and As dOSIMd ass 

• sic' ,  

Where P reefs the spectral wit r of 
the oom*p4 n sinsl.. It is * ae of bow well 
psrticoisr spectral coupon=$ In one sial (z) can be 
.stgaated by a 1t .r kation of apeatal +c vast in 
another a*inol (3')• 

Theadvantage of correlation anolrsie evsr filter 
tecbni urs As that It can detect the periodic . al 
irs.pectice of Its trequ.noj caaponents. The asthoda of POD 
and txequency correlation p3.ot ► are rr+ r7 difficult  to use  
in the aoz4torixz, of 1.n& data cls (*.j +r  Wa ), $iZIOS tbs 
make n1*aial dads on the perceptiveness, aWl, and 
•xpsrisne* of the sr.lwstar in sssooietin the subtle mss 
in the fuziotion shape with ohat O in state. AM also,  the 
extent to which the b..io xasuaptions of these methods are 
not is ►tr ,.r*ial {22J, 
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T.4  9„ ►.. * $i*o 
Wbsn the twosja1 Mae$ass sirs si3tLplld 

to produce s sinjs esul*out, ft Is useful for int.rpr.Uv. 
purposes #o tea►#s the relsttoxurbz&p of the resultant spsctxua 
to the spectra or sspszs*+r factors [ 2), *.4. the EZO can 
be wzit*a► ass 

8(t) a a., Cit). s2  4 

The Misr transoms is $iIsr* fir' 

The Pour s trensfor a Of 53(4) aM 52(') firs denoted. ter 
(") std , (w) r.• lto iv#1 . 8Ubs*Ltut$a QW 	►o * 

Po ter z*z*sfora of $I, An the *z "ss for 6(t) 

g(w) * ,meq 	•3C) szp (Let) 0 a 02(*) .zp( i.t) It 

err 	s 

400 	pc 	( „  	4*) 0 

or 	* C s3). 

i.e. 	anplitudsspeg1=& of rce1tant s&ns] 8(t) Le 

obtained bb conwoiytu the sa .ttu4• spectra at two fic#ois 
e (t) and  82(t). Convoluttan spites spectral sptsMi j, 
then Uedvitth constraints ehszsctsrist3o of UG data constrains 
the pzIod snsljtio oo4i points to confor to ZIG ws shape [22jJ 



43 

V.5 

The power spestriis .i,Yss the ooaplste intorasticn  
*bout th statistical prop.rti.s of an SO ss*pls 0147 %u4sr 
the sssu*ptioa "at v0d 	process is faasian. Ther 
May be s ss relationship bstwsan different frequency 
bands sitbo ► the sod ►1 of 0 stat Lcna*7 Gaussian process 
*ss ss iadspan4sncs between 4Lfferent lxxaqu y bands. 
This sus, •sts the obsorvatl on of bibsr order spectra.  $o 
the first Is 'mar btspsctia. C 73. 

Analogous to power spectrua 8(t.), which is the 
?ouxiar tirsnsfox* of sutouo 16am; 

83  I [2t' . j  ], the biispctnuw B ("10  W2) x P*MM cs 
00 spectral xvwnlerps t of second order auto vusiura 

S  * z [xe, X,, .k], and is setisatel by smoth ng 
the triple product $ 1( ). 1(w2).  Ew3 + w2 ). Therefore 
the bisp tau may be consider as the spectral de"apositlen 
of the third sintral ani (Which 4S*.**InIs lbs skswnsss 
at the asphtt fide disiri*tic►), The calculation of bicohs os 

C(w1,w ) 	 --.  

+ tiosst*stss the degree of relationship between different 
tZ! of a►y mix wig th. sass UG. Tha ezpeot.d voluas of 
bioohsrenas is sero fora ter render ei sl and is ors of 
a 	plxt*ly pus looked sjstez, this s3u* is unity. i 
dcv istiana tit the MxpsotM value depends upafi the factor 



•uoh as v baa sic., the 1szjth Of seat epoch, z4 
*,%*tUmsr3t, of the N1us1 [233. 

no c** ultsml ti needed for the ealk"MU i of 
biepsatra is about 90 tis l roger then for power speotri, 

V.6 Lio&Aisbs14 

In applications, In which the bitoraat ion to be 
sbstz.eted tea lone ten G rraorlin. appear in the town 
of grnrr.1iud chinjsa in the cozplsz. *Utur. of the awl, 
$ parameter it chose. which .fttati sly seuitor or trick 
this. ams. The *rsckin.g psrssetsxs an. derived two the 

G"• s tospsotm ►#, its auto correlation 	 stun, aM fron  
that sv.nege sara aroesinj rata of .ZEG end its tine derivatives, 
The paraset ar represent even ordered  nosents or rower spectra]. 
density eM for coriplax lEG a Iain., *1* pereattere are 
equivalent statistical a amine at 	. 

'hr data points in period analysis are selected d 
is correspond to the f + viz* event *fir [233. 

(l) the Use at which the siUza3 pose.. tbronlh its ares. 
value (o*Ue prinary Sen. cnrndW rat.). 

(it) The ti wr et which the *ls3 *►*oboe on rr ctrwl v4 
(e ►d intus.d$st. S c -wain point.). 

(lit) the use at which the sinsl has ,n leflezton past 
(called manor am ar►rr , points). 
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as foLtow3zig snati. "Leto* ' avers" rats  
of so" svesait s to the power s setrs1 densIty (PS)) for a 
toz.Uy distrib it. 	sfl a a. 

2 /'2k.2  F(S) U 

wbs 	+ average rats of se# oxàaalags of the kth  
derIvative of the aI s1 process 8(t) 

`. a I vsr Spectra] amity C D3 of the signal 8(t) 

r su 	orr.. 9 	o i (A OP) +ra34 ( 	) lfUZLotIofl axe 
rslst.4 as fQUow.s 

tT - ; F(S) .zpU 2*f-c) 65 

* 24 PMM.M coo 2*t T 	 ... (V.6.2) 

S1xcs only even aoasn#e 4a Slot vanish, ciai4irthg  
the *fia or4nsd deri'vativ'es Of O(Z ) 

+~2 
	2 to(4)fl (2sf) F(') Co! 2*Zz 45 

t2 	! Z 
	 (V.6.) 



In this way • las` ►!sd St 4o'*pztis the oo pec snt# 
of PMMM ant than intejrstii g t 	t) $0 deriws its,, 
we can eoa *ts the values of .O( c) at (2* 0 1) 3zioxeaents 
of lag )6(0)9  O(A Z )9 ....,, . ( 	2) ,.xpsztoraa$apl. 
finite ait'tsrezasw operations to ooai*ito spectral tents. 

We hs vs for the average rats at which SO) 
pass *s ibsough its scro aeon vales 

i r  -0kt ?12 	... 

ric4 analysis dots not somas .1 s' saplitud.. 
IS voul t be soapl taly UUUS 3 s 490 represent the vaveahaps  
of s signal of unlisited bandwidth by period analyticSOU"a, 
since there would Igs no correlation between thr #ias 	 ing  
of events and relative siel sacplifi s. 	r choice for 
epoch also Is $ Doo ttpl'oMsa for ob'sinizg stable short teas 
stat let Ui#hw"% asoothing the veriatloas of interest 
associated VARA the  lost, teas its i+ sy *ts ects refleoted 
in lam! record [22]. 

'T 

 

need for quantitative method in the description  
of ZIG ware has ""put amy ss eseuoisnr to define swttsb .e 
ps stere. yrs Stmt step in 194 $Maas&* Is to divide the 
ZIG into amesgeabis league. Teas stationary se is of 
variable , the slvefl : the date reduction and no also described 



by the saw X11 Ywabsr of prraast.rs. !bsss lisra"Urs 
mould q ►city tha UQ cbsrset rlatlos nor. perfectly. 

E3.r tht33J * d riv*4 11*.. poromelmre in 
doasin taking the spoons of sue length. SOWO"r„ it th 
•pooh lengths are notified by lb. .*gssniation proosdure [163,  
to hrn OW pW%ioh+ ` non.stsUoasrity in Me segasM, 
lbs a 	jo r+ stess in these new Spocha wi. be a*ter. dia- 
tingutshsd and note infornative. The author epplied The 
sue .pprsseh towards 90 analysis i... -r, Utizzg lbs l 
wave ter dcc 14 log lbs unsqna3 spooba fox the yrs► of 
ter donsit analysis. 

Hence for prob3.a of ZIG wave rms Is is 
dLvU*d into two ses#ions via) (1) aegnontetio3i of the ZI.G 
Tyson, (U) si# the description of ZIG wave thsraot.ristica 
by a 	absr of Yorue%*" in each SO&MAIb. Pi thy, 
the stud is discussed at length aM then certain ZIG 
Irises are analysed nmaerlcs2J.y booed on the present analysis. 

oodanstein aM Pr oriva (1977) used an euto 
regressive filter as1hod for bounder.y detection of # 
segnonts [ 19] . The poems nomad, 	.Abs*; !a Ho` ' h4; 
3978, for the segasotatbon of ZIG . G wave is based on sut ' 
aotie1sf n :*natswn (Atm) [ie]. The beaJ o Ad00 of s► 	.' 
lien to as tollawa a 
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m. 	wave is obasrisd1 lhro*jh a oithj 
wiMew with rsspsst tea referents wthdow. The criteria 
for the wia w is to reveal form the slowest frequency  
coaponuts is. the l ei► of the window (WL) As loss than 
the shortest .xpast d aepm% bA% lai enough a1.* to 

satiety the a* Me criteria. !o posiflan of the reference 
window is fixed at the first positic4 of each scan of the 
flip wa~ra. AM ihe test willow is *Orad in steps (s.d, 
200 a its In present snoijs1s) to scan tb. U( wave• When 
tbr difference between the ZZC ohs 	gran through 
The two vthdowa to large a 	►* 0 new sargsant lar to 
+rata. taw a now reference window is placed at the 
beginning of the next .ega, t 	cess Is repeat . 

V. 7.1(s) 	torr sr is IMA 	t,,, s„ 

A diU.rence anro 'batten the toot ant 
rsfer ne* Is assumed as this linear am of first order time 
of sp1Ltnds ani trsqusno? obi to ,psrc.ntsga basls#S& 

vital inspect Lou of Z0 reoordsUWOIV.. iut'ora t Ion 
•bo &t saplituds and frequenCy. The difference equation is 
as followsI 

MY a . 0 	
... (V.7.1) 

uplituds and frequency r.spsoflv.ly. AM also AThk .!t 
=ilVh. threshold Values for aaplLtv.de •14 frequency 



'r.. of&vly! mm se 	d 	spszsntby talk a s l 

for best results • 

loth ssplitu8s L4 trequoaoy 4 Zsr.uo.s 	 % 

(ADI!' ' aM flfl) sirs ci su ete* fros the auto-correlation  

funstions for VSt* SZLC• SM test W#*3$0w1. 

equals WW **U" tort of the power (I) OMOS a* froa the 
h0 " 	i 1 #mt " otrL'ion func um at sirs lot 

peroontage cbsu 	sapLltudo (ADS) is S1v 

.bsolnts islus Of the 4iSt.x*oo bstwsix* the aute-oorr.1st ion 

it u ► ia div i# by fir *thisus. 

8IáUsr1y* 	the dUtts xsnee between the 
two fegwmolss di ids4 by tri' M5zila. lox ZG, At 
sssures the overall f query cam. fto two aha- 
oorr.lstion tuzaetions or. mai**4 am supsiriaposed (l s5 2), 

To obtdn this p rrsas tor, the yrs 1yiz between th. two 
a mals" s*to'osrr.Zop!sas, tst +$ ZtLOU]*r 1 	4t 

the curve (ACPL)., to di~rr st by 	 sr" csaon is bath 

the surves, 	y the 	.tart sep ►ioxis of the stto- 
ooxreloirsaa no ao .do d. The 1 	of the swto- 
.errslejr.a (M ) is d.sJ4id by 	 slow wave des 
coast *stiçn and to taken as the l *4th1 at last ano  
to*rth of the 1 ,.st cjc3.s isaTh. to be considered. 

The psist in ti.as at much my difference 
MOSOMMreoches thrUMld is taken as the refect pint • 

e ID 



PQ 

3 

'lE LAG 

~Lf SED 

0' 

ADIFF = 

FDIFF = B/C 

FI G. 6.2.. 
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It is 4Lsplst 	+o► the bouMssy ems. Zvea 
there are shiirp -*up 1*k. shalltSS is the vale, this 

dia , ,amt D(0) 	ver Sroa so" to arm VU40V 
1enth ('M.3.2 ). 	suther has estiseted the boundary 
as the reti► orf two aasnsir►rsm1tse* auto 1s3a iS 
tunotian at the sawr 1s of a rt.r.uos www a lbs 

test window jivin diffarexias amasurr as lbrssbo34 it 

	

As the 4OU01+i of 	#stf r ' , + e s 
*on the rstu,.nos window pss2tic, pro a 'very sash +dei sy 

. 120 art ase In ss.nt enshysis) is thtreduo.d 

between the mar► line of the . n MIA lbs xiazt 

tom* wIMw errL# . 

c 	., 	~' 	1. 	~. 	_ .x 	.~r. _ 	. _~. 	~ 	. ~.~.'.._ __• -_ 

The it#istic.1 asthods thvol,Ing the 

freqii*enoy + tsid*rations are used to define desortp*tvs 
qualities tar the general cbsrast.risstioxL of an -
11 prttern Of an *1W wave. The s* u"t sharsetex  

end oas pity* within .aoh epoch in r #;far deasin are 
defer as follows [1)3. 

(a) Astiv1t3r 	The activity 10 quantUist'7 asans of th* 
waxisnes at sapl .tuts (or squared ataMard deviation) (r*)2, 
whisk has to asce.ssry alvo property  to show s►' 
vation if different QUOVT*tions during the spoeh Into 
an. "Y"emtaf. ver t'igIX0. 



(b) WO Lty 1 'M► aobUlty is di AMA as the ratio of 
the •tOrI d*TL& i4m of the tit dari t . (i.e. slope) 
to the .#sMss+t 4a*stt n of tit .*pItude (t),  it 
is zprsesed as • ratio per ties unit =dsay *1s* be 
*oreis"d an saps frequescy. dines these qaantttirs are 
equally deptrdsst on the sass OTIM409  the ratio will 
be dependent an the curve Ibeps only in suaha way that 
it aura rss the relative wmroa s slope. 

(a) CamAozity s This paresetar is di*snrionleas sM 
esti sted as the ratio btu the eabil ity of the first 
derivative of ZIG wave and the sob ity of the 	wave  
itself (i.e. 	3S It &tvse 0 aassur. of excessive 

detail. with reference to the soft.st possible curve 
shsp i.e. elm wow*#  this oorrsapondiag to unity. Is 
ezprss. the uoabsr of stez4srd slopes actually, r t d 
during the sv*mW Use asqiiired for jsnsrstion of ems 
stand 	) Ltt►de 08 , 1v by !h. sobili' . 

T. *103 

Mar actual pram for •t1t1d  the 
parses tars for a part iou3sr 	wave is gyrate* in  
the blow ste, s 

1. Mgnt.tiozk of ZIG waves 
(a) Mattes the threshold values for saplitude and  

fi.quemay (A?* and tT)1Z ), the Window 1+nt► (WL), 
*tarp *i (8?), the 	 rrolation function lenjth 
(ACZX 4, sM the delay between two its (P). 
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(b) DittLM the vsws ape at t1 thorn.: (R), 

aM then o4amist* the ouu-oojR"rsle' 	rmouens 

kiwis ai&t' . IeSfu for Osma" ACfli trios 

reteznss and test wiMow 40110 points. AM also 

o 	..10 the aors.3Lssd values tar the above "no 

(c) A)lfl An c*lo*sltad fros the nonsior*eU auto 

•smlst ion tuneti *t sore 3sg tori refer 

aM too$ 'Ides (P11.5 2.). 

(4) . 	oslculata4 tree .norasliss4 satrsorrelapaas 

` vad*6 by AO1'L (i.sauaM ). to calculate lbs area  
! ILUS -Sin the ', .Z) boun4+ed by the two 
** the anther has tssed lbs travexolw rule 

end for a2ap3Jxl%y aM W*VIU the to rr.1 sass 
are esazasd to be fused by straidhI lines bets 
two peIsIs aM the uunas ON not.  + ate ene 

celc4st 	$ only the ratio of the 
two areas. 

(0) Z t, the D waluss are es1cu3ate4 trios lbs 
equation (.7.1), 

It the Talus free the above equation reaches the 
threshold value It then vi soy, to the next stop Ct) 
for . SlOSSh the bouMary,, otherwise we repeat 
the above stops for the test willow date .points after 
qTthe vi~►v 4*016M by 	 stnpsiss (U) saaw d, 



CS) The boun.rj is ..iLts4 b calculs%thj  
p za. ter PMM M so the ratio of the auto-
eosziiatiou fatten at ear. is for x.t.rnce 
and the  too$ wi olv AaDi4e4 by the e# ►p (a). 

() The next s rfasnoa vi ta► is Piet after the  
asawied . 401*1 (1)) aM the whole pzeo"Uro i.e 
r.pa.tsd to decide fit* other , ts. 

2. Odci1*tom of Paresatere 

w) 	data points for r #+ i*t axe taken arid the 
first derwathu, a% each point is calculated t o 
tbo 4iZterext tat ion t012 3a applied for tshe3.ted  
nines 'six+ Juthe App dix A, 

('b) inAarly the 	 derivative Sr calculated at 
each potht of the 	e*t fran the earl tar scicu3arted 
'eluss Of the ti z'*t derivative  of the function.  

(c) art the . 	r* deviation of all the values for 
t sevent is s$le t*t for **piI,it45 (as), #fir 
tires derivative (a). aM theooz derivative 
(044) of the data pet t*. cru the "ire ps"M rs 
•.. a otivit (a,42 ) s o►bAi (ei/c5) and + a 	xi s 

a t  

(a) The asso roudurs Is ressted Sc? other 'emu 
1100. 
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1. 	I 	 .. _4. 	. a r 4 

Tho thod awl * n thaBion W.7` 
Users s wow of quaMLtyaj the str ► oharse rZ. t&os 
of s ZIG trace. Us author baa tented the three psrs 
acts (s.E« ..ttvlty, AWINIS . *54 +a p OSIU) for ZIG 
votes In different scud tt&e s at abzzorulLty on slow 
votes to"** a' eraa1 vory slew, si s r o l seduotely 
slow va . 

fo a arsr ss the naM ctrl and ;petit owl 
silo of .p o y# 	

specific pattern  each cast for  

*I► ohezmsl Is sn lysed by Use sithor. A *ase of 
0syao.t In *ootpttsl area of two h#"sybens Is also 

'.yfld. 

The G vats patterns for all cases, thni 
In F ws-q~, azo taken fran the book ( o 30). 	ans1sis  
can be szk railed to other aheun.la of 	 r.oead# s 
as cell. Tb. s.Rasr4ation at sash wore is •picted by the 
snows In the SI re. l sU these iativ tusl. ssaen#s• 
the three Yoreastua (e 2i Qt Ii,. a doi A 1 061 ,$) tst+" 
earlier us as rrrstod and tsbi steel In the Tables VY.l) to 

Date for thus tables are jLv.n In £ppsdiz No 
The tis of the p►raaoters listed An the  

sbott "no$ era es .sit d aszmsUy. Th. data Palau are 
also united In e'er as the ICS yrs taken In each east 
I. vuj saoU. The ..insnt.tiw celuxe'T*s 1k. error 



below 20% WI. [IJ, a*s! t.tsction of 1Oflut.iiOfl*Z'itJ 
also "Pon" an the 2,osifloalOf the .xf.r not wiz&daw of 

The values ,tea the first *v of the Tables 
(V.1), 	(.2) *how that the srticu1ar .sut (III), 
the activity is Ine *asd cM the mab liy iimodused 
appreciably a. cvrpaxid to the 0rbiii#y in other ejasnta. 
It zi a parr ware is recorded in that psrtii1.r 

jni5 which can asi4 to be focussed. This too* is 
jai &oally eorroboz!stod as the ,pathological +tarry is or 
slow wa focus, why Issas a local laid 4*jw*sstvs 
motion to injury anac as VWQOUy cUr* aTOUM #nor, 
infarct, or abasse [9j. 

Us ascend aid third r ooi the Tables (V.1)  
to (Y.) s ps s the activity, sobUiiy,aid cosplezity 
in case of diffused slow *ctiity of the slsetroaiicephelo 
gras. it Is perspicuous that .ofll ty aM sobiUty In abmorasi 
rarer *low La lea. than the sbaor , asderstaly .1ev 
era" o And the ocaplezity is larger in the first sass. 

In pa t, t asi ipilapey the sri.aur* usually 
lasts ter ^ + "37 mat duration. This i0 corroborated  
the gas% UO activity is increased '(III and IT) asgsnt r AN► 

Table (Y4), alongwith Tory high srbility in (111) s ni •. 
Table (V.2), in ooapsriasn to the activity aid sobiiity in 
other oanUjucus asgnta. In this Os.. the ream becoasa 
I*** .aaplu +wntoraissg to the *aft"*% +urvs. 



tw r in Orezarl, ' so$Lvlt3 is an tin 
3dj ► side► a r aobL1Lt La also Yarjin frea low lo 
fir  value..ppteSLsblj. Z this vs r all ► above  
atho1ois.3. eddittna are eorrsborstsd b thu asth*-

tisal aals ar. 

In table (V.4), the Vsraast.r for lar +w 
riiht .o.i$tsl axes 	are coapeled . tw 

f$1V1tJ aM saWaltj An r ii 000ipital ma s $# 1*80 
thai the loft a eL$$tal area 	► a is except o" 
episn1► IV — table (T.4) • Ths .o r ► of *20 vase 
of right isbsrs is are azo pt Lag the aegn1 27. it 
a*aa the" to a ssJ$r, between right aM loft 
oocLpLtsl ma of the bxsin fah corroborates r tact 
that E2G . wsss were spsoUL. ter voltage 	! r 
as rt in the sit oaeipi ma. 	azzalsLa 
sorreot34 s i4 the e y etrj bsti.s.n two beaisp ers. 
which j be 11pt1 in iMisatLag the lateraltsM brain 

?s 
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CIAI t — TI 

This diaaartst kon UUS bsan occsr.d ritb 
t s sztraatisz of slmasntary tort+ r* .tea UG xtoords,, 
and thr *sass* eM r sal t to a asdiosl► dissosis. it 
should be swag at this pstt of tea that sisotro— 
O i U00-  + a* too* at .j*sity st#aloex. Though t 

tracer of rr, ratad saux.asnts In The 	 biological  
stats 	net be %ba memo  hovevir mm sontain aaast Am 
in coma whish *iht be oharsoteristic for the stat. of 
inveatijstien. $e ssr#a .l. ttro.n ram raas  aade at 

Wray or .0M b]; intervals mm of ,&rat vain, to apses►' 
th tLol, basaaar the asters of the mi•rlj i 

psthoiagical proesaa can to some extent to sundaad boa 
the rata at vhiai the *Wwxmlity is 

None  s1y "t *has *% I. used Sc? th. analysis 
purpose.  wOf O r f In ro*t1x Clinical rsords, .ls 
are 4►X'I 	at least 8. typically 22, trsquenfly even 16 
scads aiitamaoza y, gars the elects are distribidi 
over the scalp of the pati nt aaaaa*ia j to a fizad pattern. 
ii can apply the $amm prooiduri of analysis  +tet .11 tea,' 
AA parallel. A ooa oter pu'og raa sin be isda app ! results 
can be sbtsthsd b taaasn the Eats directly t0 ths 
eaa tar. The rapidly 1"We J" s UsliIity Of ire most 
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fii'& *s'Sift diite] Utwompat*ra eqipet withswfts s 
o+ rsrisra for ans o& that rid o►t t will allow the 

►phs&oIaa to os aasre the "tivLtj aid sobilitj in 4Uf.asnt  
,ports of the brain •spsciall In contz.1st.xsl al ** 
aid in psrtia*lrr the focal 4istri do of psrozaast 
sat iIitl is of utaost iaprtsz&oe for tho i," 	Oi* of 
t sar i 20"x1 lesIons. The eosp)szity of the ZEo ways 
dots not ,ire s **="At thtorastiou with roapaot to 
.hevrsslttie. of the broi., at prasart. 

A frthar scope of this .tom ; be in #►fir 
tiai4 of the ganivasc, aid the pmonsUty of . Jsosua. 
* bsalth brain probably uarda Its asora#s Jasour . 
the + onto at is broth of genit should +yu p orsd 
.ssi4iou.l . Jswrthelscs, In the V"Sms + irouns#ances, 
most foists of the 'rami or. bs##.r dscoribed by rthe 
oveUst than i 	Wit 	. 
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LLJ 

Bigpee* 'g " IL. t2 
ths t. alatad Tau** of the unotiofl at interni of he 
!hr doftv.tfto at each toUslatad , SAU, 01rs lbs sn. point., 
1# •alculs' iieos4ing to the 4ittsr.nttatton toffs,, 

` 	 (equation .23l of Bet.) 

ma error tars in this c it 	h2 5). Va. 
deriiati et the initial pent is oaIoulste4 as 90Uows 
(equation 3.2.6 of Rot. )# 

• 

While the derivative at lbs lard point is derived bar its  

sospenion slanted in opposite dire*ticn and is given br 
the equation,. 

The error art Is 	b2 In r rbm east. 
The sssoat order derivative sin also be derived tram the 

tabulated values for a test derivative in the err 
snalogus to lbs first derivative. 

(Mt* 	►mtck, J&in Vit., aM pari 0. $slvadcrit iIuasrlaal 
gilt# 	~r 

 
in *i2J, ?rSU*La. Roll as IML ,v%. 14d.,1965 ) 

-J 
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A7'PlYDIZ f 

Jil Data for ' bles (7..1), (T.2), a (7.3) 
!3i! _ JAUVTSZ bstwu i twa SaBOUs CM) ** 40 a ass. 

I so* a 205 .* 
T-axia 100," 	1 +bolt  

hoar ssjaszitstions 

♦' a 	1 	PTNII a 40% AM a 160 a ass,; 

stop Blas (8?) a .200 a 006 ,01 WL a 1.0 400.1 

MAY bstwsan twa "S"AU (1) 0 190 a "a. 

asl.J Blew i .vo Lo ► (El) 

*30 * 0, 0,, 0,,, '40, 0, -50,, -30, 
-'R0, 0, +100  0, 0,o  00  00  -,5o  00  
• So  of  too  0„ 0, -10,t '409 -l0, 
.10, -10, *109  -1100  -15, •1.5, 	0., 

II 	-10, ',5, -5, *IOo  -10„ 015,, 0,, 0, 
5,0,,00 0. 

11 	0, *409  .30, *30,, #509 .70,, .50, *200 
-'20rn40, .25, 0070, '100, --310, -100,-1009  
-30.*30, #7o, .50, *95„ .20,f  +10, -40, 
-609  -x70, -60,"80' -90*  -'75, 	'40, --10, 
.20, ;50, 	, .50, *55, 0# 

IT 	0,, -100. 0-159 	0, -S, *51, 010#  #10*  0 ,.10, 

•20•  .20, .10, #30: .10, 0, .30, .30, .300 
'40. +20, 0100  -40, 0,0  0, 0, 0, -10, 	-209  
'400  +209  .10,,  '40, 0,, O,,-109-40,-30. 



V 	•20, .30 , .20, *.40,  .40,  .30, .30. .10, •1O, 
W 0  10 s  1. , 	,0  

•10, p. 
• 39  

-10. 
 +10, 

0 
.10. 
-100 

-10, 
0100  

*a 
10, 

.10,0  

.1 0, 
Q 	0, 
.20,E  

0 
.48, 

.20, .30, .40. .40, Ot  10,, .10. +309  0-10. 
-90. '10,, 0, -30,0 .10, *lo* -10, .loft  #10,0  
.14„ •20. 

11:1.2 £tmnwl t.sy slew ( ' ) 
$+as"Ats 

-5, -.i5, eo, 35, -150 -109, --10, 10, 0100, 

.40,9  .30, .10,, 0, .10,, 0 .0, #5t 'low -35, 0, 0, 0,* .100  .10, 0-100  -10, o. 

II. .20,0  
,plot  

•25, of  0, -'5, .50  .5, 0, * 0  .20, 0, 0, 0, 0, 0, "40, •i5 
Int 0, --10*  0, , ' 	,59  00  •25, + 	3,, .20,, #200  

0, 
.150  
-109  

-100  -400  --10,, 
.5, 

4q# .3, 0,, .30,, •1Q, .15,  0, .20, .20. , , 
IT .10,, 0, 00  .5, 40, .3 0,, 5, .20, 0, .10, 0, 0, .50 .5, 0, .3 5, 010 .20, #20„ 0. 

.10, .3 5,0  *100, .5, 0  Q .159 .4% 
M*20 

 X24, 0, 5, *20# .10, #100 .10, .5, .3 0, +2 0 X20, .300 , 
. s  !05 0  0, .10, -1s+. 

#40, '30, .20• 
VI .15,r ,25,  0, .25,  ".3.0. .40, --1.5, . 	* 10, 0  -.10, 0, .25, .,5r  .50,, 0*  . 5r  200  

- 0, 0* #]Los. 0,, .2 5, .15w 0. 
3,1.3 A r. t.r.t.37 slow (om') 

I 	*109, -'0, 	, .10,, +50, .20, 	,-100, -30, .50, +40,, '40s  •• O,,-1Q►, 0.10,, .60,,, *40, .50, 
O, 0, '30, *we "'10, *"400 "30, .20# .40► 0,0  -20, -0, -30, .20, .40, -109 "70, ""30► . tt0  .709  0, 40, '-20, .50,.100, -10, -50, • 0, #1,09, #309  .D0, -20, --10, -.50, #' 0, .60, .,3O, .gip, 0, .50, .40*  0, -409  .10. 
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II 	-20, .50, Q,, .20,, .40, .10# -10,, -30, AN 
*70„ *-30,40, -20s •20* 0, .30. 0, -'30, ..10, * 20,-- 0, 0„ .130, 'W50, '40,, ..Q0, +20, .300 0,.30, *70,,, 0, -10, .40. 

Iii 'Mot 
9,"400,9 -10, *200, '""%%t -30, . 50, 0, 

 "y0~ s -'20, .?0, 0 .10, 0, *300 -30, -'10, Oo*60, .40 * -.)0, -30. 

iT 	09 -10,40, 0 0, *300 • '* .30s -'t -10, * • . , 0, 	s 0, .60, .40, -10, 	* -20, *W30, 0,, 0, * , -30,, 0, #20,, 20, -40, '.10,-b, .20, *70# .30, *209 -40, *20, 
, 	~ 	-"30,  w  	t ►  	ld# .10, -20 -30, 

I 	.70 #fit -00, • ,, -709 .80, -40, .30, 0s 
3s +20, 10 , "10,, -its,, '40,, 0900 	-70, 

e  -10,-'j0, .90, '-'70, .20, *70, " , *90• -20, -60,.0, .90, #909 	, •40. 
it 	-.o„ .50.40, -50, -60,  5t -65,  Wi0, -40, 

•-30. -'60,-70, -'70, ..75, -75, -70r -70, .70,. 
•400 -5o,,-35, -'109 .3 0, *109 * , *70, •75, 

-So,, '-40,-20. 
III 

 190 

0 .80,.40, • , .100, .50,, .209 .40, *20, 
*60, *0,.+20, 	0 *SD,, .40, 0900 -30, #600 

IV 	 '90* -70,'-20, *40, * p, + 5• .95, *95, *60r 
+20,0 -10,«. • 	9 	5, 	, -70, -70, -"70, 40, ,x.40,-,lO* *20, .60,, .95,, -30 * ?, 0109 
~, .1O,-95, • 30, *70. +9th. +80, .70, +70, 

Q, 5, 0, -- 5, 	. -5. 
V 	.50, .45,.,0, •55,, •s5, .10, .20, .,50,, .70, .5o, •95,-20, 	0 - ' -50,.100, 0, 	,.100, 0,.100,,-40, 	.20,E •60, "40, "'a+► *909 

-.600 .5o,,*90• #90. 
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)s 1.5 ZziL.l 	(LI) 

1 	00 #100 0, 00 -100 0, 0, 0 -10, p,, 0,, 0, 0, 0, • 40, .5, 0, 0,. 

11 	0, -400 Q. 0, . 0, .10, 0,, 0, 0r► .10, #209 *2 
311 	0, -lot -l.o, -15, 0,, -zoo 0, 0, 0,, 

0* "x.10, '40, 0 0r .30# .70s •10,,.40,; "80, .40, . 	. .* o f . 
IV 	70, 

,, ""60, , , -So, #60„ w.a 	~ •6 9 .~. -30, .6 0, 
•b), 	0 
•70,.50,  •,0, -70, 

-e S, 0, .60, * 5t ' 2O,w .60. O,.SO, .7 0, # 60. -50, -00 , .65s .70,, -.30,.70, •̀G'! •409 .60, .65, 0, CO, -60  5,, .60, -60, '" 	s 
40* 

.70, ,, -50, 'eo* ""30, .5o,.65, .30, s 409 0,.40. 
-]0* 
'40, 20,, .20, -30, .20, 

-No 
.20, 

.30, '40,, *40, 0, •30,.40, • ,5s x.59 *30, -],Qt 
o. 

VI 	00 0, 01.59 0 0, *'lo. 0, Of 010, 0, 40* 0, -10, 0..10• 0, 
of -10„ 0, 0, 0,, 0„ .10, 	0. 

Bs 2 	Vats for Table (V.4) 

1 aw* * # 
X-" 	V 	a Z an 	•#0 via. s:3 a 

Use Int•r►al between two seta (0) * 25 a see. 
Per $ntstions 

AMR a 40%; 	" i# #M 0 100 a see.; 
WL a 0.5 "at Step Was (Of,) - 125 a see.; 
Dally 

 
between two suits (I)) a 125 a Bio • 

St 2.1 Litt Owcxpita1 (LO) 

1 	#5, *10, "5* _0t 40, *15„ .3.0, *.20, -3.0,, 
.30, +15, - 50 .5, +50 .10,0 .5, 0, #50 0, te0, -lo, ♦50 .50 .15, •59 .5, 



*209 
-5, 
0, 

.5, 
0. 

+10,, 

."Rog  

-00 -5, 
.83.59, 

.45, 

0, 
0, 

X10, 
0, 

r 

0, -►2. 

.10,, -5t  

.10,-b, 
•20,-10, 
-10,-iS, 
.45, -.5, 

'-20,-b. 

-19• -10,  -5, 

* Q0, 0, +10, 

•5, ♦20! -iS, ♦lot  *1,5, -»iO, 
•15, 0• 
.10, -100 -50 

0, kgs *St 
-29, 10, 010, 

.'35, 	0, 

-5, ."„ 5,$ 
5, tea, , 
4, 0, -10. 

9  
-2, 

-19, 
-1. 

.x15, 

#10,, ♦5, 
.25, -15, 0, 

-5, .20, -5, 00 

0, .15, #Nt, . 25, .5,  

5, 45, -25, 
•]S,  "' 0, 
. 	of  

S MiS, 
0. 

-10, 
-'20, 

.5, 
*-10, 

#10. ", 

$, 059 .100. 
is, -eo. 
qs  
5,, 

-30, 
-10,, 
-40, 
-20,, 

'259  

1059  -'10, -iSrs  -25•  

-15, 0, *50 400  of  0, --'10,.40, .45w -'3, -25, 

1* 2.2 Zijht 0Ooipiti1 ( ) 

0  * ,Q, 
.10, .5,, +3,.10, 
.10, .15, 
• ,5, #5*  

2. •5. 
w 0  0, 

+159, +10, #5, ♦5v  '10, .25,, ..10, 0, #15, 
.10, 

0, 9,  05. 
.150  

0, .10, #10, 
+15, -5. •10, 

0 59, 
#50  .w10, 

--59  .25, +20„ .20, #100  -'5, .100  Of  
4150  0, ..lo, .20,0  .20,  ..20,, .20, .5. 

-50  *lot 05: 



$.lMu'ts 
IV 	0,9  +15, .259  +159  -10, -5,, .30, .25, 059  

	

0, -»59  +20, •15,, .45, ..'59 	•5, .5, +15, 
*100  0. 

Y 	-4, 0, +100  0150 	O -10, 	Os "100 Of  

	

R 	0, 	o, 	0 	0r 1 0r 	1 
VI 	.59, 	09, 	#59 	0, • 5, #50  ."5, .50, .5, 

	

#59  ©, -iii, -10, 	00  0, 	0, 0, 0. 

	

0„ .5,9  .5, .x00  .5, _50 	Olt -5, "5w 

	

.10, -50,;  .5, -5,, 	0, -4#  -10. 

VII 	.59  .1 9,  .15«  -1Q, 	00  -5,, 	0, -10, -5, 

	

, 	0 .- 	 00 	
, Of 
	, 0, .5,  0 0 0.  

VIII 	-10, 0, 0, -'5, 00, * st  .5, t5,, 0,, 

	

- , 00, 	0, -150  -109  0,, *5,, *150  •10, 
.5,, 0*  -10. 

31 	0, o, .5 	9. 	9, + 5, -5, --5, -lot, 
'45*  x-50  -40, -15, -5, 	, 	0, .59 -101► 

	

10, -10, -150  -10, 4, * , 	0, 0, .50  
0*  -5, .50  -5. 

1 	0, 0„ 	00  400  -20, --15, -109, 09 0, 

	

05: 	0, 	00, 	of 	-- ,, --1o„ 	0„ -.1.0, -15, 


	Title
	Synopsis
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	References
	Appendix

