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ABSTRACT

In thte lnvestigatlon 1t has been shoufll that oorone

oharacterletloe rnay be greatl.y lmproved. by covering a

conduotor wlth some Lnsu]-ation. An lnsulatecl oonctuetor

has shown even better characterietloe fn some respects

tha¡r a bare cond.uator havlng the same overalL dfaneter.



PftHFAGE

"gowever hfgh we lnaJr eltnb f..n th9 B,r¡ql.t of

EnowLedge ve€ shaLl see heights aþove uen anil tbe nore

we extencl our vÍes the nore consoLouç wÊ shall be of :- -

,4.a':,4.,:

the lnnensfty rrhloh lf es beyond" n

thls wo?k t€tr thersforer not a oormplete g¡rtd.e to

the etudy of eorona. Â. great deal of lttrdy tras bega 
',,.,,, ,,,

done on the ûf.fferEnt aspoots of coronao but one fLeldr ' :

the strrdy of the rEffeotive¿esa of f.nsulatloaE 1n lnprorr; ,:.1,,., 
1

Lag aorsna charaeterlstLesr has haè llttle ínvestfgatlon"

fhe author has r¡nd,ertakEn the iavestigatf on of tbe 
. 
effae-

tJ.vejness of P¡lyrylnyl ChlorLûe anê PolygthyLenø lnsu,lat-
l

lons ln lnBrgv:tng the dlffereat corona eharaotarlgtloE of,

wtre CoaduOtors uslng Co-4ÍíaL oyllndler a,f,ra¡r€tements"

Ebe thesls la dtrtêgct lnto s1¡ ebapterco . the

ff.ret of theee lntroctueee eosona and, f'ts effecte anil

states the Broblom epeaffloal3-y. lfhe gecond. ðeala wtth

a vgry shorb revtew of the laws of vlsnral eorone a¡rdl ðls- ,,:',,,,..,,,

srlssrea brlefly the existl¿g theorles. fhe tblrü eñapter ,,:...,,:,.':.)':::::ì i::

glres Saheld.ng Brfctge Eeasu,reuentsn whlle the fourth

Breeeate a techn:tque of Radlo Inf}¡.ence VsLtege lneaellpg-

ments anct the resr¡l-ts obtaLneð therefrom" |Fbe f,1fth 
¡,. ì.,,,,,

ohapter axplaLne aåü dlgeuEses the obsOrved' faetao In :i::: :

the elxtb, conel"usloag Ê,re draqra ancl a oomment f.s nadlo



oll fi¡'ftlre sürdlee of the subjsctc Fone lengthy devcl-
opnent8r tablee of clatar Ê[dl a seooad¿rT mearlurement

technfque are fneluôecl fn the appenclfeego

, .,, l[he author vr¡:lehee to e:rpnaç Ír hÍE ðeep-felt gratl-'r-' 
tuäe to Professor eoWo Swtft for Ìrls extenElve helpo
enssuragenent and gufda,nee gnd to ProfeEeor J.pooo MeMath

for hfe sdvtae enü suggeetlonso [tre helB reaefrecl from
I ffiîo J*R. Sllfott l,n oenylug or¡t tho erpEz{.moats ln tIrE

Laborator"¡r aaû ilreo f,Lora lfeKeahr¡le la tmxag tba tbeslg
l"o groatly appreolated,o

spsefar tbaüks le extaacled to the Natf.onål Reeeareb

0sr¡ncf,} of, Caneds for tts grant for the proJeeto ftrû
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fheets"
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C}TAPTER Ï

ïNfr,Ro,Dg.grÏg,ry

iL.l coRosâ, 4NP TrF qFrEerg

For eleetroite eonft $lratloas profirolng * 
,

nomrnlfora f,tel,d, there ls a oertatn ga]g Lengûh abovo

wbLob ths €pe near the smfaee Gr $rsfaees of saxÍ-'
mru¡n stress þr-oalçe dlom at a voltage less thqn the sparts*,

brealgdown voLtage for that gep lengÈho fhe eloetffea1l
dl.eehârge et atnospherle presmre frop thte locsl
breakd,om, ts usually referreci ts as ooroaao

Fogi,tire eorona on a eo¡rciuetor eppeeræ es

a unLform blr¿I.elr-whlte eoveg-lng wer the whotre ecnôu,-e.--

tor snrrf-aceg negatLve eorsxla o¡E a eonctuotolp appearg

eE ognoentrateö reddLeh tr¡^f,ts of glovrlng gas at pslntti

eloag the oonductoro fhe dåreet eurrent eonone on

the BosltLve conduetor has exaatLy the sa¡a@ appeasanoe

as the altema'bång eüruenxt eorena on the posåtÍve helf
of the vo1tage w&v€o flre sa¡ne holde for the neg,atf.ve

*o&
oonðuotorråû¿

fhe øJ.eetråe fåeLd. at the eonduetor eurf&ee

clepende on Lts radluse the goometry wl.th reepeet to

other conilr¡.etore an¡d g¡ound,od, obJeets, arr& the surfeee

eondftf as we1L as., the voLtagse SÍnee the streee
& s¿rp6rs

r.



2

ts hl&egt at the susqface, the g!.ow f;l.rst starts the¡reo

I[ear the eond,uetor $¡rfaoe the lonlsed alr ls eonduct-
tng and henee the ef,fecttve conctuctor otze is somedrat

!¡cneased,. For tbe gÍ.ven vol"tage thls envelope l,nerea-
Ees 1a thlalsreee ur¡tfl the gtreEs faLls Èeloïy the n¡p-
trrrf,ng gnailicntoz

Coroa¿ ney bc r¡ndeslraþle due tor
1o ?ower Ï¡oss - llhe eorona on e hfgb voltage trangul'esfs¡r
ltno repreeente e oontlnuotrE pol!,er rossc Tbe oaugee of
powor Loss ¿fe nany. Ion collj.efons lrroiluctng exctte-
tlon ancl Lonlratloa of the g,as atong and asleeules end

Lncroast,ng thg therznal energy of the sêa¡ radfattoa of
enerry f,:rom the eorons, envelope¿ varfoug atont.c prooesses

talefng pLaee on the concluetor surfaee anrt lts su¡moar1dln¡4so

produetlon of sowrd enð Llcht - ell adl.d to the power rogs,
rhe ooro&a powea loss on a long trangnfseloÈ lfne nay bo

hf& (as groat ee the reelstenee t ossl) a¡rê ehgt¿Let no:smally

be kept ag Lovr es posgåble. unùer nornsl weather soa@

dltf.one ft i.ç usraaÌ.3.y ¡rot ilesårabLe to operate a traa.s-
uLse$.an lf.ne above Lte erltleaL e[f.snrptlve volt&g@o

2. R.a&ío rnterferenoe * Rad,f,o frequene¡r enerffir ls sgner-
ated on a condr¿etoe u*¡an the gradfent on Íts sunfaee

exeeedg the c¡{,tlaal dlen¿pttne value for the $rnroundf.ng

alr" lllhe radåatlon charaeteråstLos of the Lxne" *he

frequeno-y bef.reg reoelved,ses well. as.,, the r-f energy ggrle-



5

rated ntIl dete¡mfae tb,e reenrrtfng mrtÍo fnterferê¡rce
gleld.5l fhe prrlse netrrre of the ctfschqrgos f,rou
poLnt cosona has Þeen studltedt Þy several l¡ryeEtigptors.
ÂesErdfng to [bf.ehel the nnequeney of tbe ¡nrlsee sf,
aegatfve polnt eorona fnsreaeêa as tùe appllerit voltage
ås ra,lsedol9 Errcber also ngeo the flrst neaguæneatE

of the prlaos present ls poeftf.vra polnt 
"o"**o2o

ÂosorcHr¡g to Hf.LIer acû loeb tco typee of, ¡nrreeg arc
prasont ür posLtfve pof.at eoron& eael thego are b,s¡ur
ae etrga¡Èer and blrret lnlee u.27 gbe pregqos of thc
abovs paleee la the oorortg êf,eeharges f.s the na.Jor

cause of rradf.o fntsr:fefÊrlgg¡ wtth gtros,ner gulcce
tbs railto i,atsrfer€aso i.e very serd,ous. flhe gcouctrg,

of, tbo eyetogr star€eee eo¡retf.tÍ.ou¡s of ê:t soberg€ rousgea
ancl tbe ]f,ne voltage ttete¡qf.ae whothc¡r pssf.tive¡ r¡aga:.
tlvo op þoth types of pqtøes ã$rË preeeut fn tl¡e €oroaå
ðleqhe,r€p"I? {nqtyef.e sf tbe fra$r€tssy speetnnn of
the pnraeE shows that it eont+tns appncelable €onpoir-
ents of a!.1 freqrrenelea up to eþ€,Bt â5 negaeyoles pen
geeond,,

3o l.nsÏrlet!.on ÐøterLoratg,onä - varf.EaE ehsnleal B¡¡o-
ssst &a teke pleee Í.n thø sgrona erevos.oBen loa þonbsË6-

nent endl the aotf,on of eortnLn oibenisal eonpérus,ôs that
are fomeð clt¡,e to eorona saTrEG a ûete¡r:t oratlon of lase-



;:.1$

4

Lstl'on materlalso coz'onø, le aeconpan4Ed by tbo
eharaotorlstio oåor of osoneo rhe orygea nolcsuLe
preeent la the overstressed, atr spì.its lnto ohemfcaLr.y

?erIf aetlve neesent o¡õrgen (0). These o:rygen ato¡ne

may eonbfne to fom the nom¿al molqeule (OZ) or oao:ae

(tg)" $aEoent oxyg€ß (O) readf.ly oonbfnes w¿th metale
orgarrf.o nattor etoo lhe r¡netaþLs ozone nolecuLe (tE)
Þreaks up fnto on and 0' fhe aewry fornsd.nasceat
orçygen from of can reaðlly eonþ1ae r¡tttr ¡netaL and.

srganLa substancesc oxfdes of ¡rltrogen are also formed,

by the lnteractfon of af.trsgen and orvgen at very hf.gh
eleetrlc stregeo Tn the presenee of nols.tn¡re nLtrto
aof,d me¡r E ometines be fowned,o

r."a*gliB ,rR0q&qH

ït was the purpeee e:ß thls Ínvestfgatlons_
f"o fo ¡aeasr¡se by a Seherlng tsrldge the power factors
of a ¡n¡reber of pov,o" (poLyvd.n¡rl ehlorfde) fnmrlated and
bare eonduetsre aad gompaJre the power Feetor Gharaote(ts-
tf.os ag L ftrr¡atåon of çoLtage.

?,u ro eonpare the power trose characterfstfcs as calsr¡,-
l.ated from tk¿e above m€agurementgo

3" to eonpare tl¿e vls¿al corone, cha.reeterLstfcs (crftteal
v'o].tage and #radlent) of haæe a:x,ð povoeo sslrereð eonih¡e-

::-:.: -:.:-: : l

i:i: r::-:



,,:,,t,,t,1,

tors as a, fi¡nctloa of thelr lnoreass 1ú radlus over

that of fl¿t Al[G wlre

4. lo oompare Pou¡er Faotor CharaatsrlEtlas of bare,

povooo and polyethylene lnsulateil conductorse all hav- 
.:: :.::.:

fng the g€tute eonductor rad,lus, the fnsulatf.on thfok- i','r,,'rì.

nessee for the lnsnlateil eonrluotors belng equal"

5" llo neesure the Radlo Ecfluenee Voltages of pov.so

lnsulatedl a¡¡d bare conductors as a funotlon of applf.edt , '. "
, 

j-.1_. j-:'

voltageo 
.::t,..,t,t:,,,

6o lo ooulpæle the Radlo Sofse fnseptloa Voltage andl

Glradll.ent Characterfstl.os of both t¡rpes of oonduotord"

T " lfo oompare the Radf.o Influenee Voltagp Oharaoterle-

tfes &B a fi¡netlo¿ of gracllonto

8o llo expLaÍn ar¡il dlsaugs the observed faetso
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AEVIBW OF THE !T!ENAT['NF

? ql.JEltudtr, qRrqf0¡L_coRo$¡, eR +p,Iç[g
The eleotrlo gratllent at the mrrfaoe of a oon-

dluctor neoeosary to protluee vt$rÊt ÉtoGc eotrona ln afr ,.1
',:.'

fs glvsn for oo-axlal :oyllad,ers by the omptrlcal equa- :: :

I :'..tion'

Ee * ,0.h5 (1 . HFÌ.ooo.....ç...e cor.o(a.l)

rvherca

Eo = GrattÍent at ¡rlrs surfaoe f¡ nf#on,
r ,¡ Radlug of urlre i.n cmo

E s lrrreg¡rlarfÛ Faptor
êb s Rslatlve Air Denol.ty Faotor anð

¡B 5"9âb- c.o.oo!!ro.roo..ro
ffi 

o!!ro.roo..ro.rooì...o"(2n2)

In equ*tlon (?.2)r b ls tbs baronetr'åc proosure Ln eu, of,

Eg. aað t 1s tbe tenperaùrre tn frOo

, Dlfferent experLnenters gÍ.y€ tllffereat valuee of
tho so¿stants of equ,atton (2.1) e.go Peeh €É.vesr

t 3lnâ Cr o g"g ).o..ooc....ocooe.ûo(2.9)iär
urhlle others gtve lower values for the oonstaatE. In
- 

æ
* nvP æEllovo1ta pcr!

Ec

6
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T

fo¡anrla (2'1) morc or lgss mÊan raluês of thg oongtqnts

are usedoS

Xavegtlg,atloac heve shoüt that the e¡€dlcnt
'I

cqÌlatLon holilg to a p¡r€gstütÊ of a f,cw @o of, EgoÀ For
pollsheê cøürotors ttrc sta¡t of, vl$ral coronÊ ts qÉts

'l

aharryr¡ hsnoe the trrsgrrlarûty façtor m ie un!.W. Sor

rtnqnðerl aonûuotors tt vu¡'los vrlitely anð corons tlret,
etartg at potnts of bl& gtresE anð r¡ltlnately çovers

thø lúlolg surfasg, Srow¡ sleet¡ grêêaor oLlr itwt
snrl:¡noLeturç lower the aorons Ete¡¡'tlng grraðlent. coroaa

'.: t
oa. I tra+gelgslo¡¡ llne la str.ongly f.nftrueneedl ùy f,og

anil ralafall and elEo tbe altttuûe of tbo lfaeo
Dguatt on (2.r, ho1¡lE for a. ec Goleora' At tüc

i'
orcl,tloali d.tsnrptlve voltege tåe pcat of the voltege vÍavc

'lestabllslics a g:raillent on thq oonüuetor gr¡rfaoe rltotateil
i

by thls þqqatfoa'a¡nl eoror¡e then appeargu 0n dcco ü.gnal
torona vo!.tage <tlff,Ers s3tghtly for oonilr¡,etore at poeÍ*

tlve audì'ne€ptlve vol,tage. Shtg holdg equally for the
pos{ttve. *d negatf.ve hêlf eyales of an alternetf.ag vol-
tagE rüErvor Ia E2r COA Bnd lI2 posltlvg oorona flrgt

rl .l
atarte at hlgher 6radH.ente 'Èhbn negative corondo¿ In
Hei O, i¡nü a¿rr at Bressurras greater ttæra 1 cleo of Hg¡

the orltloal e¡adlont for posltl.vc corenß f.e Lowsn thqn
a

thÉit fob aegatf,ve Gorpoaac *{t preesureg lower t}ran L eü.
.;

of'xlga thø reverss ís tnre, For a.co the soroqg vøåtage



I
l,g posslbly cleterølaed by the ffust appea:ranoe of
tåe negatlve dLsc,hargs. rhts te beaause tbf.e il!,sahalge

can reinforce the oauses of posttLve corøa ln the ¿ert
half eyoiÌc, thereby fnareasing the oorona, volr¡ne o@-

sLderabl.y wltlr I co¡*Besponûüig lncrsage fn vtstbtlltyol

For a Go*axial cyllnder erntngenent the relq,tlæ.
Þetweqn tÈe etrees ât the $rrfaos of the condhrotor agil

the voltage þetwoen tbe ooniluotor anù the orte:r eylf¿dtor

nay be used w"ltlr the orlttoal g¡adHent fuon equatlon
(2.1) or (2"r) to obtaln the e:{.tlcal vlsual oorong vol-
tageo |[he resx¡lt ls¡

i :,:. :{u;rl-:-l.i;.;-l

'':.:.

Vc = Egr ln(R/¡l) EgF"ió.o.'lcr.e.oc.co€rp(2*4)

viheæe¡ R = û¿ter eyllncler radlug !.n gmo

r... -?".ã PEET9S SEEOFfÍ OF VTST'åE COROFA2'.:ll ñ-1--!!t-1-F.€

,i Aocorð1ng to Feeh, dl1sebargÊne la e gac doeE not
aeceaEaråly ooor aven f,f tbe elect¡"Í,a fl,clê exceoilg
the nbrea&ôoum strongthÉ of the gaeo Bepe¡rðlng æ
tbe er¡maü¡¡'e of the eloctrocle" tbc streso''quat exeÇsd

,,,,i thc breåküo¡ua atrength of tbe gss llp to a eertnl.n ûl.E-.

ts¡seon thla ctietanae l,a calLcü the æonerg¡r èlsta¡roeF

or Fstora,ge 1eagth*e ãerÐ thc chargs eerrlere gB¿n

eagrry to eo.atl¡¡ue thE rlùeehatrgpo lPho enargr dlotaneo
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êetemrtaeg the thtoh,eee of tihe fll-u of t on{.øatl.oa

sr¡.lFounclÍng tbe aleetrodeo rte presance pennlto tbð
developnent of sufflof.ent lonfo êne?ffc ÎÍre enerry
ilfstenoe ls o.5{î for the eyæiaetr{oal ft ekl of 8 ooûr-

.

rluato¡r lnsf,ôe e Go-4F{â1 oyt laileno For other *l,elüg
Ef,nf.la¡n rELatlo¡re rrlth allghtly clifferent anrnonLcal

valtleE for the eonstantE hotrô" Feek cerslüerE the GoÐ-

dr¡etf,ng lsnLaeü eian susrsr¿ntllng tbe rrtre a,s 
. 
a¡t fnolgace

tn the ¡vfrs elzoe the whols bef,ng the 'equlvalent cor*
ona,L eoarh¡atotrro

ïn bÍe theoqtr Bowßaeeil estspasea eoroae wC.th

epanHago He nakee thøeo eeøuupÈü.one - !l) tþat
firsu.T.attrre {ondsatto& eost¡.as from the oorç¡¡a fouæf.ag

eonduotoe to tho praee wbere the eLeetrfe ff.elcl be:
eones equal to tbe m{rrfsnn bseaþdown streagÈÞ, ef tbe
gÞsg anð (2) tbêt a epe¡rh dåsobsrge tekee p1eoe &e-

tween tbø Eoaêr¡.etory gr¡rface and tbE eËrfaee eo rteff,sed,.

If, tßoÐ¡ the experf.meatal epark Laws are applÍ.eå to
the quantltf.ee eo d.ctemfaeê,, eguetf.oas praetf.oally

f.d,entloaL wLth Peekoe eqnatf.oas ane oÉteåneå. (ffile
ðeve3.opæaat f.e oontf,:nueô ln appen&Í.x IT)"

'. a'
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9'p ry¡q#[rgqJT q"oFoqq ëno¡{-*qa+¿&gs. $orrp¿rrp,g

Peekss anil tomgend,ss tbeo¡d'es aro aot quf.tc

firfflolent to e3plafn aLL the obgefiredl facts of eoron¿o

IB pêI4lot¡lar tJrey eannot sôtfafaato¡É.ly explatn tho

rllfferenee ln the voltage re$ríreû to proðuge oorona

abo¡t pogltlve antl aegetlve coaüuotorso fowsdsyg the

mootra¡rls¡n of Oorof¡a fomstton fs geaeralXy o:plafnsdl

f,,ron ravalaaohetr lontaatLæ tald.ag lato aacsusrt thc

effeot of spaoe ohargsg forned the¡saf¡.

Etgn ose¡rgy oosnlo, ultravÍ,oiet aaü x-raysr 
-

nat¿ral natlloaetivfty anê otber lorlzlng ratllatlolrs

elmya protüroc free eteatltons l$ the atnosÞh9ro. l[bsae

oleet¡¡.one ars closgLy ¡le!,etedl to the foraatlon of co -
o@o Of .aøurseo lrnðer oertas.u oontlLtls.ns¡ c19etro4s

uay eleo Oo¡¡e from the elset¡reûe ltse!f," EoweYen¡

nhan a voltege betwsca two eLeotnodea 19 appll,e& thß

eleetr'ona are dz{,f,teô to¡sarü tbe posltlvo eJ'ÊEtroðo.

Wlth a euffÍ.ot"entl.y bf.& voltago tho aoosle¡ratad eloE-

trone gal¡t enexrgy to eause loataEtf,on by collt ston a¡rû

proðuoo spsoe ohargneo For posltlçe anô aegatÍYe

electroila potentlals the proüuetlon of spgqø ohergae

anð the|r mçtf.on¡ es well as ths othEr proeeggae tskn*

1æg tr¡j[Eac Éa aaü near the eleot¡oile s¿¡tfqgs dtlf,fcr

widalp, fior tt {s qut"ts rEeeonable ts bave s iltffegs¡oô

ln thellp ooronß ohara'etortstloso

I r'- :,.i'. "-':'.1.
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For the oo-axåal eyllncler aflFangement, thç

aetton of tbe speee ohargÞs fomed Tyt th altemetf.ng

eurrent aa d,eeerlberä by J.Do coblneel ås shosm..l.n

flsrlrs (2.1) f,nr sæewbat lileallueô co¡df"tl.onsc ln
thå.'s ff,grrre eharBly deffu¿eit bsunûarles êrÐ showa for
tbe spaoo eharges, thst¡gÞ aetuaLly they wor¡lct havo

d,f.*firee bor¡ncl,a,r{.eso He oonsf.ilers coroa,a.bas already

oeer¡ged and. erpla{.ns the eyele aa f,oL1ows ¡

Â,t en lnsta¡rt (À)r whsa the Epplf.edl voltgea

Íg sere¡ a rasÍôrral negutlva sp€eq ehelge ex{qtp Þe1

tween the ay}lnðers due to tbo' prerlou,E helf eyels sf
:ì:

nogetXtro oororx&¡ At tble f.uetsntq ltaoo of fo¡rso,.,

etert f,roa pssåtfvo bound eharges on both wf.re änd

oy1"S,nêer. and .te¡mlnatE st tþe qegaËlvs cpees ehargs.

hore ls¡ tberefore, a f,fel-ð at both sr¡rfeees eyÐB

thoegh tbe Yoltagns betwçetr the snrfesøs I's soro. .Âts

the voltege åaereaueeo aôdf.t1one} posttlve bopsdt ohargee

appear at the osaduetor snrfaee, the peettl,vE beusd

ehargeo on tbe çyllnùoB deereaeê Es.d, tbo spaee eherge

tnÐvas f.nrvardo [onleatLoa þy soiilsåoa e8ô tbe f.nåtla-

tfoa of poeltf.ve eoron& ôsçur at aq Í'rmtent (B) nwhga

the flel.ô et the eonêueter eurfaee f.e suffåe*e¿t3.y hlgÐ.

(lE tþe voltage fe greatly f.n @Eo€sa of the arltf"eaX'

ropo¡xa, voltageo the reslêuål" eps.ee eheæge PÊy Prsilnoe

a f1e3.ü at the ooaðuotor eurfaoe whÍoh fs sìÂf,flefont te
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oause brea,tsdowr at the fnstant of zero apnlLett vol'tage).

.C,s posLtlve oorone startee ths posltfve lone ane tþLvEn

orrtwarð and thcy nøutralf.ze the negptlve Íon spaoe olrarg3o

[be posLttve loa epaae charga ts ¡¡oet tlense neer the

sonüuetor gt¡rfaee durlng the l.atter part of positlvg

oorons (0), At the lnstant (D)r llnec of foroe begf,n

fron tJre posltlve Lon spaae clmrgs and enil oa negat$u

bot¡ndt su:rface oha,rgee on tbe oonttrotor anü oyllnûer"

At Bome tf.ne (E)¡ the flelð dlue to the oonblneô aotlon

of spaoe antl surrf,ace ohargcs reaohes a va1uO strfflclently
bfgþ for lonizatloa to oaq¡r at the eonthrotor" Sega-

tfve eoronâ then begf,ns, aad the resldtual posltlve lon

eBaoe aharge ls aeutraltzeilo ![he poiat (F)r at the

negatlvu half oyole aorrêoponüs to (C) et the posltlva

hal.f.

D¡¡fne the per!.oil (B)-(c) the lonrlzf:nr, elestroas

proooed towardl the eonùrator from ths srrrorntllag reÉono

Îhese eleetronÍt oau.se cr¡mrlatfve f.onlzatf,oa and fo¡.n

evaLanohsgo As a re$¡Lt poeÍtlve lon epaoe ohargB ie
producedl wfulch fnereaees almost exponentlally as thc

oonduoton ls approaoheôo l¡l the negatl,ve oorona pcr{.oil

(E)-(F) the lor¿lø1ng eleatronn are enltteil fron the

oonduetor surf¿oe by positlve lon bonbardment enô fl.eldt

enisslono ![hsge eleotrons are accelerated qutward

proehrotag lonlsatlon by oolllgtono Ia thls per'loil



r.4
:

(E)-(F)" the resultfag posfttvE f.on sp¿oe ehargs l,n-

Ereages nearly erponenttally wtth rËstance from the

eonductoro tshle contfnuee untlL a pofat 1e reaehed at
whfch effeetLyg süutnlatlve Íoafaat!.sn eeasogo IÞrlng

''' '; t:t_

the aôrona porlotlo the netÍon'sf the charges u&clsr the 'ì::':.r:,:ì:

fnflrlenoe of the applfetl voltage prodúaeg a souffoneat

uf ourient thet $rper!,nposes on tbe norual oapeestanss

i:,it,',:,t,',t',sherssag ouruento

flhere ebsul"d þe a dlsEletlaríty ln the wava :-,:,:,:
... i ,. 

': tl.';.t;t,:,,t.'

forua of suscoosl.vo half Gyoles cf, Erlffento St¡oå ðf.ge*

LeÍLæÍ,t¡r ae l"t oosur* tE dus partly i;+ tþe ili.f,feneaas

åa tþe f.on nobf3åtteq (Boef.tlve aÈd, negn!Í.ve)" _Ëhf.g

effect wqr¡J.d be axpeeted to þe leee pretcffimeod f6r
para}l,el w$.r"eE th,a¡r fer eo-e¡ËÍ.€Ll eylf.adero.



CEAPIER TTT

fhe eyliad,er proper (Flg. 3.1) oonsLsts of a
l4:foot length of 1o'4p i¡¡eh rntenoar. üiameter sxtn¡-
ded alunlnrrn pxpeo $re guarcle at the end.s conElst
of Z-fsot geetLons of the Í¡ane pfpee eaeh harlng a
spun aru¡nlrnrm ond berr of the sa¡ne fate¡mal throat
dlaneter attaehed, to 1t. r}¿e oyLl,ndtor proper aaü
guards Ðre sütllportect ln a pLywoorl fra¡no (not showa)
on svhlch are u,or¡nted Fexpanded netarr geree¡rs to
shls]"d. the apBaratug from stray r.aboratorxr f,ielde" Á.

blower ls nsunted at oae end,, for the parpose of erear-
ång 1oaløatton procluete frem the cyl:[.nd,er lf d,esltrad,.

lhe cåreuåt dfagran aad, ehåeLdlag e,rya¡rgegeats
ef the ssherf*g Brlctga s,re show in E[g.î^zo ,If
th,e epeeí¡uen 1e repreeented by a oapaeltqnee s* and e
ee¡?tee reslsta¡xc@ P o tben ¡¡nder balanoed eonrlftf.one

ît0¡:
fl = RU*g oô soo ocoooûc êoìo oooc ccooc r. o (}of.)-Ës

rEG ERTTEE

15
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R,
CX t t* 

4....c.c..o.c.e 
o.oc..o.ooe .oco. (5"2)

a,nrl the rllgetpatlon faetoÍ' fs
tanS s (JC4R4' o. o. o ro. o o..c....ð c e ùo. o o c (5"5)

I{owe

Itt

Cs = 105,55 ,( 10-tt faraits

endl

R4 * 2612"6 ohns

Eoe at 60 o/e the value of CO ln uforofaracls gf.ves

dlrectly the dissfpatfon faotor"

ä_5 pEË_cRTPrIOn Oq EXEFRTME}I$q

tBhe test eoncluotor sanBle ïras stnrng qncl eenteredl

fn the test aelL avrd energløed fron the ffrst stage r¡nft l

of the laboratozT hX& voltage supply. As the voltage i

msra1eed1netepsotheporverfaetorg(cntnnl.crofarails)
enrl values of R5 were reoord.etl fron the brltlge balenoso

f,lre eorrespsncllng pealc voLta6es were taken by cllreÇt reacl-

lag of the vaeurn tnrbe volt¡eeter, utll,fzing the Standarcl

CapacÍtor of ths brfclge elz'eutt as a part of a oa¡ecltor
ðfvÍiler"

EeLsw the erltf.eal dtenrptlve voltage the appltocl

rroltage was rafeed 1n verìtr snalL steps anil the brtdge ulas

baLaneed at eaeh step" llhls vras contLrn¡.ed. until the
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flret hlok l.a the pof.nten was obsercd. Tho brldge
could not be baLa¡roert properLy up to some voltage after
the ffrst klek. .åbove thfs vol.tage the porver factor
lncreased very raplcllyo Read,l¡rgs rvere eontlnued r¡¡rtfl
the crftleaL vtsr¡,aL Gorona onsret voltage wae observed,,

For sone sanaples reedlngp rr€rs ar.so taken above thle
voltageo

z" 4 ,s jtõPÏrqg_qffisqEÐ

Grolp ^0,e Stx sa!âples of ?,VoCo eovered. wtreeo

sanrtl-ee cond.Racllue r4s.Tþlqkness 0veral.L Rad

---fuñT- ffi --ffif*-
r. 0.08L5 o.,orgo 0.1L95

? 0.0815 0.0584 o"Iggg

3 0,0g15 0.0?g6 0.ï60L
4 0"0915 0"LLg2 CI.l;gq?

5 0,0815 0,1320 0.2I"g5

6 0"0815 0,L650 0.246'
Group Br Fl.ve sampl"es of bare oonduetorso

Semplqg Fo"_ tì,,M"$. Coq{s E€0.q. Increase in
Rado fron
o"og15
-î6)*

oo 0000

CI" 0210

CI..0479

.È
t

2,

5

L4

1?

3.0

( om)

0"0815

o"Lo25

a"Lzg4



SepÉe€ I{o" 4. T,.G" $g$ée__EgÉ"

(on)

o,L652

o" 205?

s

6

4

2

18

ïnereage ån
$ad" fron
0. ogts**GËT**

o, o8l7

Q"L242

Group Gs fhree samples of
Sa¡npleE " trrpg

1" Bare

2 P.V.O.
Oovered,

5 Folyethy-
lene
Covered.

#22 A,trVoGn wires,

tonct" Ð[a. ûverall

25,35

25"75

Overall Dfs,rcrfl'*
25"55

45"T5

43''9525"55

5" 5 EESf RESÜT,TS

ån Por'¡sr Faetor 0l¡araetes,S.ståess

The ?ower Faetr¡r. ffiearaetertstlee of the "TJ"1r*eo

eovered, eo¡eå'uetore (Grer¿p Â) are sholmâ. os¿ .pae;e 2F emË

tirr¡se sf Èrre bere eenår¡etors (Group E) are shom, on
pag& 26 " ff¡e data are gf.ven ån *eþuLar form ås
apoondS.x A4-tr{I} arid A4*1(2) respeetively"

l

Tlre two ests of euwes show a frl'rdsnenter. dfffe*
rsne@o Tn the f*ret eet fer eeeh eonduetor she prlnyer

faetor rern-aå¡r,e Ìnore or Lees . eoRwtant rap to a eertæ$.xa

erlt3"eal vol"tage arad, the¡n påeee ve¡ry a.u$.a}"_[y" flhf.e åe

due Èo the Sorv lsss rrocertfes of the åns:nlratåon" af,ter
t3re. eråtåeal" voJ"tage the råse fs me$"nr¡r beeaHse of the

i'1-:t.

j.-.. 
._:_
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fonlzatxon of the air near the cond.uctor srurfsoê¡

The set shows gradual fnerease in lonfzation srtth vof.-
tage" ".lhen cr¡mt¡,Lati.ve fonlzatlon starts the power

faotor rlees sharp3.y.

rhe Power Factor characteristies of the fz2 
^"woGo wires are shown on page zT. Both the ÍnsuLatecl

eonduotors have shoqm better characterlstlcs than ths
bare oneso Between the lnsurated ooaductors tlre poly-
ethylene eovered one has ghor¡nr better results. (bÌrpIan-

stion of thls 1s gÍven tn Chapter V).

2o Power loss Charactertstf.es¡
(a) Bare Conductors * r,Tlth the bare eonductor

lnsLd.ei the co-axÍal cyLlnüer the equivalent eirauf.t

&&er
Qy].fuder

Ff gure 9"3s* Equfwlent Cfrcul.t arid Veetor
Dfagram (Bare Coniluctor insf.de
Co-axiaL Gylfncler) "

anil the assoclated vector d.laf.tra¡o are shor¡nr fn figure 5o7o

fhe quantltfesÉ*,1 C" would change ïrlth voltag,e, but
they are measurabLeo Fron the vector ctiaeitpe.m,
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Power I'ogg Cos&

Coso = SlnST + valcx tanS

-2.^p = TuUCg ta"rc, = Tcd CX tan6 u¡attso."(5u4)

G¡ f.e Ltr nlerofaradso

(b) IË.th the La$rla-Èed ooncluctor laslde the Gor-

eentrie oyllnder, tbe equlvalent alrcufts are shown 1n

flgure 7"4o .å.s for the bare concluctors¡ the power losse

p = 
(T)3 c¿ **u tan6 wattg.e e s io... . ó... c '. (3"4)

P-'Þ

Outer
0yLlnder

In equetion (5"4) all the quantftles Ln the R"H"

sfde are lctorm.o For eanpLes I and 4 of Êroup A anð I
asrcl 4 of Group Be the ¡rower Losses are caLculated from

Flgure 5o4z- Equtvalent Clretrf.ts
(tns¡latetl Conductor fnslde
Co-axlal CyLindler) "
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thls equation" lfhe results are shomr 1n appendllx

44,1(4)o llhe ealeulatlons arre valLcl up to the polnt

rrlrerc we can wrd.te Cos O = S1¡$ 
= 

tan6 i,eo naarly

up to v1sr¡41 coronÊ voltageo l[he power losges are also

Blottecl agelnst KIIIP as shown on page 28o Þon the

graphs 1t ls fowrdl tJrat for fl4 wllre sf.gnlftaa¡rt lose

starts at about 19 ÍfP; but ff thlg wlre 1s las|rlaterl

wlth povooo of thlolsness Oo0?86 onc¡ the loss starts at
about 55 Í11ÌP. $re power loss charaoter{.stle of thls
Lnsulated oonductor ls even better thsn that of f8 Þare

wlre bevlttg a gtreater overa]'l cllaneter"

7" VlsuaL Corona Onset Voltage a,ncl Gratllent
0haracterl.Etice a

Ítre onset voltages for bare and lnsulated, con-

cluetors are ca].su1ated fron*

Vc = E rlln (R/ri) Kl?ooó...o¡oooc.c"'c'c't(2"4,

and

r
vc * Ecrl L¿-"#l= + rn -r"rl ßrp.ooco,(5"5)

-_{
respectlvely, uitreree

rl = l[ota]' Ratllus

r ¡e Condo RgdXus

K = Relo Permlttlvfty of P"V.C"

= 5"7

* îhls le an ertensfon of equatfon No"Alol shown 1n
apBentlf.x I and Justiflcatfon of use is glven la
Chapter IVo
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end

Ec = ¡116 er *0"p ) næ/ano.c.Òc.c".". (z.r)

(wtth n = 1)

fbe ealcuLatecl and, meagr¡.red, resrrlte arg comparedl

1n graph 5"5 oa page 29o [he ratlo of V, (measurecl) 
. 
to

VC (eaLeuLated)5.e ctefined a.8 ne It ls lntareetlng to
note that for the ba:ne conduotons m varrlecl from 0.9? to
0.958 urfth arß anerage of approrluateLy 0"95 aqtt for the

fneuLated. eonductors ft varlecl fron 0.94 to 0o95? îvlth
the sane averagee

The ealcutratlons show that for both types of wLree

the cri"tfc¿r} graillents fol.Iow equatÍon (2.5), whfeh fe
ptotted on page 3Q (qrLth & = 11 6 = 1) as a firnctf.on of
overaLl raclluso
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4.3 RÁÐTCI NOTSE HEffiR

"Radlo nolsen te radt o frequenoy enelrgp raclÍa-

ted fron eleetrfcal cguLpnent u$raIly at frequencf.es

covorlng the oonmÈrelal broacleast band" 
. 
Ït becones

ar¿ülble nolse çÊren detectecl at a radio reoeâvEr. lllbe

üegree to d¡rlsh thfe aolse f.s obJectlo¡rabl,e clenende

on the bandw1dth of the reeelver arril the response

ehare,aterletfea of the htxnan 6&Fe

In e Radfo SolEs Meter a¡¡ attenpt Ls meilc to

xn€asÌrr{r Ënuieanoe valu.eË taklng the abovg fe,atore f,nte

aeoor¡nt end gf.vlag e qunntÍ"tatåve result. the Radl'e

ffolee ffieter lsu therefsr@a a ørrperheterottyrae reselver
(iri.tbsr¡,t automatlo voh¡.ne oontrol) urftf¡ a neter v¡hlob

neamtr@e ùbe P@aka qrrad..r'p9€lkç rn8e or svGrage value

of the lntemedfate-frequsngy atage out¡ntu îhe

qr¡,aet=peek out$tt 1s detemånett hy the chergo and df.s-

oharge aonetants of tl¡o ôetester ofreultnwhleh are

eelected. to corresponil, to nr¡.tsan€s Yalue"

ïo the B€Ê,stås€neúte heree a Ferrfs uetsr
(nadÍo SoÍse ancl E[elü Strength Hetern trsdol 52*frs

3L



Serlal I[-o" 86) rru.a,s used.o uslng the
lago fn uslng the rneter f:equent

a standard, eouree ls uecesser¡r for

t2
ttquasf-peakn eett-
oallbratton w'Lth

coasisteat resultg.

Radlo Lnterferenee from eorona on insulateð
and bare eondrretors was stu,dted.r¡nder the sa¡oe Gorroen-

tråo eyllnder arr€ngemeat as rryac ueod, for power faotor
meagl¡fsmentso t[he clrsre,Ít åo represented, fa flgr¡re .

4" 1. lhe flgurg showe that hf gh voltage 
_ 
wes 

- 
eppJ.f.ed

betwee¡r the conduotor and cylÍnder, the conctuctor belng
at the hfeh poteutÍaJ.. Tn thls methoit eorona etrrrent
rather tÏ¡aa çBrv' 1s moaer¡red. Reversfng the eyllnctor

:

and eonðuetor w1th reepeet to appli.ed voLtage nlght
meke the przlse ßee,Burement probl.en eaEler. Howeveru

thet ï,as not feasLblê arnfl tbe nethod ueed was sr¡ffleLent
fon eompari.esn pü?poatsso

ftre "Rlüç meter wes uged, as a r-f ft¡necl voltneter
at I ne" (ctr:nny antensa neasurenente) a¡rd Ín. eLl the
steps the nanufaeturaree aclrree was folLswert" lFhe higb*
pass fÍ.}ter elrcuÍt was used to elfunlnate tb.e G0-eye}.e

eomponent ef, the cume¡rt w&eeo fhe dsr¡,ble-ahan¡rol
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oscfLlofrcope showed the I moo ptrLse oomponents end the

voltage $rave shapes" In accorclance wr.th tfte CanaclÍan

and. UnS. standlarcls, the l-ms charge tfnre eonstant was

used ln a1l the ueasuremeatso

4"5 Þ4MPrEq rEggEp

GroupA-Samplesl
ÊroupB-SanpJ.esl.

coniluetor

to5
to 3 a¡rd a #8 A.ïf"Go bare

havlng ilf.aneter - L5O ¡nÍlso

Æ
L., Radfo Tnfluenee Voltage Oharaeter!.stf es I

The measured. valueg of ,ltÏVc for different coït-

duetors are €Í.ven 1n taþLes ln appendlx h4-,2o It 1e

uer¿al to p]-ot f RlVf logar5"thmf.eæ1Ly agaf.nst voltage o

end thfs lxas been d.one ln geapl¡ 4"1 on page 57" Eheré

ls a dffferenee f:r. the aatr¡re of tlre c'urves for the two

eets of cond¡¡etorso Tnnedlately after Ínceptlonn the

eurves for tþe lnsu.Lated, eonduotors rlse very eharpLyÊ

t}¿en a few pealcs ooeuro lfre rf.se of the eurrres for
the bare eonduetors fs qulte graduaX-"

For the bare eoirduetors vd.thån the experfmeutaL

ral?.ge, the J, mco ånterferenee oceurred flrst at the

ne6a*lve peaks of the voltage and then also at the posf*

tllre peaks at higher voltages. For the 1n$rLated eonductors
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the reverse proeess wuìs observed"

2o Ractio [oise Ineeptlon Vo].tagp ar¿cl GratltEnt
OharaoterLstles a

llhe L nc. redlo nof,se lnoeptfon voltage a¡rd

graclfent oharaoteråetfes for both types of esaduotors

ere sholflri as a fr¡nctfon of fnerease ln ratllue (from

tbat of fl+ A,o\[oGo bars wf.re) on pege ]8 snd ]9 respec-

tlvel,y" For the lnzulatoc1 eoniluctors higher valueE of

voltages ancl gradf.ente were necestsar¡r to oa¡rs6 aoLsc

Ínceptlon" Moreover" fn each ease the gratltents.warg

fsr¡net to be a funet1on of overall radtuso For both

types sf ooncluotors they wsra s11ghtly Loss t|* thosa

glsen by Seekçe formå].a for vl"sual" etron& (Eq"?.5)"

7" Ratlåo Influenee ßraðteat CharaetertstlcE¡

Gorona ls Alreetïy relatect te ths EtreEs and

therøforer the itata for sa.npLes L and 2 et Grorap å anð

l" aeð 5 of Group B are repreßented ea page 40¡ ao Blote.

of fnfluence vol'tage agalnst strese at the ¡vf're snrfaee"

fhe ôrrrlrss for the fnen¿Iated, eonduetors show rogular

peqkso the or¡.wes for the bare soaduetoro ney be

approxf.nated. ag stre,åebt llnes ohow'ång that they fsLlsw

E Law of tha f,oræ"

RIY ta R (n*e)GÒ..ccoÈooocGâo..oúose oo(4"1)



,6

where R 1s a frrnctlon of radlfus, E 1s the onset

stross fn KV:P/cn. r (v¡hich Ís another funetlon of

radius)" and, 0 1s the applfett stress ln KIT/cno

ftrls shonrs that the rate of fnerease of lnfluence

voS.tage wftb stress f.nereases wfth the, wfre racltus"

i.:rì:..':
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GnÂ.g[EiR V

EffiLåSATTO}T OF OBSERVHD Få.CÎS åilT} DTSSUSSTOfi

5,1 FR,OPERITES OF I}TENECTR CS

Before Broaed!-ng to gi.ve any expla¡stloa o{-tbe
obserred faater lt lE neeeesarsr flrst to cllscuee some

of the propertles of dllsleotrfes End thelr behavtour

r¡ncler â¡Go fl,eldl at pourer frequanef,o In the eonce¡rtrlo

cylfnrler anr€ì!,geuent let tbE dlsleatrLa be atrr ¡,t s¡l

f,usta¿t wbsn the wlre ís at a. poef.tfve potentLel trtth

respect to the outer eyllnilore ractlel f1t¡x lfieee orf.gána-

ting from the poaLttve ab,argee on tbe aonduçtor w111

terrninate on an, equal nrmber of negatfve chargee on the

oylf.acter" Sfnoe there f.e .no flux l"l:re parallel to the

axlee there woulil be ao f,orce parallel to lt" llhe elee-

trlc flelct (norual to the surface) at any point fn betu¡ee¡¡

/"ffih
fu-*Y

FÍ.gure 5.1c- FIux Lfne ferntastfng oul
Oppoelte Ohargee (Oo-arlal
Cylfnilero)

¿$1
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the c.Tlfnders nay be n*lven by

3
E = Ç o....co.rr¡......c......f.....r.o(5"1)

r';he?eo D l."r thq fltux densLty nnil Éols the a.bsclute

permfttkity of a.fr (aø vacuum). Ð fs a,t a naxlmum

+.t tire eonituetor gurfaee anct IT wonlcl, there.iore, be

naximum there ( €,o teLng a conçttgrnt),

lÏo!ìr let us renlece the air by ,,,ur f.nsrr-l-n.ûinF Fu?.-

terfaL. Beca.use of fts ph¡'sic*rl strnettæe tlrls insul-
ati-ng .nateri:rl '..'{.L1 contain $oae electrfe ttlpoles of
.îor.'re ]ci,rrL" The eLeetríc fíeLd nroduced b¡¡ the aprLled

volta¿ge exerts forces on these df.poles ea.unln¿¡ ther¡ to
rct¿.rte .tr:að allgn thernseLves r.råth the el ecti.'ic f;leLd.o

Fi.gure 5o2¿- DLnole Orientationso



49

sew Lånes of fLr:.x are set up þetween the alf.gnod

illpoles enct termtnate on acldf.tfonal ehargee on the
aonductor and the eyl,Lad.ern îhE erectrfe frux clenefty

ea^n.nosr be v¡rf.tten ag:-

[t"t"r r-rlffiT [@ aens*f-J F d,enetry -f
f l'"**'j 

= 

Ny" ***dk*ffåg'" "d
Ð s €E * Foooc.sor{¡co.,cÞ€*o.onoÊoùoooo"(5.P}

The quam.*f.ty p j,e keorme ae the Ð-Leleetrto

TÞuLarfuatåon. rt f.s the fl"ux ctenslty adiled b¡r the
a15"gmCId úåpo3-eeo

Tn "bhe precedlng paragraphs the df.Boles were con-
eJ.d.ered, to þe *c'r;$tl.ng nhen the eLeetric rj.@ld uras appltedo

'

ffiçweverr ån reaL dåel"eetråes alL of the éf.polos may be

i.náueeå and preserit ouly when the er.eetråe ffeld. ls app-
lied," Åeeoc"d,fn$1y'e po}erånatåc¡n åe of severeL types"
Ì¡r¿t ft åe alirøaym eonvenåeret te eoneÍdEr the f.n*¡latloa
ae bef.ng fu-LL of d.åpoLee ra¡rdomÌ.y orqlenteð (due to
-i;heinnaL a€1te,t*.ar¡) under no:ru¿*ï eondltf.ons" IH.pole

srLenta-håon oeeurs render the aetåsn of a¡r apo].åecl ffel.il
end. thfs *ontånuee r:rrtål 'chey are allgned nrLth the

eLeetråe fl.eld"
Tt *.s now defån,ed'the'b

ïï * € Eo " * o o o e o @ ô å o e o Ð e 6 G o ó û Ë e o o o € o c è ô " . { 5 " 5)



ülvtôlag thror¡eh by the eleeH.o fLeld f,ntenstty E,

Q = €. + p/n trarader/neteroco..û cco.(5"5)
tshc ¡rolanløatf,oa and the e].ectrÍc ffeltl fntensity

44

where ( 1s the aþsolute permlttfvlty of tha matez{.al.o

th,ereforee

éE s érE + Por.coÒs.oao.oo..roû.ocço..r¡.(5"4)

aro usn¡aIly paralIel" henee the absolute pe:mlttlvrty
of the naterqla} le alwayo greater tlran that of free
Epeoee Arson a materlal eontal.nfag a hfgh ctensLty of
df.pol,es (espeeLeLly the polar substancee) wllL have a
hfsh ðegree ef polarlzatlon and ooasequently a largp
dteleetrf.c eonstar¡to

}lvLilång equatfon (5"5) through bV €ro

K * å rr I + p/n.coGeo..f c.üco.cÈosoor(F.5)
8-o

K ls a d*rooneloru].ese eonetaxrt anet iø d,efÍ.neet as the
re3ettve dleLeetvåE eonstaæt er relatf.ve peæ!,ttlsåty
ef the møtortal, Fnem equatåoa (5"6) lt is erl.tteat

that K fq a,].weye gpaater Èhan rrnlty"

Ía the prevf.ema treatment the fa'gu}atÍes wBB Êeü,-.

eåd,erðd te Þehava s.s & perfeet dåeteotr{,e ha¡rlng no lose.
Howevesu there Ls no slrch natertal as a uerfee! dleleatråeo

ln faet, uilren errbJeeted to alterrratfng voLtagen ln aôdt-
tloa to the normal ehergång or.errent there Ls a conduetlon
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.rr 1 ì

crærent? so that æe Ëey ¡Feplaee thr dÍeleetrdo by a
perfeat eaÍlaoltor e!¡r¡nted by a reef,etoro

ïn noEt neterr.ales howevere the dH,eleetr{,c be-
havLe¡r dlffere fisom thås elnp!.e fom elsou f,ndfcatf.ng ',,,rì;.,i,,';,

the preseaee of other sffiErces of d,f.e!.eetrâ.c logsu Åt
preeent a oomplex perrultttvtty

(.*r. I * 8é" Ëo¡oc.ooc..r..¿..ôooûrco"(F.6) t.
t.at,

and[ e coærespoattfng oomples dlf,e}eetrfe eoz¡stant

K*," g ,¡ Er * JEt.coü.osoùÊo.e..oo.,".(5o?)
e,o

are 1n'6roduced, to deserlþe the propertles of the n&t-
erler.. fllre term Ka is the rose factor. 

. rt should be

øÊro for e' perfeet dfeleetvl.o wl,th no Lsesc ftr the
basLe of É* end K€ so ilefånsê the tste,L eusrent at e
voltage Y oan be wrf,ttsn aB s*

f * Jr¡KsOgV * (gq^lKr + ôKÐ) gO%cÞor,(F.A)

vÈrere cç f,o the aaBasttar¿ee wrih a ï&eaum ûf.eleatrLco
l[?re lsss tangerut ÍE g-

tanã - ßnfçì

The Loss tangent w"Lll, ôepenð on the foLLowåag well
reeo€ni.aedl. properùteee or eooüf.tfons of ln$LT.atlon" lf
presentr

I" So¡maL oonduetf,vâty

2" BÍ,elestrÉ.o sbsorptf.on

:'.:::::



5"2 CRTTITAS GRÅDIENfS åSO VOITÂEES ::.:

Harrlng thls theorT of iltelectrd.ee in nLnil one 
':';,ì':

rlay ¡low aonsLcler a conductor of radlus 
. 
n rlth an ínsuLa-

tÍon. thlohess rl * r: ilt the Oo-axial oyl.latler 8ïrrgrrgo-

meat. tacler the aetfo¡r of the eleetrte fleLil (fgalttve)

the dlpole al.tgnnent wtLL þe ae ahowr f.n figrrre 5"5,

&6

5o .Absorbeel ¡nolsürre

4o Gaseous lon1øatlon.

However¡ in the erperlments tsnl ',lt s fe'¿r¡ít to

renaln more or lesc eonstanrt up to the RIV lneeptlon

voltage a:rd tt rrtlL be reasonable. to take K as & Gotl-

stant at least up to thLs voltage"

Itguro 5"5e- trrlux Ilnee Fro¡n þeu]gt{on
S¡¡rfaee to Cyllndor (€o-a¡lal
CylÍnelere).

A.pplylag Gausses nawo (the stæfaee lntegreL of

the flux üeasÍ.ty over a cloeed surfeee le equsl to the
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volr¡fi,e lntogral of the charge denelty oontalnecl wlthfa

that surfaee Ío€o the total charge contained therefn),

at tbe eu,rfaee of separatlon of the two dlelectries
1t nay be v¡rltten that ,*:,,

f " ao ålrru. cla = a =f i.oÉ*o. da.,ooo(5"10)

Ibom rvhLchp

s,5
Éa'r * ffifngo c c c o o. oG... o.o o ¡ o.. o ôe c o o. o (5111)

that fs" the dlreet effect of poLartzatfon 1s to lnoreasc

the fl.eld Just outside the i.nsrLatf.on K tlnes the fl,elð

Juet fnsfele. Ehe ff.eld cllstrlbutfon fn alr 1g dlatatstl

byc

v
Kfp/en" n. (4r.1)**

a¡rd that lnstde the fnsuLatlon fs g¡lven byr

v
EÍou ¡B KÍp/on, n.n(Aloz]u**

I¿ both the oases x ls the d,fetanoe fton the eentre of
the coadtuotor andl V ås the applled voLtagÞ"

If one now conetilers a bare conrluetor of radlus r*
(befng equal to the ov'erall racl1us of the lagu].ated, con-

duator) the ftelel dlstrfbr¡tfoa f.s ðete¡mtned byt

* .t &eaxls surfaeeo
*û DerLvatlone of these equatlonsr ane gfven La

appendf.x 5o

Ealr =
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DISTÆ{C!: FRo$t CU{rRE CF gm{Due' æ - (Ci.i)

GnåPE 5"1 -,}'lEIÐ DI'i,JlüjJIiEIeH * (e) B;,..ìiÌ cG\iDiE8oR
{bJ $suL'!î.jD c'.ffifi¡unui (co-:.lirai, cyüu,rD:IRS)
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cûo cÕ. óo cco cr c. c.. oo (5"12)
x (ln R/rt)

Applying equatLons (45.1) a¡d tL5.2) for the ÍnruLateô

eondhretor anê (5"12) for the bare oonùtcton the fteLd

dietr"f.btrtloae are shoqm, fn graph 5"1. Fron th9s9

equatf ons anct a.Lso from the above neatf.oned euryee it 
.

*e eyLùeut that evea lf ooron¿ or RIV lngenlf.'og gtarte
at the sane graclÍent for both types 9f oondluctors.h&v.-

lng the aame overall d,laneterso the voltage to prodhlee

that gradlent for the l¿fl¡lateil oonèuctor roultl be

hlghEr thån that for the bare eoaduotorç E¡perinesteD

howe?er¡ show that for the eampLee testeil besfûee bigber

voLtager bÍeþer gracllent le requlrecl for the tnEulgtect

con{Luotors to eauge RIV fnceptÍon (Bef,¡ Graph 4"5)"

fhfe can posËJ.b3.y be expl.aLnecl.ae fol].owut

Durfng the negatfve half of the vol.tage wave 
- 
tho

frEe eLectrong whích are always preeent ln the atmoe-

phere ûr¡e to ultra-vloleto cosnJ.c antl other racif.atto:rs

wlLL he expel-Leit from the re€fon of the oonductor anå

nrtLL not be avall-abLe for contLnnred fonfgatlon 1n this
high stress rggåon" llhe neeessar1r eleotrons, thereforee

must oome fron the oonduetor" fhe posltlve long whlch

&re accelerated by the eleotrLa fleLdl towards the wire

wilJ. colIlde lvLth gao atoms" Howeverr because the Dasa

of the gas fon ancl aton are essentially the sameo the

v
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lon Loses al,most half lts klnetlo energy in eJn elastfo*

colllslono Beeause at evet5r collls1on Lt glves uB half
the energy aoctrutretl firorn the sleotrfe fleld between eol*

l1gf.ong, the lon energy ls always qrrlte smaLl. Á,e a

resul.to the Bosttf.ve lons eeLclom aoqulre suffleient
energy to produce f.nelastLc** eolllsl.onso

Howeverr lf the voltage ls ref.sed, the posltive

Lons w111. be suffiefeatly eceeleratecl Ln the Íntense

ffeld near the oonêuotor" fhese aceeLeratedl posltlve

1o¡rs tvilL galn enough energtr to. eause second.ary omf 8-

sf,on fron the eonùuctor surf,aee" lÏre electrons

enttteð iu thls process wf.ll Gause lonizatton by eol-

Li.slon"

Elestrons nay aLEo be oroduoed by fte3.d, emf.esf.on"

Irregul.arities and. prolectlng Bolnte arê -a}ways present

o$ a conductor eurfaeen fhe hlghly éoneentr¿tei!. el"es*

troetatte f,leLds a.tor¡åd theee årregelarltfee and pro*

Jectf.ona Eray oau,Íte fleLd emfssÍon"

6 An el"astie eolli.eloa íe that for whleb the total
kfnetf.e energy of the two partlel'ee f.s the Eane after
aoLftslo¡n ae-before coll"lsÍon.

*s lpor an Laelastl.c sollÍeÍon tb,e total kfnetl'o ê$,ergy
of the eyetem Ís aot coneerseð. Hre dlff,ere¡ree f"o
the exaftatåoa or Lon1øati.on en€rgy of the bonbarded
partloleo fhat åeo KoEo (beforE eou.åslon) = KoEo
(after eoLltelon) + ExeLta.tåon or tronfsståo¿ ltrrergyo
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Both the procesrse€r of seeonôary emfssl,on and,

ffeLd e¡nåest on rrf LL ttepencl on the work-ft¡netf.on of the

surfaeeo [he hfgher the work:fi:,netf.on the greater

wor¡ld, be the flel,d necessary for the emfs.eÍonso A

possfble exp3"anatlon can be advancedr then, 1f lt fs
aesuned, that f.n$rlatfng unaterlals have hfgtrer work-

fi¡¡rotLons. ft would. then be expeetecl that the fasu-

Lated oonduotorg wouLd have hlgþer RTV lnception Bratl-

fentso

The above explanatfon mfght be sufffolent Lf
corona starte. ffrst at the negatfve half eyole" ?ossÍ.bly

thfs le the oase with the bare eonductors, beoause the

negatlve dischargee at thls half eyele easr reinfonce

the cauees of posltlve corona ln the next half cyole

lncreasing the volume of ioniøatLon, Bor the bare

eonduators the lnitla1 dfsoharges were actual"ly observedl

at the negatS.ve peatrcs.

Eowever, thts cloes not expl.afn the ctffference 1n

grad.fent reErtrrements ff oorona or ftrst burst starts at

the posltf.ve peako It le to be noted that for the f¡Ìst¡.-

lateil oonduotors the ptrlses $rere flrst observeè at the

posl.tlve peaks (see Seeo 4.4)

fn the posltfve haLf eyele¡ the electrons fomecl.

l.¡r the surroundlng space by the varLous lonlzlng radla-

l[åoas al"waye presento move towards the r¡rl.re" As the

electrons fîa{n enerry firet exeltatLon of the gps atome

,,_._'..:.tì
.- :': rl



or noleeules wfll tale prece clue to eleotroa o"rrr"r"r]J
Wfien the electrsae gpla nolne eaer€Sr they wlLl be able

to procluce lonlzatlon by eort lsLoa. ra the hi€þ flelit
regfon near the ooaduoto:¡ fterd lntenslftedt lonfaatlon
vrlLL talce plaee"

Itre start of euntrlatlne toafzatf.on ts ageoolatecl

wlth the ftrst ùurst ln tbe case of bare condluotolge

îo lnltlate the flrgt hrret ln the GaEe of lnsrr.late$

coaduotore, Bom€ other contlttfoas mrst be fulfllled.
$re f.asulatLon ÍE actfng a,s a hlgh nesletance patb rn

eerLee lvith the afr where ellght fonlzatlon nigbt have

been startedo Ia order to enable the loooely btrqnd

eharge carufens (tnside the dlelectrle) to nigrate andt

contrÍ.bute to the ooucluctf.vlty¡ the lnstl-latlon resistance
ur¡.st be deoreased. Beoause the fnguLatlon ls ln serleg

wlth af.r, the flelct strength fs low 1a lt (see Graph 5.1¡
page 48). Ilence the voltage rmret be raisect to lnorease

the fieLðo It uay be requlrecl to fncreaee the fleId, up

to the point where lonLzatlon of the alr elrtrappeit l¡.
between the eoncluotor andl 1n$¡latlon o¡l in snall cavLtfes

whtch wcn¡Ld always be preeent fnsidle the clleleotrfos*
starts" fhfe eondftion Le equalLy appLlcab].e for both

halves of the ayole" llhe:refore, ln geaetatr a hlgher
gradX.ent na¡r be requl.re<l for the lnsulateil conôuotor for
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the J.nf.tiatf.on of corona or rad,fo laterferenoec

It wae also foundl that the RIV Íaeeptfon B?ad,-

lent 1s a firnetlon of raölue for both tyoes of sonduc-

tors" thfs lndf.catee thet not onLy the naxtnnud. gai[-
lento but aLso the ellgtrLbutlon of gnadlent (whÍeh ls
a ffr¡rctfon of radtue) 1s f.nporta¡rto ft 1s tm¡e that
corona or Rf Level. f.s dete:mfnerl by both narLnr¡D glrad*

lent and. gracltent rtlstrlh¡tÍon ln the reglon of dfecharge,

but the relatloaship cayr only be exprosrred ln a ver1r

genenal nt,anner beeause of the dlffLculty ån cteternlnlng

the exact gradlent d.ÍstrLbutfon whlch erltl.eally affeets

the oorons fntenalt¡r" lhe povoco eovered. conduetors

ehowed, greater RIV lumedllately after f.neeptlon" fhf.e

ås posslþLy beeause of the dffferent gre,dlent dietr$-
butl"on ln the tu¡o eases" It ean be showl fron eq.uati.on

(Å5.1) ancl (5"L2, that Erlth ånereastng dÍ.stanee from

the eo¡rduetor eurf,ace the ggadfe¡xt faLLs mope rapitlly
for the bare eonduotors" Ttrf.s of courseu negleets the

effeet of spaee ehargesu lfhe vi,sual eorona sneet ETBd-

lents were for¡¡¡el to folLow the sane Laut (Peelcss Savr) å¡t

both cases. Bhfs $.e posslbly becauoe onee breekdlorryn

at the surfaee takes plaee, eurm¡.Lalrtve ionfsatlon cacr

proeeed trn the surroundíng regf on up to 0.3 6 wh{ch, ís

-ì:.]í.f:.3:

a reqrrireû eond.ftfon for råsu.aL eoro.na"
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5" }-sIeE rFqegnucy B¡ûcqnrro$s ;la 1' 
19

I{egattve half oycLer- From the Brevious eeetlon.

lt foLlows that r¡ncler sufflcf,ently hlgb surfaoe stressu

eleetrons !rl1l be enttted from the conduotor by secon-

dazy enlsslon or ffeLcl enlsslon, or botho Theee eleotrone

w1L1 be aoceLerated outward, a¡rtl. eause lonlsatton by

oolllgfoau produoing avaLanchea" But the oumrlatlve

effeet of the avaLanehe becomes appreeiab}e only ¡rhen

the electrons p:r.oduced have traversed several lon{zlng
free paths aw:ay fron tbe oonductor. fhfe la because

for an avalanche of n eLeEtrorlee rr, = LueúEu and tbue

n rcrlll depend on d' (fowase¿d.ts fÍrst eoofff.efEat) and

aLeo on the dÍstsncs xo Fhe sl.ectrfe f,i.eld rteeLl,ues

rapldS.y as the dåeta:eee increasee fron the eonduetor and.

the electrons ln morrLng away leave beht¡rd the¡n reletf.vely
*m¡iob1le poeftf.ve lons whoee space charg,e redueee the

fleld" thereforeo ae the avalanche reced,es, the fteldl
eaus.tng the lonfulng eleetrona weakenso the overalL

resuLt ls the produetton of a oLoud. of postttve Íons

uÈ¡ose densf.ty rlses nearl-y exllonentlalLy from the

eonduetor outward,, and thon cleoLLneÊ more gradual}yu

Retartled by thle space charge, the eleotro¡s sLow clonna

and attaeh to alr noleoules to na3ce Elow negattve lone

whLah eventnraS.ly drfft to the poslttve eyllnclero Âs
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ax aceompanfment to the lonl.ãs.tfon a consLderable nlrmber

of atoms are excLted by the eleetroag" Wlth the hlgþ

fle1ds some noleeulesr are slm¡Ltaneotrs3.y fonlaetl ar¡d

exef teôo Slr¡sh exciteil atoms enlt radlatLons. whtch are

capabLe of lonf.ølng the gas photoeleotrloaLly"

The result of posltlve loa space eharge lu *
f.umecllate lncrease fn the gradlent at the eoaduotor

er¡rfaceo Thls 1n turn cantses an lner€ase 1n the gmts*

sfo¡r current" lFbts Íncrease l"a strrface grad,f.ent eon-

tÍnues r¡ntll the Boeitlve lon space oharge moves Lnçartl

to conteet the condustoro The surface gracHent thea

d.rops conslclerabLy end Ío¿laatton atops. As thà Poel-

tlve ío¡rs mo"rro toward, the coaductor, aLL thetr eharges

&re graðualIy neutralfuael and. cluring thls Þroeess tbq

eurrent re¡¡alne ool'e .er Less co¡rstant" Wf'th tbe

eLearønee of the poslttve Lo¡r. spaee chargen the padtent

C*r¡dftf"On"s are restored,. Soç eLeetron aval,a¡eeheg Oå.n

oegu,r egaÍn"

Wobå1,lt1es of positlve ar¡cl negative lons dlffer
urtd.e3,y. Âe a re$¡l.t the perlod of lonl.aetlon le very

Ehort fn eonparison srLth thE perlod of poeltlve lon

aeutraLÍsatåoa et tho conduetor gurface" fhe pørlods

of lo¡rÍzatlon sre markect by steep prrlses !n the corona

er¡ffento
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Posltlve balf cyele":- Ilt¡Llg explalas

eaunes of pulses from the streaner dlscharges

posltive haLf cyole as follows?

96

the

at the

lúl¡en the eoncluetor fs posltive electrone Erove

at hlgb and lncreaslng veLoctty towarcl lts su¡.faoe

anrl ttlsappear thereo ås the re¡naiatag posltfve lons

move awa¡r fron the oonductor at a rElattvely slolr speott"

they forn a streamer oha¡rnel' ßbe lfnes of 
. 
foree are

coneentratecl on the very tlp of the streamern tbuc

eausÍ.ng a sharp voltage drop ahoacl" antl thereby propa,-

gatlng the growth of the dLsaharge path. lFhe clonolty

of the tonic oIsrrð traveLllng la tbe chnnnel tlp onlnot

surpÊss eertafn llnlte" Thls 1e þeoause of the. repel-

leat foree of the loag" The strea'ner thereforsr spreaða

and dle¡perseË as 1t travelso l[hig reduees the fletÊ

r¡tresg, whtoh results fn a elowfng clo¡vn Of .ehsalrel
gpowth, ar¿d ffaalÏ.y a temporary standEtlll," Ehls nakes

the greatest fldld etress at a portton of the eheanel

a lfttLe furtber baek" ll{lre presenea of the loaLe eloutl

di,stortÊ¡ the flELd et tble poÍnt, whleb eaueEs the

channeL to branoh or oontL:sue ín a e]j'gbtly ðf'ffereat

dl.reetÍon. Tbe whole procesa repeats and tbe streamer

dlecharge tbus develops {n ateps" thts nf.eht explaln.

the causes of the heavíIy pulaed natnre of the sü!ìFeÍtto
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'Fhe above explanatfon of the eauses of tþ9 hfgþ

frequeney fluêtuatlons ln eaoh oyele ûoe9 not aEeount

for tbe ef,fects of the lrpace eharges of onE half 9¡ele
on the ¡rert. .t-.D. Cobf,ne1 dtsürsseû thl.s exte¡rslIg1y 

.

andl algo en approxlnete ploture aay be seetn l¡r r![eslre¡rlæ

of eorona f¡rom açal'aaehe lonføatlonñ as gtven_ln Ghapter

If, Ftetly¡ the EÏlace eharge produced by eoroaa, f,n

oas haLf eyele f.nereases the f,le!ê etronqtq æ 1b9 .

eoniluotor durfng the f,lrst part of the ne:rt htl{ cyele.

|[!h1s eo¡rtfnuee uatl,l tt ts aeutral!.se4 by lone of optro-

elte Elæ ebleb are protluoeð aror¡ndl the eoatluetsr fn
tbe su,oceed,fns ha1f. oyeloo |Phle nlght be eoaeliler"il

es tbs €Boss effeeto After the neutraf¿s*t1"o" *
lncÌi.vådua1 prooessee as dsscrlbed earller nay tatsc plsce.

lïre pspooeeses of hfgb frequeney fluotuati.oas ðes-

erlbeå ÞeforÊ ars etrl.atly for Þare eoaduetolse Fsr tbe

l.a$¡lateü ooaüuotoreu besides thsse prooessee nùlch nay

ta'ke pLaoe 1¡r thE ELr stltsLüe the lasulatlon $æfaeeutbe

erfgta of .the prleeo nay be lnolêe the f.nen¡I'atton"



5Þ

As statedl earller there nay Þe gas-fllleð votde

or holes f.aslde thE fn$¡lstf.on. lhe slnplest node!. ls
to nepresent a hole by a oapacltanee Go ln serfee wlth
a gtep-prlae genenator 'lncl wlth CO the capaottanoe of the

Eor¡nel f,nsu].atton tn gerles $¡¿th the hole; fu parall.el

w1.11 bB the aapacl,tanoe C" of the renafntngl fnsulatLono

llJhsn tbe vold oonduota or fl¡res (1.ê" Lontzeg like a

gas tube)r a curuBnt prrlee wouldl be obtatnerl ilus to
strdôen df.sehar{r.e of Ceo Fon a void¡ lonlzat!.on o¡r

ôeÍonlsatis¿ rr'rtII take pleee at leaet 4 tlnes f.n a oyclst
henee there would, be a nlair¡un. of 4 dtscharges por eyole

per fnilxvldrial volilo8

Ff.g¡rre 5"4:- Repreoentatlon of Ïüoal
Tofd Instdle Iasulatfon"

tuIoreovero there may be volds of iltfferer¡t glzes wtrleh

ws6ld dnecharge at clltrferent valuee of the voltage nraye

g$vine a high mrmber of puLses la each eyeLe" trïhatevsr

nay be the eaueee of the pu.Lseso they w111 eontaln hlgh

freq.t¡.ency components lneluüf.ng that of J. rne"

coff
avrñif,

H-/ -T- -b

qtu
tJ 

-

:ti:.:':-::
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1. Power Faetor CharaoterietÍes¡

Up to the orltloal cllEnrptf.ve voltage the poly-

ethylene covered aoatluotor showecl a better power fg.oi

tor charaoterfstie tha,n the Brvocr covered oonductoro

Neglecttag the Loalzatlon effeet of the afr (whloh

wouLcl be verl¡ snâLl before the or"ltloal voLtage)¡ thege

can be explafaecl fro¡¡ tbe stnroture aaô aonetlttrente of
the lne$J.atlons.

Polyrrtnyl Cblorf.clu9 - It 1s fomerl by the poL¡mer-

fsatlon of, Vlnyl ChLorfule (Cn, - CEtl), eatalysEd by

benøoyl peroxide or other oxld.ee" llhe naln coastt"tu-

entÊ of povoe. whfch ls uaed for wåre eoverÍng are the

base poL¡mer (polWlnyl ohlo:r.lde or s6-po1"¡mer)r the

plaetfcLuer (trLcneeyl phosphater clfbutyl phthalate or

d.footyL phosphate) to 6'lve flexÍbtlltyr and the stabf*

Lløer to combi.ne wlth an¡¡ deeonpoefti.on products formecl

durlng the hfglr tempera.ü¡re used for mLxlng anel extnts-

f.onr or srrbsequently Ln serrrlce" hrbrtcantso cl,yese a¡rû

fl"l.Lere rnay aLso be aclded" lhe base Bollmer has the

etrtreture;

f-EfHlr,/ll
o 

Lo-o 
s o*ril*l -

HHHHElttllc-c*c-c-crtltlüLE ût H cl
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In a ttuc d1¡lensloual spaeeroJre ean represent the urole-

cule as given ln Fignre 5.5. îhe bifunetional mof.e*

cuLes of vinyl chlorlcl.e pol¡runerf ze to forn l-ong chalns,

eonsti.tutfng linear or chain poL¡rmers,

g *Þ"

0å

Figure 5"5r* Two Dimensional Repreeentation
o:fl Polyvinyl ChLoride Moleeule,

Itrom the two dinensLonaL repre€rentatfon it ls
evitlent that beeause of the cLifference Ln the siøe of
the hyclrogen ancl chlorlne atomg the hydrogen end, of the
molecule ls posJ.tive and the chloríne end ls negative,
The pol,fcri.nyl chl-orLde noJ-eeuLe Ls thus pol_ar, TÏ.nder

the aetåon of Í{,1? írocc fieS-dn the:refore, þesi.d.es cther
tyBes of polarizatlo.rre, t?re dipoLes rr¡fll Ju¡oa from one

eqrri-]-fb¡ri¡rm posi.tf-orr to another: evert¡' cyel.e 'to follov,r

Èhe aoco \¡'Jave' 'ílhÍs dipoLe ori.efrtr.r'clon f?em onê i!.í:reç-
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tlon.to ancther requfre$ enerry and- ts tlre mafn cause

of high pouer faetor of p'v"e. lnsul.atÍcn" fn addl-

tlon the varlous; additiv€fJ åleto lnc:rear¡e tìre loss

tangent and thê clieLectríe congtnrrt whieh varleçl frort

5 to 6 at 50 cpstô

?otyethyLêr1€3* Tt ÍS a chaln poL;1rme:r formecl by

the pol-¡rmerlzatÍon of ethylene gâso She charaeter of

the polSnner depends on two maLn factors - the à1|fera'4e

r¡oLeeular wel,ght a¡rd crystal-1ln:i.ty" The eleetríep'l

proper,cl.ee of polyetliylene a:re prÐ.ctleelly tnilepenðen't

of the gr¿cleo being deterrninefl by tire molecr¡'Lar stp"re-

'i;rr.r'e g

r.{

I

€$a
¡
t

ÏT

ÏT

tc*
!

TT

îr,vo Ðfmensions.l"
of Pol;fethYl"ene

Reoresentatfon
B[o].ecrrLe"

n
å

$-
I
Tf

rT
II

c
Il

ÏT

1ï

0€c
g
i

TTtl

Also ft eÍril. be reÞY'esented bYs

4* ð#

þ'íáir¡.re 5"6:-
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hon the above repreoentatloa it can be galô tha!
dug to the ey:nnetrloal oonfl.gnratlon the moleeuLe ls
lntrere¡rtly nourpolsro ffrle eharaeterr.etlc.nalces the
clleloetrl.e eonstant of, polyetbyreae (2.7) emar.Ler tbân
that of povoco Àlso, though other. ty¡ros of pora.rÍza-

tlone nay be presem,t to eone oxtelrt, the absenoe 
. 
of 

.

peroanent illpoles ehsuld gl.vo LowEr logs tangents for
Bolyethylene thaa for povoc.

[hls, theref,orer explel;ee why botter power f,aotor

sharaoteristfeg lrere obtaiaert for the poLyetbylens oov-

ereô oonduotor"

2o Ooro¡ra CharaoterLstlae¡

For the two san¡rlos havlng the same conduetor dlaneta¡r

and lasr¿latlom. tbÍ.eknesso the gradx.ent on tbe lnsr¿LatLon

surface 1a afr fs r

å*tr = rt. [1] Ë+/r + ].n -/"1 occûcc'e(Fron À,'1)

where I( le the varLablso llherefore, even ff the vL$ral

eotrone onset gmctråenË and RfV lnaeptlon gradlent are the

sa¡ne for both typos of co¡rcluctore¡ the voltage to pnotluee

these graell"ente wouLrl be d,lfferent beeause of the d,f.ffe-

renee ln the dfelectrfc constants" Fgr povoco the value



6'

of E ls about 6 
. 
and for polyetlrylene 1t ls 2o7.

Eenae for p.voco covered aonduetorE lower ooroaa

onset gradLeat na¡r be expeated anri 1t uras aelnraLly

obssrredr thouglr the ctlfferenoe was s1lelt.



qctsc$tgloss å¡rD Fu'runs ,FqmrEE

6.1 co$cruslolvs :'. -

,'; :.1:.,.:;..:

%*,ng eoncluslons are draça.fron the

erperfneatal work deso?!.bed tn thf.e thesls"

Lo 3y ooverlng a oondhtetor wtth Eong in$¿letf.oa 
,,,,,.,,.,,..,

lt ls poSslble to Operate lt at a voltage WbLOh Íe unOh 
"''"''"ì'':'

hlgber tha¡l lts crlttoal oorona oaEet voltage. .l,a.regarüo ',,',,',..

corona the effeotÍve oondluotor rqdluE le i.nereasgcl.

2n [he lnprovemeat lE $rob thet !.n faotr E.lo X1*-

lated eoncluotor ehows even better chr¡raaterLetLoa fa sotss

respectE than a þarE oonductor havlng the sane overall

cllameteru

7o ÏInûer the ooaoentrl"e oyllniler arrangement¡ the

lnsulated condh¡ctors show bettEr Power Factor Characte:l-

LstLcs than the bare ones near the cri.tlcal voltagesr the 
i,,,,,.:,:;,.,,,.,,

coronå, power LoEs befng less for the lagr¡lated aoncluetorg ,,''.'-

than f,or tbe bare ones havlag tbe sane overaLL d,la.netere. .t,i,.'lri,:,.

4u ßhe rattXo aoLse lncoptl.on gfattl.ent for the f.Rsu-

Lated eonductor 1g higher than that for a bare condhrotor

havlng the sane overaLl d,Lauetero ,,..,.,::,,:,,;

5o For the samples testect the raðlo nol.se lneep-

tt'onc''gradltrents',we-r.g-,fq11d to be a fuaotfon of the overall radlfi

6+
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of the eoncluctors (both lnstrlatecl anü bare) "

6o fhe radlo nolse tnceptlon gradl'ents for both

xypesofwlres'areellghtlyl"owerthanthogeglvenby
.,, peekre folmlrla for the crLtfoal- vL$ral eorona onset ,'.".:...1

'..t..,,.-., ,.,'I.:

gtradf.eats"

T"Ihougþthecrltlaaldlsnrptlvegradlenteöo.
not colnoLcle lvtth thoee obtalneð fron Peekcs formulae

'- :"- " ."'.- 'a

, , the çlsual oorone onEet gractfente for botb types of w'lree '')"'"'"'"

. :... .

: eonforB to Lt. ..".: ,'
8o Even tf the Vl$ra1 ooronÊ oaset gaclf.eatst arg

the salle for an fngtrlatecl anct a bare eonôuotor havf'ng

I tha sa¡ne overaLl ctl"a.neteru beeause of the effects of tngtr-

ll-atfonntheforuerruLLlrequf.reahlghervoltsgetoBro-
r duee that gractlento

g"rhougþtheradÍ'onol.sef.noeptlongpacltents¿re

sllgtrtly hfgtrer for the lnstrLated concluotoreo lnmedlate}y

after startlng, the nagrrl'tucles of theLr 1 me" raðLo f"nfIu-
'': 

"t it ii: t 

" 

':''
?*-. -.¡ Ti^^r-\ âsÁ nnrro{ tlarqlf-IV h1ftnef TffÙ¡':encevo1tages(üras1Peak)areoons1clerab1yhtgberthan

¿ : . - r' ;

,,,,,,. those for the bare concluctorso ":,.;t.,';.','

100 rnsr¡latecl and bare concluetors of the same êx-

¡; terrraL illameter ehow approxlnately eqnaL Lnterference whea

'l:,,i operatecl welL lnto the oorons. regÍ.on" 
¡ L _4Å__ i,;.,,1,

Ll" PolyethyLene oOvered conchrctors show better r:' 1. ' :i

r Poarer Faotor characterlstleg than pevoce covered conduc-
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tors havlng the se,ße overall ðLaneters s,ncl lnsulatfoa

thlekneeB€so

I,2o Sinoe the cr"i.tl.oal dlgnrptlve voltage of an

lnsulatetl r¡vlre ls mleh hlgher tha,n that of a baro crL?g

bavtng the sa,ile oonductor tl,la¡neter, the lnsulatedl wl're

nay be operated Just below lts oo¡Pona f.noeptLon vol'tage

rrtthout deterloratlon effectE andl yet stflt be at a

blgher vot tage thân the lnceBttoa voltaÍ-r,e of the

rrf.reo 
:

L3. [he abovç ftndf¡rep n.lght effeetlveìly be upað

l¡r toEtLag Laboratortos whero raüio Aoiae froË ht& YoL..

tage !s tnporta¡rto EoweYer¡ la*rLatedl sondaotors are

proÞably not feaslblo on trans¡dtpsfon llnee prlmar{'ly

beeause of ooet andl weather faotorsc

€s2 _FUTünE SFrÐIEq

fho i¡rveotigattoas regarillag the ËEf,feqtlv€nssa

of tn$¡latlons 1n lnBrovlng eororra aharaeterlstlopn wJ.11.

aot be eornpl-ete r¡nlegs so&e otber work fe dsneo. I& faete

thLs work ls lugt the first step !n a blg fieldt. R[ret

the eorona eharaoterlstLes of f¿¿$ berre wlre (raitlus ¡¡

o" 0815 em) were f,ound'" Its raillus was thsrr Lncreased by

!.nenrlatfon ln one case anð aopper f.n the otlrer easeo Ïxo,

both o&Eos tha fnerements were maüe Ln several stepc

(flnally uB to morß thag twloe the radtåus of 'ff{ wÍre)"

For every step experLmeats were d,one antl a eomparatä.vg
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strrdy qrae macle. Drrlag the parioct of experfments

the roon temperaùlre anci pressure renalnecl more or

lees eonstanto Moreoverr alL tbe experimentE were

d.oae at 60 cpa a.eo voltßger ,., . .,

Rrtr¡ro sttLdly oülldl fnvolve varLatfon of more of :'::'::':"ì:":

the paraneterse for eæ,npleo

1. Conducto:l ractf,us - sfuss other tha¡r fl4 bare
. t.: t:-

ulgbt provs lntereEtlng' ,1':r.''r"'

2o Insa1atiOn type - lngalatíons other tha,¡r P.V.C. 
,,,.';..,,:,.:

andt PolyetJryleae ntght be explored..

5, Frequenoï - Ínvestlgatlon at htsher eað lower

freqllenej,ee a¡¡d, Ð"C" of botb polarltleE eoultl be u¡ndotr-

itelceûc

4u Surfaoe concli.tå.on - the ef,feot of dr¿et oa the 
i

fneuLatf.on snrface cor¡l"cl be etnrdled. i

5. lfemBeratr¡re anð preÉrsure - the effeet of ten-

pera'cgre ærð presgtI1.e var:Latlons nlght be lnterestfngo
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OF PoY"Co

lnre sanpl-e of the povcoo Lngr¡latedl wlre wae ff.rst

ooversd wtth rrAqtraclagil a¡rd then rrtth leaù fol1. In a

seheIîtng Brtctge mea$¡reme¡ito the voltage was appllect to

the oonðuctor ancl the mea$¡rlag eleotroite of the brldge

was connocted to the leaô foll'o {lre enfls of ths EamPlG

wese properly guartleclo Several me4glÏpemeBtg wert ¡n¿dleo

stnee the norns,l praetfce ls to measure the dtelectrfe

con*¡ta¡rt at a stress of a,bout 50 V per ntt". the vElue

obtaLned at LO00 V unas talcen for usso lÍhe ealqrlatlons

are ehown bel"owo

I¡ength of the samPle o 72"5"

Coniluetor ùLa¡neter ra 0"O64'f

gveralL dia,meter É O"L26of

Inso thlelaaese,/$411 Ê OoOSItl

(Average stress = LooO v/tt mf'l = 52o2 v/811' )

R4

cxBcs
H5

'.':: '

whereø cs * tr03.55 pieofarado R4 o 2652"' ohms andl R5e

?3g olrnso .Íherefosse cl = 1,L.58 pLoofaraü per fncho

Ifcvtstheoapacltåncepermeterurl.thvaouum
or sfr as dfeleetricu then

68



Gv = W+F'
r ts the eonductor

ueterc

And

E* = 5o?

69

overall radfus¡

8o84 p$.eofarað Ber

wb.eree

rsrtlus

Rls

anil

the

€o=

cx

ry
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For oo-axf.al cyllnclers tha fteld at rcbleh vlEual
corona starts may be estlmated by uslng llorr¡rsenclûs

methodo It ls aeøumecl that vsry near the eoncluator

the gB,p f.s higbl.y lonåzedl. ftre f1ln of Íonlzatfon
(cr¿nnr}atlve) ertends up to a dÍstanoe re at wIrloh the

fleld etrength falls below the erltf,aal vatrr¡,e af 9O

Kt$en. for alr at a'tmospherÍe pregsu¡t€e fhougb

fonåsatl,on lE Breaent at Lower fleldsr 5O KVP/eu" i,e

e¡l aBproxÍnate value at whLoh cwnrlatlve.fonluatf.on

raeults Ln breakd,owro Tf E0 Le the lntenslty at

r
æ ¡-*T cû.o.poco oo ooooo.oo.o coc.ooo(.å.2"1)

TiU

Fu Eo * 5Û wvP/ew',

Et*
ri E : oaôaoê.o0aocEo.!.ooacaóêcc

,30 
o ' o ' o ê' c o ' o c b o ù 'o o ' c c c e c c c " t (l'2.2)

Over the thfn ff.l.n of Lonlzatf.on in the eoron&, envelope

the average ffeld rray be ¡ruri.tten ae
E^+50
fr* o€ óoee s ûc oe.gcec.o.ocrn. (å2o5)

the oonduetor m¡rfaee end E6 at the dfetanc€ tprr then

E** Er

$ornm,sende s fomula for bre*d.ow¡r at atnospherqf.e pressure

a,nd unlform ffeld fe

VS = 50d + L"75oùo6oeo.o.Eoê o.ooocôco..(42o4)

d æ SBF Lene$h e aIlBaH![ &l"stanee heree

?0

þ
Eo

ttlng
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Rrom eqrattoa (44"4)

ss æ 30 - ¡*# oe oùûroû.û...r.coo..e.c..û(ÂA.S)

Eguatlng gs rv¿th average ftelct and prrttfng d,c¡¡r-1'

*t,l 
" * ,0 * 1#.e.rr...oe..oû.¡..o(a,?.6)

2 rs-F

From equatlons (.ê.2o2) anrl (ea.6¡

I* 1 ïo L.35
a€ffi+}p.ot!o...Éoc.'o(42.8)

50

whleb oa slmplf.ftsatf.on ylelcts

0c

';

I
* rA + Ë oooo..c..ooÒoooo...e"oo.lo"(AArg){r

EquatLone (42.9) eoepá,res favourably wlth êeug-

tÍ.on (2'3) fg|¡r¿il, by Peek" fhe dista,nce at which the,

fleLd. dnope to the crf.tieal value of g0 ßlP./çn, ís gfven
by aqrratfon (ne.g¡ end, (&Z.Z),

30 c f + 0o5 Æ.o.ocrÐc.3ûoc¡cooe..r"o(AA.J.O)

d :e tt - f - Oo9 ffiooc..oo.ceóce..or(AZ"lf.)
n$htg ts the di.star¿ee over ¡rybieh the e1getsd.e

gradient mret exeeed, the ctåeLeetrlo strengsh of al.r 1f
eoroas f,s to þe eetabl-f shsdolt



.0,PptsÎ'IDIX fffi

a3,L_pErBaffTsar oN oF GRADIENTS WTÎE rNS[r!4lEpJErSES
nt1[pER,coNcEgTIrIc cr:r.'IEupB, 

"åRRAN@prlutf[s
In thê. followl.ng ooncentr1c arraageraent let

there be an lngulatetl wlre of overell radius 11 ailt
conûuctor radlus Fo

ft
Sú

fr¡e total eapaoitance C between the eonduetor aail ths
eyLincler nây be taken as the equlvalent of two seu{.es

capacltors C, urlth alr as df,electrla a,ynl Cg vrd.th tbe

lns¡r1atÍoa as dfeleetrfco â,t any ctfstanoe x fron the

centre of the wlre, the dffferentfal permlttance,

T*
R

T

dt$l=
where €'* É.

tlone or (
dopenclf.ng on

the naterlal

r.
B=

lft
E 

--l2rîé,Jo *.f--

dlxffi
n the absolute pemlttiwfty of the lnsula-

= (" u the ebso}¡te pe:rmfttfvlty of afre

whether one fs consfderlng the elenent lnsÍde
or ån airo &r tntegratfono

drTdx
x

11
Ft*E*

,,@#

72
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-i r'f y Ln n,/ro
=æ +æ

Stsom whlchu

z,îT
C* w We + 3n s/wr/é,,r

For an appJ.le,d voltage Ve the flux densfty at xe

tv
R æ!' = zT{ x,

A¿d. the fl.el-d.

Ð0r
__ @$*6" = €Zwx

ïto therefoneu foLLows that

ã
-afF - Çx f'-in rt tu +L *s/t

(x J.s Ln aLr)

Sinee*

?,. É ã,{H ,=e ftelatÍv'e perrn*.ttåvÍty of the materåal
-o

v
@%æ

;re ^ * *looèÕûeoo"o(Å3ol): L*-ff* 1F of,

Fårre = 
"*p5E;** 

rùo0oocÐ.'(Å5'2)
f@L g. *1 I

(x J"s Lnsfde the ínsu}atåon)

\r
rn 

ä¡*'J

$årnåLar'3-y,



APPENÐTX trV

À4.1 scHgR4Mt_BRr,ÐqE rESr DA$¡.

l"o GrouB .å. * Insr¡-latecl Sa,mples

IåBTE T

$anp).e I
Conductor Railfi¡,s e Oo08'].5 cno- T¡rso gtrfcknes$ æ OoO5B05 ernn

iFempo * 2ioc. Frese, * T7o5 cmo frgo Al.r Ðenstty Faetor r 0o9B

Votr tage R5 ç4 gX

KV? Ohns tarr 6 Ffeofaradl Remarlcs

Vol.tage R'q
KgP OhdE *fius

c.,'
PLetfarait

9"2 5500"0 0.0085 50"00 (too ¡n¿ch flrrctr¡a-19"0 549r"O 0"0090 50"0 tlon fn between
26uO 5480.0 0"01 50"01" 28 and 29"5 !fÌE)
29" 0
29"5 54?0.1- 0n0A 5O"2O50"5 5460.0 "AT5 50"15
VL"5 4500"0 0"205 6L"00 (Visua¡.)
36"t 5r20,A 0,772 Bg" 00

'SrtBffiffi Tf

$anple 2
ü'onduetor Ra¿fus - 0oOB15 fns. ffhlelsxese - 0.0584 cn" i.1.,.

fempe - 21tC" Preeso * T3o5 em" Fgo Afr Densfty ffi,etsr = OugB

Renarks

9"2 5344"7 0.00924 51"60
trgu (l 573'T "7 0.00935 5L"6229"0 5550"CI 0,010 5Lo65
51"0 5729"t 0.0L0 51"66
5L"5 (Fluetuattone)
53"0 532t"4 0.040 ãL,TA
54"5 4883.50 0'2071 56.20 (Vfsual)

?¡[



T5

8å3TrE TfI

, -,, sanpla vCondueto:p Redlug æ ooOgl5-Enl-fná,
Sempo o 24o0o Freego = ?4"4 €x[eHgo

lilhloh¡esg *
.8.1r Density

0.0?96
F¿etor

8&e

'a 0o 982
Voltage

KVP
04

tsn 6
tx

Ploofe,rad,

R5

Oh¡ns Renarks

it:

go2
lg"0
29"0
,1.0
53"Q
55"0
55.5
36.'5
5?.00
39uO

5246"t
5238"6
5224"7
5221_,2
52LT,2
52LO"T

5200.0
450000
570A,a

CI" 0090
o" oCIg2
0"0096
o" 00gg
o" 0100
0" 0L02

0"035
oo2L5
0"55

52u40
Ð2"42
52.50
52,55
52,60
52.65

52,"T9
61"00
?4" 50

(KLck)

(vls|¡al)

T&BTE TV.--_-

oocrduoror Radtue a 0oo8tBT#:urf". []¡lehess = 0ollg2
Seunpo o 234ç. Fressu - T4 emullëo Alr Ðensfty Faeton ,¡

OBo

0. gg
VoLtage

Kæ
Þ*r5

Ohns
e4

tan 6
cx

P!.aofaradt Renarke
:.:,: :,

9"2
.r9"0
290 0
510 0
95.0
55"0
17 

"O39,0
4A"5
44"0
44, CI

50CI0.0
5000.0
4998.0
4996"t
4995,0
4990.0
4985. o

4980" 0
4021;8
4020,0

0. oLCICI
CI" 0101
o,0105
0; CI1L5
o,0IL5
0.01L5
oe0Lå8

0" CI50
4"22ø',r
0.30CI9

55,00
55"00
55;05
55,08
55"X0
55"12
55e15

55;20
6E;lCI
69"15

(Klek and

(vræaï)
Flue. )



T6

rABTE Væ

$ample 5
Conduator^P.ad,iuo. = OoO815 cn. Inso fhl.eloness = 0o1l2 ono
femp" =25-Co Fregg. = T4 çß. Hgo Atr Denstty Factor = Orgg ,,,.,r

Voltage R5 Cq- Cr
tsY? Ohms tanÞ pteofaract Remarks

9n2 4942"O 0"0L01 55"60L0"0 4955"0 0"0103 55"TO29"t 492L"5 O. 0107 55" g0
74"O 4920"4 0"01L0 55"8559"ö 4915 

" 
I 0" 011t" 55 "874o"o (rtet and HLue" )4eu0 4910"0 0"03CI 55"9044.,0 4090"0 o,22?, 6?" ?0 (vleual)

48"0 4000"0 0.106 69"60

$ASTE VT

Semple 6

CondustonnRad,Íus = 0"081-5 en" Íns.Thfehress * 0"165 cmõ
Tempo= 25-0. lresso ã: 74" ,rimoHg" å.Í.r Denslff Faator = 0.98

Voltage R5 Ç4 _ 0f
Ktif 0b¡us tanb ?Íeofaraê Remarke

9.2 5000,CI 0"0100 55"00I9.0 495CI"O 0"01"00 55.00?g"a 4900,2 0"01"1,0 5'T "254.0 4800"0 0"0L14 57 "256"0 4800.0 O"0L1g 5',1"2,59"0 ¿[795"0 Ð"0LL9 57,3,
42.0
44"0 4?90"0 0"02 57"3 ..45.0 4?85" 6 0"09 5T .55
48"5 44.31"0 0"241 62"4 ì. (Vtepal)



T7

2o Grorp B * Bare Conchlctorso

#14 Bare wrre. coacruct"" f;ffiÏåS I o.oer5 em. tlempr,aloc.
Presec o V7"5 en" I[9" ß"lr Eensf.ty Factor = 0o98,

Voltage R5 04
KVP thns tan6 P[oofarad

fìl
"x

46,7
r$6"8
46"Ë5
48.1

61"0

Renar**g

902 5870.0 0000841/$,0 5860"0 O"OX.5019"0 58550CI 0,0550
2-2"4 5?00"0 0.1909
22.5
25"429.0 450000 0"5

(Eluotetf.sns]
(Vf E¡al)

NÄST¡E VTTT

#I"2 Eare Wåreo Radfus
ksss" * ?9oB cm" H'gn

Sa,nBLe 2
= O"1025 Grûo tempo
Af.r Tlenslty Þetor - 20r8o0o

= ocggl

Vo1.tage

KVP OÏ¡ne

04
tan S Renerks

nï ox
P[eofarleð

9"2
14"0
19" 0
21"t
24"O
24"5
29"0

5600.0
5590"0
5580"CI
5560.0
5430.0

5000"0

t"007?
0"0L20
0, ta10
oo0190
0014

0"5

49,00
49"lCI
49.15
49"2
50"6

55.A (Ul.s|¡al)
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ÎABTE TXæ

#10 Bare tr[Lreo
Press" s 73"3

Sa,nple 3
Radllue = 0o L294 on"
6&o ffg" Afr Density

llemp. = zOoEoCo
Iiractor * 0"98"

Foltage
8VP c tuþ6

tE
Påaofarað Remarke

R5

Oh¡ne

9"2
14" O
lg.0
2,4"O
26"0
28" t
}tr,5
54"O

5143.Q
5540"O
5336 "O,5500"0
5200"0

0" 0076
o" 0090
0" o0gg
0.0903
o.l_1,06

51"20
,r"25
51" 28
51"60
52"54

68" 40

(too mroh
Flue" )

Ylsllal
4000"0 0"5

#B Bare Irlfreo Rad.l.ue =Presg" = 73,5 er&oHgo

Sample 4
o"fåiã õm" [enp.3 ao"BPco
Afr Ðensf.ty Faetor = 0"98

VoS.tage

rgP o Ohns

tÂ
f'ai Ë

R5 cx
?f sofarail Remarks

9oâ
I9,"0
2900
5L"A
94. O

57 "O

5100;O
5100"o
5060"0

5000"0
4070" 0

o.0079
0"û080
0"0L50

0"L5
0"6

b5"6
55"6
54"0

94".6
67"0 (Vieual)

ì.f:l:::l
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Sample 5
#6 Bare Wíreo RadÍus = Oo2Q575 cm. llempo = 2OoEoCo
Pregsn = 73o3 om"Ilgo Alr Density Ïtaetor = O'98.

Yoltage R, CI_ 0f
ffif o Ohms tanb Ptcofarad Remarks

9"2 4820.0 0.0075 56"'.10
19" 0 4810" 0 0.0078 57 "',1529,0 4800"0 0.0290 56"90
7+"O 4800.0 0.045 56"0g6.a 4790"0 0.040 ,6"9
3g.o 4780.0 0.060 57 "O42"o 44oo"o o"5oo 62"1 (visual)

, 5o Gror.P C * #22 $lLres'

Samp1e L

#22 Bare l4rlreo ,Dla^meter = 25'75 mÍlo lemp. ;'13oC
Presso ='14'5 çmo Hgo Â.1r Ïensfty Faotor '= 0o9?8o

loLtage R3 C4 
- 

CX

BvP o Ohms tanã Ploofarad Remarks

4.5 ?000"0 0,oo? ?9"15
9"2 6995.0 O" Ol.0 v9"20LL"o 6980"0 0"016 ,9"22

L2"0 6970"0 0"a25 59'55
L\"Q 5960"0 O.O"l42 79"76

.,,1-4;o',i-É;'0 6000.0 0,5 45"80 (Vlsual)
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BAE!,q xrrÏ

$anple ?
(P"V.to lastrlatø& #22 Wf,re)" Conduetor Dfametgr = 25"55ynl}" 0veral.l Dl.eneter s .41"15 nlIo lEsupo*29"Co Prossoe'
74"5 oBoHSìo Af.r Ðenslty Saotor e 0o978"
VoJ"tage R5

KVP Oh¡ns

04
tsnå

qx
Pl.eofarail Re¡uerb

4"5
9"2

1100
15"0
15"CI
1?.0
lgu0
20,0
22"0

6416.0
6415"CI
6414" 0
541ä.O
6412" 0
64LO" 0
6400"CI

5000"0

o,or.00
0,0112
o.o1L4
0"0128
0"014¿$
0" 020
0.055

005

41.00
41"L0
410IL
41,12
41.15
4L"17
+r"25

52"80 (Vfsuål')

TÂ3FÆ*_TJ

t#Ez Fosyethyr.ene tnetrraæ$ff6ååulo*"r $f.amer er =^p5 o55mÍtr"" fir'ereI.l ÐÍ.a,setep o 43u55 rnl.l. temp" o 25"Qo Hpessoe
74"5 o&o lfffo "A.fr Ðensf.ty Faetor * 0.978"
Voltage R5 g4-

KfP Ohns ta¡r 5
cx

Fd.eofarad Remarke

&"5
9"2

11"o0
n5"0
15.0
17"0
19.5
eïo 5
22"5

6600"0
6600" 0
6595.O
6595.0
6585"0
6580.0

5ü00.0

0"0080
o" 0105
0"03.05
o"0Ll"0
0,oL16
o"ûx.25

0" 05

40. oo
40"00
40"1.0
40.lt
40"15
40.15

5207
(Ts.sual)
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G:roup â.

(P.V.Co I¡r,snrlatert)
Gr:oup B

(Earq)
$a,nple Sa,np1e Sa,np1e I Sample 4

KqP troEe gfp Eogs Kre l¡oss XITP

_., :1'19o 0 2"r5 1g"o 2,TA L4"O6.50 1g.0
1096 lguoO 2009"47
7.ga 29"0 9n16

âgo0
tl,0
9r"t
,5"O
,7 "A39"t

24tr"
805" 0

5""1o 2g"o6"65 51.0T,TL 53"O8"35 35"O

g"gq ?2.o -?q;6- li:o r;27,59"25 zgno 2O7 
" ,7 "t 742"10"40

97 "O 1e"0CI42.O 557 "44"O 552,
* Fon e40h

length of
sa,nple
t o00

poïyer Lossesftc ars caleu,lated for a,

I::.:.
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5" V1$reL CrLtlcal Corona VoLtages anð GraclÍentsc

fÂsI'E IE

Group A - fnsulated Condlnotors

':.'i.:::.:'
Iltgo E" Yn
lürLck- CËig|r* CãLstr- Vn

Raitlue ness/ Lated,o leted MËae-Êtso Wal"L (n*t ) (n=1) ured Value
Sa,nples (r1) oÍro FJ?/cm 

-Iffp ßfp of mo

1 0"1L95 o.O5go 5T "6 53,O 
''t,.5A 

0.,955
? o"12gg 0.0584 55"5 56"2 74,5 0"954 ,

7 0"160] 0"0?86 53.8 tg.l t7 "o 0"9474 0"Lg9T 0"1L82 51;5 44"T +2;O O. g/$0
5 A"2L75 0.1520 50.',1 46"6 44.0 O"g5' :6 0"2465 0"1.650 49.5 50.6 48.5 0"957

TÅ3TE XTTTæ

ßroup B - Bare Condrlctorg

l¡aor-
eaee l¡n & Tg

Radåus Radlu,s Ga1eu- OãLeu- Vnemo F¡eom Lateel. Lated,. MËas-
(r* ) 0.08L5 (n=1-) (n=1) ureil Value

Sa,nplea 4' cno EtrtP,/cno KVP. ßlPo of mo

'-::-:i'::: t o"og15 0.0000 65"5 26.25 25.O O"g5'.:-:'::1.:.'-1,:: ; X"*"X:: 2 0"1025 0"0210 60,0 30.10 2gn5 0"950....'.i
,, . i: 4 0.L652 0"o8l7 51"7 7g"O 37 "O 0"959''..'::.t-:t



1?t::J:t

8r

å4.? *ELy qEÞg p4u

rAqrp,rotrI

Group A - IrrsuLated Conductors
'Temperature zIoC. Þessu.re 74"5 om" Hå.

ü¡¡tple L sa¡nple 2rõTgs*îiffi ffi v#'r%fu rã+#%fu
fLv KqP l^v X¡I.P.' lev

l,ì

,1CI

2A
28
29
50
\2

5"1
39
41
44
4.7
erg

2"5
e"5
2"5
2"5

L0
60

L00
80
60
60
60
'Pf"t

8t
100

o 2.5LO A.520 2"5
70 A"5
5L"5 2"5
35 2A
34 100
36 120
58 150
40 150
4.2 100!++ 85
46 B0
4.9 8C

?"5
2.5
2"5
2.5
2.5
2."5

r.0
2-A

100
r3o
150
160
1.70
17CI
160
190
100

o ?-"5
10 2o5
20 2"'
30 2- "F40 ?-"54z 2043 3A45 1.60
46"5 Lgû
5I_ 18054 r.60

o 2.5L0 Z"sAO A"530 2"535 2"5
55,"5 10
36 30
lT "5 B059 10Õ4r. 12044 1C0
4.7 9A+q go

0
L0
20
50
55
39
40
4r
42
45
44
4.5
46
47
49
5L
54.
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TASI,E TTX
@æ

Gnorrp B - Bare Con&retors

Sa,nple I Sample 2 Sanpl.e 7 Sa¡qple 4
VoffiffifT Voffitr fíft'A-:nff îfõffi-ffiKyp ,Årv xlvp .uv KIrp ,uJr IrrP -/tv

2,"5
2"5
2"5
2"5
'r

L'
a0
25
90
55
40
45
45
50
60
65
65
?0

:. .r.: :r.l
'. _ .:. :_: -.ì._
--:.'.1.: ::) :: tl

0 2"5 0 2"5 0 20'
10 2"5 LO 2o5 10 2"5
20 2"5 20 2"5 20 2"5
2T 2,5 25 2"î 90 2"i
24 '.î 28 2"5 3l 2"5
26 r.5 28.5 7 t2 528 25 3A 20 

'4 
7"5

,o 28 V2 
'O 

76 11
,2 55 74 

'5 '8 
L8

54 42 76 40 40 2A
76 48 38 45 42 25
58 55 40 50 44 55
40 60 42 55 46 40
42 70 44 65 48 45
46 BO 49 80 50 50

rì
10
20
2L
22
24.
26
2A
50
52
54
36
58
4o
42
44
46
50
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JoDo CobÍneo Gaseous Oonùiqtors, HeGiraw-Hfll Bookffir, pp.àiz:ag"

so trrltehead' o i:î #:H*Tå'.

ey

t.Ío [fiartLn, Jro ELeetri
cdog 3

Inco o L957"

7"

6o Å...ïo Delcken, .E!

,luB"WhLteheacl, l,ea
noo.K uompanJra
1L8-L40"

8o Jaekson, tg John

Lo

2o

3"

4"

5"

9" ,r"8" Bfrkse Sodêrn Dfeleetråe Mater*al_s-o T.rond,one
ée o" Pi"g-zl

aJod, 95-LIJ.
HorÍo sk1111nø"" 

9iåî
PP' 59-6O0

Å.oH,o Tou ÏIfppele Ðleieetrle ffiatezlt"als .ånct Appllca-
tlo.ng
Anö John Wf.Ley & Sonse Inc. e L954"

.å.oRo Von llåppe1e Ðls¿egtr¿qg ltnd Bavego tüew york¡
John gS4

I"O"

11"

L2"
-:r:ll

F"WoPeeko ..Troa Ðfeleetrlc Phenomena,
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OIlo

u FFo 7-16, enil
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LTo EolVo Goldingr

B" Eague, A1ler+ating ttureat Brlfu¡e üethodso
trtdo r

L95T ¡ ÞP. 75O-7O"

15. CoPo Snyth, D[el

Pp"L81-84 anct L86-87o

BO IDCEIITCAT PAPEIRS

16. GoRo Slemon,

17" AoSr DenhoIn,

TO7 "

18" l.ÌJllo Liao, llÍ".4" Keen¡ ü¡roe Powell, RelatloashÍ
Raclto

ongf c r
Syetens ) r
400

Vol. Augnet

L9" Goï/o llrlchelr ISe tLve Potnt-|Bo-

20" ê.1[o |lrÍchel, Point-Ío-
Enl.fêo

zLo tr.B" Ioebo

D"R"
ånd

,
ù,
T6

.Ì

rl

:
.'':

; 1949, pp" 198-e04,

t
L96O' Fpo 698*

ürs'Ànd

€wr
L954, pp"1078-

Posltive



!;,:l;::-li;i:i::-:.:.¡¡ ì t:

87

22. trnBo Ïtoebt

2U" C.G. IrriLlerr l;"*"iåå;

24. l,ll.Ro Arrlno

25. lfloRn Anint

26. M'R' Amlnn

Z,l, ll.tr'llo Ï,l'aor

28,. ÀoS" Derrlrolmr

29. lllo0o Petat

10"

5L"

Oo Nf.gol' Sg #*ffi-mliil:"'l'59:"

22¡ 1951r öi" +ge-5l7"

. Ontarlo

0n

?aperr

G.K. f,anberb

72" Co AoE"

?aPer¡ L956 "
,

?oüi!

1956"
H1

o!.se

um 1956"Papert
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1956"
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,7" C'.A.oEo I]bllg, The U1tra

Tê8e

D,En .Iones" Radio Int

êYfS j

55" DoE"Joaes, And J, R" Leslle,

Faper,

Lg57 
"

Ef

ewge anuaxïr-Maroho

sts

fo
apan, 1958"

&, Hl,
L956"

74"

Lgïg"

16" Oo Nlgol And, J"G" Cassanru
lhe CoLdwater

77 " Jo Reåchnan

5F. K.f.no,
Ef¡"Jr Vot

79" CoJo Í,f1llero Jro Ma
.And Corona

Pt" rrr,

Corona DL
enonenon

es 0n

o tJnTAf].O
Ly-Septenbere

o (,lltâ,?LO

Loss Rese At
ro

Arid, J.'n" Ieslle,
Sttrdfes At The C

o ïnterfe
ol.dwater PI-oteof;
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t
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