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L WTRODUCTION

Substances sre classified in thrme genersl grouns nccording
to thelr electrical coniuctivi ty——nasaly, metsllie conductors, sewi-
conductors, and insulstors or dislecirics. A% rvom tempersinres,
matellic condnetors ususglly have p conductivity of 193 mhe tm.} or
erester. 1f the conductivity of s subsizace in leun then 1)’10 mho cm."l.
1t g olenesd sn = Aielectrle. 7Dry cellulose has s conductivity of the
order of 10718 gho an, "1 and, therefora, is tlersmed as » diglectric,

Yhe suhstnnces ia the intermediets group sre called semiocorductors.

Ho substrace i a serfect dielectric, becsuss thuse I8 rlways
2 dissi-ption of cower when & dielrctric im subjected %3 nn slactri=
cxl stress. Among the beat dislectrics from the stendpoint of lov ai-
elactric loss are mmber, mien, branaformer oil, glmws, guuriz, ~1v,
2ilk, certzin of the srathetic resins, +nd Tubhar. Dry wood, paver,
and cotton are sorevhat leas efficlent, although the lrst two find
extsnsive moslication im modera indusiry bs renson of cerinin desirable

phyaiesl and chewicn) oronerties snd thelr economic avellebility,

The aaolication of saner =3 ra fasulxting waterial is o8
old as the slectrisal industry itself. IThe sanual consumpiion of
ssner for high-woltage coble insulatlon aloie is of the order of 5000
tons. In soite of mony limitutione, dupregneted Hader has oroved 1t=
gelf by fur the surerior maiarinl for ine iazulstion of hich voltsge
cablen., The “moremanted sanur (stle usinot he rooroached in serfora-
ance by any other tyae, qnd without it the ramatkedle saxransion in

transxission mnd distribution of electric power would still be ia a



vary arinltive singe,

It hee Dnen found experimentslly $isd the dielestiric coastant
of nn Lm regnxted saver eanaot ba mecurstely eaticated fron the di-
electric constant of 1ts components. It sonears thet the imnregnsting
compounds nct as if they formed n waries rather than » dnrellel ciy-
cult with the paver. A gonmecuence is that efy .ain in ovpacity ob-
teinsble by incrseeing the dielectric constput of the Imoregnsnt is
1infited by the dislectric cosstant of the proer sheet, Any research
civing sdditlonsl inforxation as to the fmctors affecting the dislec~

tric constant of »Haper would ba of grest interest in this field.

In addition to the 5000 tons of saper used anauelly for high-
volte e cobdle insulation, rn sooroxizately esusl sumatity of cellulosie
insulrtion is amnloyed in cach of the four other {jes of fnmlntione
narely, teleshona cables, textile insulstion, »acer esprcltors, snd
reinforced ond lemineted Inwulstion dn which celluloss is used =3 the

rsinfﬂfﬁ’.n{; mﬂtﬁ!rlﬂl in tﬁ&monl;lstlc r““i,ﬂﬂ.
DEFEHITICE  OF Ta%8

Zefore “pasing to s apecific discuselon of the dielectric
sronerties of cellulose, the terms used in descriding the electrical

oraparties of u dislectric will be discussed.

Melectric Constant, ‘fhe dielectric coustant of » dialec~

trie materisl is thet nroosrty vhich dateorcines the slectrostetic
aneryy stored in ihe waterinl ser unit volune »er unlt sotentisl

srndient,
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Tleleotric Ihase Supsle. The dielectric phage ongle i the

engulny difference in vhese betvesn the sinusoldel veltege asslied to
the dislectric and the comnonant of the resul ting eurrent which has

the arne frecuenoy es the asolied voltage.

Dislectric Loss An:le. The dislectric losa sngle is the

difference Detvesn 90 eluctrical degress pnd the dlelectric vlissge
sngle. A clearer pioture of the relation of the nhame angle sud loas
sngle will be obteined by inspection of the vector dlagras in xijore

1 for =n imperfect crpzeitor stowing powar losw.

in Figure 1,
J = the voltsge spolied to the ceoaci tor,
w =2 TTx fremency,
Ep = the equivaleant ssrallel cepacitance,
‘R;? = the saulvelant narallal resisieaces,
d x the dielpetric loss an;le, nnd

© = ghe dtelectric phame nncle.

In any electricel circuit the power dissisated ds slven by the acuation



whera

¥ = the wolbnge,

I = the curreat, rnd

cos 6= tha sower fnetor, which is the cosine of tha vhrae
gl @

In Fi;ure 1, vhen € 4is lnrge and, conseguently, & As omall, 4t is found
that

tan 8§ & ® cos 6 7y (5, p ) = tan &
or the sowar fector (cos &) 4s aporoximately eausl to the loss angle
(8) in redirns. In fact, when tanSin loss than Jel, the error is
less than 0.005 4f tie oower factor is taken 2s 1 /Ry Syw. The ap-
sroximstion tan 8 = & when & i small ia so closs that, throughout

this investization, &' will be eonsidered 23 eiual to 1 /.‘Zp L, .

Nislactric lona Taotar., The dAlsleatric loss fsctor of a

uaterisl i3 the aroduct of 1ta dielectric conmtrnt and the tangeat of
1ts losz nngle. 7The powsr loss per unit yoluge of sn iasuleting
paterinl at o stnted fre-uency, volimse . radient, and tesoernture is

sroportionsl to iis dislectric loaa fector.

Malactric Jirsarth, The dislectiric strongth of « material

$3 the volinoe gradient ot which the sstericl Bresks down ~nd loeses it
iamul-tin: prooerties. 4 study of diglectric sirength wus not cerriad
out in this investigstionn, bubt o defintticn ol the term im included

me 1t iz nften confused with dlslectiric coustant.
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Leoknze Conductance. Leskage condugtance ls the recl roeal

of the volume resiatlvity ns meamurad by exaarizentsl msuns versitting

af correction for surfsacs confuctivity.
CELIULOGE A5 & NIZLTCERIO

The physicnl ead chesierl proverties of cellulose enable
1t to be used in o lurge vavietr of forws heving o resurkable renge
of dielectric oropertiss. Tor axsmole, the disleatric constent of
eellulogs in 1ts pursst fore is excertionslly high for « #olid dleleg-
tric (evproxinetely 7). 1% alseo has ohrsicsl pronertias shieh =nrble
1 1o be used in a form having o verr low dielectric coustrnt (only
slizhtle sremter than one).. Its power factor over a wide range of
frequencies is a sunll fractlom of 1 par cent, rud fts resistivity,
when well dried, is of the order of 15)13 ohm om. Its dielectric stirength
is higher then that of most dielectrics, resshing vnlues of the order
of 2.5 x 106 vol ts em”L in thin files. In addition to this resariksble
combinstion of dislectric Droperties, it has an usumusl cosdinsilon of
other shysical nnd ghemicel propertiew such as hich chamicnl atebility,
the abdility to withatand slevated taxscratures, and = hizh tenmile

atrength snd flexiblility in thin filme.

Mreet Current [ lhesonena

For cellulass, ns for wost =w1lii disleetrics, the observed
curront for s civen temner: ture =2d field fatenalt doex not rem=ina
constrnt bub Gecresses for sous tloc after the Tleld kne Leen t3lied.
It i« gosmon arnctice, iherefoia, to oxorany the conductirits of

collulosa in $srus of the enreent Doving niber t winntn of ooollestion
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of Jotentinl. Yst most of this current is aot a true lonle conductlon
eurreat sad, even zfter much longar Jeriods of apdliertion of sotential,
prost of 4t 18 revarsible. This hehavior is ressonsibvle for the faot
that under slternsting Tields zbsor-tion phenomens are dessndent unon

the Traguency.

Yhen £ »otantlszl HIlerence 13 ~pplied to o dxr aheet of
paner, the current chrnges with tlua mgeording to the ejustion
1=x83
vhare
1 = the current,
k *= » coastant,
3 = the tise after e amlication of potentisl, -nd

n=n conatent,

Some dielectrics, such aw impregusted >nper {nsuletion, show
tone desnriure from the $ = expression. 1t has not Lesa possille to
determine the current at wery soall intarvels aftar the apdlication of
voltage, But the sxponential velationshls of current rad tine indicates
that 4% rises raoidly ra § aporosches U. At ordingry tewmpersiures,
the ateady-state volue of the purrant uny be resched onl) efter gevars],

-
hours or even dsys snd ey be zs low &x YO ¢ of that observed initially.

If tha araglmen is short circulted, 1% ls found that &
curreng, known ns the dlacherging cucrent, flows in the reverss 2irag-
tion. 1If the stendy-~minte current hrs beea reached before short clr-
culting, the Jischarie current shows agacntinlly the sone veriction

with tine £a the chmrging currvente
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The decrease of currant with time is stiributed teo the build~
ing u2 of » countar e.m.f. of polarization within the Alelectric. This
solerization san.f. cen e detected by meosuring the potential differ-
ence neross the dlelectric after the sxternsl fleld has Desn reioved,
The values of the polarication e.n.f. inoreass with tine very rroid-
ly fomediemtely sftar ronlicstion of mn exierunl woliagze, tut later de-
errnge lans ranidly and aventunlly becoze constant. It hss rlao hesn
found that the imitin: »olarization e.mn.f. i3 vroportionsl to the

zoplied voltags.

Al terasting Current Fhonomens

The anommlous behsvior of solid dielsctrice in sn elicranting
T1eld was Tirst noticed in 1364 by von Siesiens, who observed ithat con-
gidertble hent wan develoded 14 certein dlelectrics when subjected to
an slternating stress. The altern:iing losses in 9olid dielectrics
sre dus almost entively to the phenomens of sbsorption, lossgs dus to
conductivity Seing very smell compared with those resulting from ths
abaoration, and thereg i¢ no avidence of lowges of other t’ses. In the
crsa of cellulons, 1% hrs been found experimentmlly thrt Uis direct
current coaductividy ia sufficiant to sccount for only sbout 1 jer

cent of the nltarssiing currsnt conducting in the dry stste.

Prom the standseint of engincering sractics, sbwor tlon i
cenersily rejresanted $n sffeat a8 » copduction nehnonenon; when sn
alterantin: strgss fe x91ie? to o dlelectric, there is » component
af current in ohags with the no0lied voltesn, This nerns zn enersy

loss in the dlelectric. In the field of cowsunication by belegrenhy



snd teleohony, tLese losses caune etienuation, Apmplng, nnd conlusion
of signxls and sneach. It is bassuss of thens onerygy losses tha$ the
uges of the oaner canecitor is excluded in high fracuency worik aud finds
its greatent use ot cownercisl oower frecuancies, although laxge
cansecitors can be serioual deteriorated at such frequencies by undis-
sipoted heat enerzy. Ia iha field of high voltage tranwmission, where
impregnatad paner Qable iz used almort axolumively, the absor-tion loss

causes herting sal danger to the 14fe of the insulrtion,
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KISTORICAL RV oW

It has not been attew tad to cover comrehensively in this
seotion the sxtensive literaturs relsting to the sleetricsl belavior
of cellnlase nud calluloss roducts both in slterneting sud direct
currant fields, but rathar to estadlish s brekgrousd for tils inves-
tizetion rnd to nccuaint the raoder In n jenercl way with resesrcheg
which heve haeen conducted in this field. I2 o grsater lasight le
desirad, ewnescially in the field of Aielectric strength, slectrical
resistance of cellulose, »nd the dielectric nroperties of verious cel-
lulose ierivatives, the resder is referred to the vers inters=atin; snd
conreheneive reviews prensred suauelly by the Comnittee on Cherlstry,

Onnfearence on Tectricel Insulsatioa of the Yationsl lesesrch Council,
PRAT P0G R T TLUOTRICAYL Ao s UARME I RTINS O PATYR

The inherant slesciricel characteristics o' » 2islectrie (mich
ng ssoer) are dlelactric atrongth, loss sngle, ielectric eoustrnt, sud
loaka e conduotunce. fentative methods of test for newer factor rad
Alalectric conetsnt of slactriesl rsterinls nre n:tlined by tie Avgri=
can Socliaty for eetin: vaterisls (1). These methods deseribe the
yorious tyoes of slectrical briiges adsuted Lo the wersurecent of the
aielactric conntant znd nowsr fector of iamlnting .oterinls, ©ud core

txin Llterzture referencea T-r pach tone o1 ciroils.

Ve luee, Comoi:ell, and Fanss (g) hnwe devised 2 scthod for
sessuria; the dlelwmetric coustant of » materinl which cannot Le mrde

to 111 ¢ carpcitor comiletely. In thelr method, two complotely



sizcibdle 1isuids ara so chosen et the dlslectiric constent of the
erteriszl under exraluction 13ee between the two veluszs for the Yinulds.
A curve 13 drawn showlng the relstion between Alalectiric conviant snd
the sercentx;e composition of the two 1lnuldas A second curve ts drawn
showlng thile relation for the liguids rntl fibrous mrterial. The iater-
sagtion zives the com oglition of that 1iquid which hsw ihe some dieleow
tric constant as the fibroum saterisl. This setlhod s annlicadla to

praar pulpe

Strangth sronertias, such rs tesr snd tonsile, sre extreamely
fmportant for insulating pepsrs, beceuse thase pepers are culte fraguently
subjected to pechanicsl stress ino thelr annlication to the spperstus
end during the use of the finlshad product. Forosity sad sbeoration
are alego lmportant oroperties, smrecislly If the pmpar product is to
he inaregnnted with oll. Tentative uethols of testing untrented opner
usad in slectricel insulation hrve heen outlined by the Amariecun
Sociaty for Testing Msterizls (3). hethods of physicel testing sre
given, »nt zn 2oioarstus is deseribed for detexuining the mumder of

conductins “mriicles per unlt pres of the nanar,

& teatntive mathod of tast for tha dimlectric strenzth of
inmlsting sectarisls =% covrercizl powsr frariencles iz outlined by the

Aaeriesn Soclety for Testing bnterials (4).
L SRIDHAT ATUTE OF CRLIVIQGE AL A DIRLIGTRIC

Kobman (5) hoz published an excellent osner deseridlng ihe

Lehiavior nf sellulosa n1 » dlelectric iu beth alteranting nut 2iract
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current fields., He made » study of the chsrge snd discharge currentsa
of n=er Alelentries with tine and showad thei thers is a reveraible
flow of currant. Kohman hrs nlao ;iven eurves for the dlelaciric
sonstant »nd powar factor varsus tenpersture for several frecusacles,
showing s low tounersture region of power factor dissersion for dry
pener and gn inerspre in cooacity with sn ineresse in temsersture or

daorenge In fresusncy.

feveral investizrtore have atudied the effect of zoleture

content on the dlelaztric oroderties oforoar.  Argue snd ¥anes (€)
mrsaurad the varistion of the dislectrie conntents of cellulosnie
rrterisls contsining voarlous amounts of ~deorbed water. 7They found

nat the dinglactrie oonatant of tie water Initislly adaorbed {4 leas
than one=ousrtar thet of liquid water, but 4% Incrensea with the snovnt
subsecuently ndsorbed uniil the dielectrie constazat soorosches {iat of
147uid water ns the wrnter content of the fiber aniroschen tho fiber

snturstion ~oint,

Wiitehrnd ond Greenfield (7) lavestigsted the dislectric
loza, dhase angle, @*nd capacitance of »rper szecimens ze relceted to
the molgture content. Thoay arrived ~t the fallowing rel=ztionshines

{s) The totsl aengeltanca varies psoroxinsisly as =n sx-
ponantial function of tiia molsturs coatsat,

(») The cmnonsnt of total renaatric capacitence sttriou-
tatle &5 nocluded water wrries dirmetly with the weter
conteat,

{c) "ha comoonent of casmel tance resulting frow Alelectrie
rhaor tlon, the tata) wower fnactor, wud the rhaorstien
coxvonent 0f dowver Tuetor »11l vary as exnonentisl
functions 9% 4 malatere sontong,.
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(d) The conduction component of powar factor varies ns zn
exnonentisl function of the wolsturs content only In
the Lowaer rui:es, Lagsepsing theresfher mora ranidly
and no lonzer in #imple relmtion.

resafisld (Z) Tound thet Aried cebla nuper shows g regular

decrense in dlelectrle abeor-tion with o decresse in molsture. Hque-
tions sre descrided for cxlewl:ting from disleetric weamiracents
amell smounts of molsturs ghsorbed. Gresafiald has slso glven curves
of owsr feetor nat esopelty for differnat deriofs nf drving {(the
pressurs beinz decressed from 760 wx, to 0.2%5 mu. in five stepn),

showing a reqmlay decrease in dover fretor sad ensacity st 100° ¢,

sg the Spying mrassure is relnced,

Epge, Hemhill, rnd Emdlcott (3}, im meicing electricsl
neasurements on opoer, mountad test elactroles with proer in ~lnce
in ~ dosiceator nnd 2ried tha wample for 15 hours at 100% o 2nd a3
n areasure of 153‘3 mite OF asrcurye Ak tha ead of the Arcing veriod,
thoroughly dried alr wee sdritled rud slectricel sexgnremsnls were
pnde % the tesnsroture dronsed.  Ther Tound o dacrese in sowder
frator r.8 th.e tocoarsdure decrsesat. It 15 claimed by jerton (ZL_O_)
thaf, for teomoertfires oo lov s Go? Cey DEpEr Cen be drougnt to a
stite of comnlete drynesa Ly girculstion of air et stmogspheric Hrase
sure. TFsductlon of srassure, although it nceclerates ihe process,
dons not chunge the f£inal electricel proderiles of the rerer. White-
hoad pnd reenfiold (11) studied the relrtion of the dislectric nrooe
sriies of seonr to tesveraturs sad found thrt, over tre range of 209
to 1007 0., thers 1z 1ittle cheage in the reagurad dielegtric coantant

or in the georstric ddelectric constant of dry moer. uithlin the
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usaer yange of temnersture, s slizht decresse in thems valuss wes ob-
sorved, which ther stiributed to n decrerse in the deasity caused Dy

thermusl expansion of the dlelectric.
PHZE TLARCTIICAL HUSISTANGE OF CRLILLOSE

Mclesn and Kohman (12) orsssated datn showin; the dependence
of spparsnt dlrect-current conductivity unon the molsture content of
praer, the otential ;radient, #ad the tine of applicstion of potantisl.
At molisture codiantn Below 1 yer esat, # stesdy decresse ln curreat
with time occurs; st 1 to 3 -er cent molsturas, the Initiel decrezse is
followed by 2 strong increese in sopnrent conduetivity with tize znd
voltuge. At molaturs contsats zbove J per c¢ent, curreat was found to

dmcranse with tiue.

In studying the desendence of the conductivity of dry osper
on temasraiura snd voltsge, Mur-hy mnd Nclesn (13) found that for dry
saner the logarithm of rasistivity [alls sharply with incressing
tamrarsture. Thess suthors =lso stated that, in Ar-ing 2aser for re-
sistance measursuents, the water svolved comes in psrt from the evadoers-
tion of sdsorbad wnter nad in orrt from thermal decmnoaition of the

NEI2le

Sevarg snd Stwmn (14) found thet log (1/R) increases lineere
1y with the cereentege of unisture un to the fider szturstion noint,
Barond the fiver asturction noint, log (1/R) chenges 1itile with the
percente s of poleture. Weldusnn (}_ﬁ) faund & hiysterssis of molsturs

#nd reslstance for sscending 2ol descending humidities,
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BLELECTRIC STRAMT O CRLILLOUE

Although 2 study of dlelectiric streagih was not included
in this investigntion, sever:1 intevesting polnte hnve haen noticed

i1 rending the literotiure of ihis field.

“hitehard (1&) Found from sccelsrated voltssze tine tests on
imoregnsted veoer thnt the &0-evele braskdown voltnse decresze? with
increpsing tirickness of severs) lavera nf serer tape {(zbmit 28 ar cent
on inereawing the thickness from 3 to 8 mille), The decresss in 1ife
win pooroximztal, WS ser cant. Power Tactor s dlelectric loss de-
crensed with Sacrernalag thicknesz of snqer tpre, the former by 30 aer
cent »nd the lrtter by 200 »er gont over the range of thickasse studiad,
PUE WFEUCY OF CERTALN IRPURIPIGS OW TH% DIGLKCTRIC LuO2ARYISS GF
CHLIULOGE

Vozal (1]) discussed soverzl sraperties of codle puner end
eomdenser »aver which influence delsciric behovior, aunddsseribad test
methods for shysiosl strength, oil abeoration, nower frotor, sud breske
down strenzth. In studien of sower foactor zs » function of ta&aurature.
a2 shera brank in sower fnctor was foundt for wost orpars abeve 759 O, |
fhie incresse was shown to devend to a large extont uson the sregence
of elactrolytic impuritiess, Thene lmpurities were found to deersnse

the rete of drrins consideradly,

The reaultan of sorstion axserinments oerried sut by Jinwr.
Kermteln, :at #laizer (18) coufirm the hypothaesis it the oilesoluble

orgsaie relds of low noleculer welsht wilch canve arizad ineresam 1in
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sower fretor of fumresa-ted seover sre atroagl. sorbed b the ornoer,
Hih colecilor wel,th selde dove ne elFect -0l roe and onrbel,

Shanglin (3._2) arotuaed =a Inirorovent i e Tasul-tlon of 'k viliege
crtlen by wewniag the onner witr oeor weter rad roooin; th g residusd
#8r hy trorlmend «ith cnrbep Jdoxifte.  Tie fourovesant s desonstended
by curves siowdng the results of sowsr faetor testa. telesn (Z0)

found thet oomt af the rall ent Y Lo ronoved from Snmdsting faoer only
by extreotion with {lvin relds sich »a Q.01 £ hyiracilorie nefd,

Lraning with ¢85311ad wsger plone 18 not salfflicieng.

According to Mnck {71}, the uxe of chlortde-contemlnateld
ar~pr In fine coll wladlize $2 40 Ve svalded. A aundemer mds of
wary rnosely emtezianted wilh 003 sar csut of » ehloriie Cellagd
in sbont 1.5 hours andar sxs.osersbed cowditizns of L oreeaed diysst-
curreat vnltage, sae wnfe of arcer oountedalng .08 aer eenl ol o lorides
feiled tn £ hours, ~n” ons ~ilh 0 ser ceat Triled - fher 74 nnaps,
It ver abserved thet thne 2%t of condensnr osier L0 withatend sr-
soeure tn Mot wne Tejendent sna the shgeines ol colde or seld splin,
Iy wan Y3 fonud $Ho4 dhe fnaul- tiam resiatence »ion looaire? 9y aniee

ture, &1, 0H, Y, nma? au3 fo0as frop trw eooking =ud nlerehlng sroceeses,

end My rasizetes from rouin aizin,

o L T 2 18 (.-:”} hag dovigs? 2o sleattne-rin, {etrotrolinl sig
woesse, Tamolos ol L origianl kreft, orsfea oalp, ouls tozen hafore
Eir oeorar noehine, sat Lh Lialsied eoer vers fested, Faalghants
were arsasred fron tha olectro~ssghel 2zeolem rav Whe odegtrlenl snd

pachanigel romwmrtlizg dotetnlueds I8 wes tound trob the bent oouipisor

anapr st peodvee? Y7 elaetroewsandag o Plop S Dertln, rocent.
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™5 DIMLERIC PROPERTISS OF Rl DY-HATED CHILULOLE &UD LY VARIGUS
CARLLULGAT DENIVATIYIS

Hartahorn »nd Rushton (23) Alamissel coporchensivelr tha di-
glectric behnrvior of cellulose seabsis cnd goprered it with thet of
Maver. Their work was cnafined &5 cellulose seetsta with = 2 ner cend
vower factor. Abwarition of weler from the »inosobare incressed the
aower factor; it also fncrensed with increasing frecuency sa’ decresnsed
with the tampérs:mm. Tha dielectric nronerties of cellophane huve baen
resorted by Stoops (g&). He slso studied = semple of slmost pure
cellulose triscetate and found thet the chsage in composition over
celloohsne (oura celluloss) lowerasd the dislegtric constent nesrly 50
per cent. Hill {25) hxs given power factor versus fretuency curves
for celloohpne, celluloxze acetrte, rad celluloss nitrste, snd found
thet cellulose nitrote hed » higher pover factor st the lowver fre-
suencles thsn sither cellulons acetszts or cellophens. He suggested
the noseibility of sesling safety ;less by nept develaped directly
By high fresuency lesses in tne cellulose mnterizl. Osmobell {20)
redorted r vrlua of 6,7 for ths dielectric constrat of regenrrsted

celiulone,



PRESAHTATION R 200AL 2M

The mzin purpase of this investirstion was to develon p
sultable amerstus snd techniques for detersmining the dislectrie con-

atent and loas sugle of npoer gsnnles in the dry state.

The main Sanburss of the sadarctus werg to incinde (1) &
test cadacitor with gpunrd ring couteined in » c¢hsshsr geonhle of
avacuntion to very low oressures far drying ths oooer saule; (%) »n
electrode arrrugament wieredy the electrodes cen be srourated in
¥uoue to naruit dreing of the spovre aapole snd cea then he drowgdit toe
gether for tekin: electrical memsursments, znd (3) = sultsable bridge
srrovgevent ad suxilisry soorratus for wmessuring the dislectric con-

stent end lows angle of asver samnlns,

The techalcuns to be develoned included (1) 2 wmethod of nre~
sering test sneclmens; (2) a techai-ue Cor drying the ssecimana to
constant electricel sroperties; rad (3) mathods for makdng such wens=
vrenenterg thickness of the apscimen snd slectrode ssparstion ns re~

guired for the comoutrtion of dielectric constent and losm snsle.

Hooryse 18 is AL0Micdt to resroduce nocurately (e density
nf & handghieet, 14 wan desired to cnov the Junctioasl relstlonship
Baduween Jonwdt pat the dlelzetric eonsirat pud loss sagle %0 thad
gpuoleg conild he corrsated B2 aroce siondsrd dsnalts for sursosss of
eomanrison. Parthersore, becpase - o inrial such 28 pnoer csunot be
meda to £111 completely # arallel lxta test cepaclior, it was
nacesart $9 Aervnlon & selisfactory thoory Jor tin interpzetotion of

tie mesnurad Alolectrie constant (ud losy zagle ol (he tedd cspecitor,
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APPARATUS USHD

The cirailt uted for the determin-tion of enilvalant narxllel
crmcltance end lown rnsle of » test ceoacitor using orper za r dlelee-
tric wes the conjusete Schering brid;e, incoraoreting the desireble
featurss of the .egner ground, pe dsscribed in the A.5.T.¥. strndsrds
on tests far aowar factor snd dielectric constent (1). AJS.T0. dew-

erites this circuit ns followse:

#eee this bridge ia ronlicedble for #1) frecuencies from 25
creles ner second us to 1 wegecyele par saecond. Ky and Ry ireferring
to Miure T of the srticle] shall be identicel resietor units of »
tyne orecticrlly “ree from cedeelitrnce, with resistazace of the order
of 10,000 ohma for use pt frequencies of 1) kilocycles ner second nnd
lena; 1000-ohw unites mzr be used {or fra- encles of the order of 1
megscrele per second if the caoeclty of the source werranta. The sir
capacitor, 3, is used to nroduce e nositive rending for Oy end Cp »lone
1g in the circuit; 1t should be no lrrger than is necesapry for this

rnoRe .t

The clreult used is esszantirlly thet shovn in Pliure 7 of the
Aot Tolt, atrnderd (;_._), uging the 10,000~ohm resistors for frecuencles
of 10 kilocyoles sec.”t and less, excast thet the Lridge shielding was
extended to inclule the lends to tie bridge detector nnd the filxed
esnacitor Uy wonedfled By A.G5.To e wre reoluced by » varishble sir
enopeltor. The bridge circult «1th the changes sientloned 4s ahown in
Flgure 2, the heavy lines representing the dridge circult end the 1ight

lines the shielding. In the following section, the individuzl bridge






elesents =nd suxiliary spoaratuz uxed will be discussed.
THT OSGILILOR

All messurements of dielectric coustent rnd loss angle in
this investigzetion were mede at 1000 cycles sec.”} by using s Jenersl
Badio sudio oacillator Type 213-B to sunsly the imput voltage to the
brisge. The sudio oscillator is contsined in the shield box A, shown
in Pigure 3. A 6~volt lend storage battery was used 20 energlze the
oncillrtor, »nd the sltarn-ting volinge of H.2 volts munilied dy the
low voltzze terminels of the sudlo oscillator wes found sufficient to

ognerate the Yridge at » sntizfactory sansitivity,
THY ISOLADION TRAMSFORETR

The outhut of thae audiso oselllstor energizes the nrimsry
winding of & 1 to .5 turns rotio, shielded isolstina trsnsformer
shown &t 8 in ¥lgure 3. The tronsformer woe aznufactured by the

Thordarson Cowany sccording to the following epecificntions:

Primery coil - 50 ohms impedence 2t 50 cveles aem."i.

Secondery 004l - aprroxiuw tely 1000 ohms Imisdzace.

Marns ratic = rooroximately 1 to H.5.

Roth primery snd ascondary colls 4ndividuslly shielded.
Haximm croncity betwaen windiags »nd shielda ~ 20 mmfds,
¥pximam cromeity between srields - 30 mufds,.

Maximam c=nacity betwesa windings - 30 mafds.

Somolete tranmforzmer to be mounted on nickel slloy steol,
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The secondsrv windin:s of the isolrtion transformer sre colie

ducted to the bridge Box O (see Pi-ure 3).

"ha caanaction hetween tha fhdividunl hridge units contrined
13 shin)d boxan was nzde by ¥o. 30 snmmeled concer wire led through
1/7-11ch covrer shield tubaa. Night sngle banda anl joints were m-ds
¢ soldering the ehield tudbea $5 sr:)) aooaner eonnesting hoxes. To
nold the sondueting wirss concsatric with the shleld tubes, nolystyrene
nlugs wers cemented to the ends of the shield tubes inside the con-
nectin: boxes =nd the wire pulled taut through small holes drilled in
the center of the nluzs. The shield tubes »nd coanectin, boxes rre

“lainly seen in Tlgure 3.
EHECLIE A1 CRUsCIPIYy QUUS . ANPS OF WHY, ISOLATION TRan3fUHVER

The bridge srranzesent shown in #igure 4 wes used to check

the canscitive constants of the isnlation transformer.
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Flzure 4
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The following circult constunts wars used in the dridge ar—
rengesant of Mazure M3

S =1000 cycles sec.”l sudio oscilltor

8y = Genernl Hedio Tvoe 2hG-L caimelitor

Co = Genersl Raddo Iy3e 722=D arecision ennacitor

€3 = 0~00-mufd. vrrisble alr ceomcltor

Ly = isodlation trensformer

R = 10,000 ohms

2 = hendphone detector

The verious crnacitive constents of the leolation trans-
former were determined by the method of subatitution agsinst the pre-

oision crnacitor 0, The rosults are given in Tedle I.

P X

CAPACITIVY QOUGTAMIS OF THY IROLATION TRANSFINMER

Capscity batwaen windings negligible
Croucity of seamdery to shield LY wmafds.
Cropalty of “wrimnry to shield 240 umfds.

Ororcity Detween windings with shield flowting 74 mxfds.

Capncity hetwesn shields 65 mufis,

3y tne use of the ismolstion treasformer with the low conacity
Between windinge, the bridge 1e slectrostoticrily shiclded from its
inmut, 2 aecessrry condition far setiafactory cperstion, incidentslly
siving the dridge flexidility in thet $t con Be onersted br sources of

alternsting valtn: e uneymmetriesl with reenect %o round notsutisl.



T
SONSTRUGTIUH OF TH: Balndn BCX

The dridge box, shown st C ia Ploure 3, contsins the Ysgaer
ground conunecting, menucitors -‘31; end 23. and the resistors . Atten-
tion is called to the drawing of the elsctriecsl circuit of the hridge

(Maure 2) for ideatifying the varinus circult olementre,

A bottom wiew of the bridge box is slhown in Fl.are . The
two 100~mm?d, varizble cir casmcitors 2‘5 and Cp, the metched sair of
resistors 55 el Be, and the H-ohnm potentiometer §7 comrize the
Yagner ground slements and sre contrined in tha lower shield snmonrt-
nent shown 4n M oure %, The errcltors -9'5 #nd 85 are sumortad by coly-
atyrens Doats sscurad to the fov drpel. Thesa ceineltore ere adjustsd
b7 lovers shove the nenel throw:h =olystyrene rods counled $5 tha rotors

of ihe enasaltors,

Sy and 5, (Figure 5) are shields for the matchied resistors
Ry and Hy, raspectively (Figurs 7). A1l shielding is srounded rs =
prrt of the metal bridge box excent 53 snd 5) (Figurs 5) which =re
shieldn for the 100-umfd. varisrble air cappcitors _(33 exd Oy, respective-
1y (7izure 2). fThis shielding is fastensd to nolystyrens nosts which
suonort canncitors 9—3 end Ch, =2ad so remnias sleetricelly insul-ial
from the zrmund., Tha rotora af the cnaaeitors 37_3 and 3‘4 are comnactind
1o thelr rawsucilve shinlde _‘::13 znl 5o The common Dofat of ¢raeation

to shiolds 33 md §j, and resistors A3 and Y, i led throngh eondutt

'y
o
2o

{(Fiaure 5) to the bridge dstector «ad cowmtituteg nolnt X 1n Maure

As the crpmcitor Gl is the oalv eleuent in the bridse box

whoss setting capenrw in the anuntinm for § (Zouation 2, nnge 9@), it i»
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Figure §

Bottom View of the Bridge Box




i
(%

edjusted accurately by = vernier disl connected to its rotor by =
anlystyrene rod. The canseitor 9_3 is adjusted by s knodb connected to

its rotor hy & nolyetyrene rod.

he wiring of the egaer ground conneciion, ze well ne the
wiring to ¢ancllneg Q; snd O, wos mads idte hesvy fo give the Hnrts
ed4ad machenicn) rigldity. The rotors of epch esnroltor were zdjusted
to turn smoothly, “ecrvase 4t weg found thnt trarslent effects caused
by sticking rotors asriously interfered with the nrecise adjustment

of the hridge.

Inolentite-dnaulnted nir conacitors a2ud nolystyrene insule~

tinn werr ghoaen to keep losars $0 a minioum.

Conduits 3 (Figure ) lead to the lsolxtion trensformser I
(Figure 2), and condults C rad D leed to cepscitors & aad G,y res—

pectively (Figuras ).
Checking of the Matched Tesistors

The 10,000~obn mrtohed »airs of resistors §3. Ry, »nd hey Rg
{M ure 2) vere chacked with p Jenerrl liadio imnsdence hridge Pyne 550-4
end found to have negligible distributed inductsnce :nd croscity, end

s resiateance close to 10,000 obus,

It is imvortant to the orrrstion of the bridge theat the four
rasistors be vrired. A check an the resisteonce prtching wes odt~ined
with the ‘theatstone bridge arrsngement siown in Plgure 6, using two
decrde resiotonce doxes R, sad fy, ¢ -dr of mntohed vesiztors Hy snd

Lge »nd r sensitive gelvsnometer 3.
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Mzgure 6

In tsking dets, ﬁa was held constzut over two resdinzs for s
n8ir. The second resding wee obtained with the resiators nt R, »nd Ry

interchanzed. The results given im Tsble [Xwere obtzined.

TABLE I

CHECEIHG OF LATCERD RESISTOKS

o&s n‘ﬂ. R B
990.0  989.7 g By
930.0 990.0 25 B
990.0 990.0 By B,
990.0 989.8 M 3

At bridge balance,

R, Ry = By By

=ud, for the nrir of resistors _}’55 end g,
R, _155 = Ry Bge #nd

By By = B! Rge

Ei(Rg = Vﬁh/ﬁb’ = 1939.7/990.0' = 0.9998.

Then,



-

Similarly,
248 = FpfRy' = 939.8/930.0 = 0.9999.

The resistors thien Hair to =bsut one part in 10,000.
Cslibrstion of the Laszeltor G

The shield 3, and connections to the cnoacltor Gy were opened,
and tha crorcitor wrn calibrsted in olsce In the ceatrrl “ridge hox
(Figure 6). The circult srrsncement shown in Pisure 7 woe endloved

in the eslibration.

T
|

2 B A [V
Rl

e e =

Plgure 7

In Mgure 7, 0), reprssents the cepacitor to be crlibrated,
g, the Ganersl Hedio Tyie 7200 precision caoscitor, »nd g' suell etray
es)zoltances, The Umaeral f:dfo imnedance bridge Tyoe 650~A i8 repre-
sented by B, snd the Genersl Ardio smdlifier Type Hli~A by A with its
outout voltweter V. The imoedance bridge used has an iatsriel source
of e.m.f. nt 1000 cvelas see."'l. snd, bence, the calibretion of Ji was
grde 24 this frecuency. The folloving orocedure—i.e., the astnof of

substitution-mx unaf,

rirsy, the bridge wes halsnced s3 indiceted by ¥ with the

switch 5 onen :nd the precision croncltor set st some value £y With
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the unknown caprcitor set st sime velue )y, the switch S wes closed
snd balence azain obtained by adjustment of the prscision expseltor
to # value C,'. Then,

Sy vEy =L Sy
By varying the dial setting of the unknown to obirin a velue 4,

Sy = (' = 8y) = a(Ca -5

Aecause in the hridze equntion used for the comnutation of
§ (see ma_uon 2, naze 5&’ only AQ), 18 of interest, absolute values
of the capacitance {) sre not necesssry. (hanges in Ly only shift the
calibriiion curve to the right or left. The dete given in Tedlae Il
wera obtained for the crlibration of the canncitor Oy st 1000 cycles

| §.1+] --1 . ;

TABL® II1

DALIBRATION DATA MK CAPMCITOR Gl

Ca Gat Diel Lyt
waldn. mﬁgds . liending ;‘mmn?
499,.8 381.6 100.0 118.2

389.5 90.0 110.3
02,0 80.0 §7.8
INEI ) 70.0 85.7
44,8 60.0 74.3
436.5 50.0 63.3
¥.7.0 40.0 50,8
usg,.6 30.0 .z
470.6 £0.0 29.2
482.0 10.0 17.8
426.8 0.0 13.0

‘‘ne dats given in Toble III rre Dlotted in Flgure 8. From
this erlibrstion curve, 14 is found thet, for dial rendings between

30.G snd 10.0,
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a L) = AMal Hending {109 - 18)/(90 = 10) =afisl Repdingx1.ll,
PR ROPERLEQE CRAALTTON AND WU, PRECISIQN SATASITOR

The refarence croncitor & (Pigure 2) is o 0~1500-mmfd.
Genernl Rrdio Tyae CUE-L varizble air cepecitor. The figure of merit

g-ie et 1000 cyeles sec.”l,

RwE? given by the unnafacturer is .06 x 1
Jecsuse 9_1 serves as » refarence canpcitor, 1ts c»libration need not
be known rnd it 48 nocsssrry only thet 1t huve low electricrl lomaes
end & casncitance range comisreble with thet of cmsecitor Co (sse

G

?"Q”“rﬂ T’)o

The ahield box for csvacitor Cy le¢ shown at D in Pizure 3.
The canacitor Oy is adjusted by o knod outside the shield connected to

the rotor reducing zear by & o0lyetyrene rod.

The preciuioa enpacitor Cp (Fizure 2) 1w o '‘eneral %rdlo
Type 702D srecisien ceowcitor. This ceywreltor is wilt in two sections,
the hish section having » termianxl crprelitance of 100 to 1100 wmfds,
+nd the low section & terminsl asorcitence of 25 to 110 mufdn. The
high section only wis used in this work. #As the sbeolute v:lues of the
eanpclitor _0_2 sre roquired in the computstion of the lose angle pud _QP
(sse Zountion 1 »nd 2, vage gh), 1t is necesssry that U~ be a croacitor
of known calibrntion snd low elmctricsl losses. The terminsl cspscli-
tonce of Us of the high sectina, as resd by the instrument drum snd
diel, is gurranteed to * 1 mpfd. mccurscy, nnd differences cza be reed
tn »¢ least 0.1 mofd. 7The figure of meorit _Ij;wga for ench section st
1000 cyelwms mc."l is gilven by the menufncturer s bstter thsn D.04 x

10’3‘2 and 1s aporoximetely constsnt with settling.
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The shield box for esomcitor Cp 14 shown st X in ¥iure 3.
The nrasclitor Sy 49 sdJusted Wy s xaob ontsida the ghi»1d box connected
to the roter worm drive hy » olystyrens rod. Deum »nd dlel resdings
of‘ge are ohserved through » scresned window cut &n the tos of th-

s:ield dox,

Tha rotors of ceomcitors G »md O, are conaected to o conner
lining insidae thelr wooden crsas., 3Begatse the rolors zrs st Zround
aotentisl only =¢ bhridze balsnce, =ny undue leskngze to the ground de
avolded by etending the canacitors on slssa nlstes inside the shield

boxes.
P BRIDUL BALARCE IKII0LCR

A three-singe, bstiery-ooserzted, vacuum tude srplifier with
an 2lterneting current out-ut voltmeter wns ugzed 2w o aull indicsntor
for balezncing the dridge. In arder ¢ eliminate the difficulties in-
hereat in alternstiag~current avarazted, high gsia =nifiers, ths ¢ ne
145-4 vacuum tube waw selected for anch stage Decnuss of 1ts low dlrect~

current filament volinge znd Ligh senlificetion fsctor,

The clrenit dipgran for the ammlifier de given in Plgure G;
the circult constonts =re ns followss

B = 0.75=megohr totentiomater ysin control
Rp = 0.25 megohms

Ry = 0.6 megohns

Ry =1 megohm

& = 0.0} =td,

Er = 0,02 ntd.

L3 =1 mfd.

¥ = 0-2-volt slternnting current outmut voltueter, 20,000
ohms resistasnce
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The amplifior, bstterles, =nd output moter are contsined in
the shield Yox ¥ shown in Fisnre 3. The 144 of the shield box is hE I
vided wiih 3 Aoreened windew for vieving the outiut zeter. The campli-
fier 1w psaexmbled on ¢ metsl chassis ~nd srovided with interstags

-shielding, 3Bacause the input terminals of the amplifier sre ot ground

potentisl only when the bridge is correctly balanced, it e necessary
to insul:zte »11 comnonent parts of the smplifier from the ground. To
inaure this the smplifier chsssls, batteries, ~nd outyut meter mra

supported on & gleas plate inside the shield. The jlazs nlate in turn

rests on auonge rubber pads inside the shield to reduce microphonic

effecta.
Measursment of the Voltage Usin of the Amplifier

The voltage gain of the amplifier was determined by the
following method. The low voltrge outnut of the 1000 cycles sec. 1
sudio oscillstor, Genersl Radio Tyre 213~B, wes shunted by & S=megohm

snd # 50C-ohm resistor in series ss shown in Figure 10.

(&

1600 Cycles Sec'

A 2 Mcqohms B 500 ohmse ¢

Figure 10

The potentinl drop from A %o € viu 4.2 volis wad that from 3

to 9_ was 1.1 x 10”7 volt., foints jg' and L were connected t» the in-ut
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0of the amolifiasr, sn® the outrut signsl voltsge was observed with a
cathode rey oseillogranh. To celibrate the osclllogravk, 1ta . ain
control was sdjusted ts sive s ressonrble signel smolitude with the
oscillogrash faput conngcted to noints & and 3, and the amplitude of
the sigzaal wes zensured on the fluorescent acrsen. The oscillogranh
swees circuit was not used, giving the signel the sonearance of =
verticel etraight line, ¥ithout ehanging the gein setting, the os-
e{llozranh vea connacted to the mwolifiesr outout (the smolifier input
being cnanected to points 3 2nd O, 2nd the slginl amplitude was ag=ln
uessured, Knowing the potentinl difference 4 to B and 5 %0 $, it is
nosnidle to comoute the voltege gmin of the raplifier by sesuning the
Tenzth of the verticel line on the fluorescent screen to he »roportion~

¢l %0 imiressed siznsl volteges nt 2kell amnlitudes,

The maximum voltage gsin obtained for the amplifier with ita
outout mater didconnmcted was 1.8 2 1 1‘; it wos B.5 x 2‘.0‘3 with the out-

mit netzr connected,

Using the various apoulifier circuit constants end sesuming
amrll hypotheticnl wvarirtions in voltage on the onntrol ;rid, =
theoreticsl voltrge gain, ¥, for the given conditions =s caleulzted
from R.C.A. dnta (27) 4s 110. In n resistonce counled smplificr such
ss that under discuesion, the loed lmvedzuce of the tube i 2ooroxinste~
1y ssusl to the resiatence of the ulnte resistor &n orrsllel with the
5rid resistor of the followin: atage. If En is tha nlete resistor nnd
Bg 3 the grid resistor in the following sirge, the uctusl voltrge gsin
per stage wav be written ss (B /(R, + Eg)) @, vhers 8 i the theoretical

woltegegelin for the tubsuniler the given conditions of onerstlon,
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Theoreticslly (3isregerding £11 other losses), the factor
k= g‘/(gp * Bg) for the first two stages should be 1/1.6 = 3.63. Ia
the l1sat stege, the value for k is unfavorably swell. ihareaz the
plete resistor i3 600,000 ohzs, the imnedance of the voltueter is only
20,000 ohms., The gain of the l=st stage, thersfore, is 0.0%73 u. Con~
sidering the grin of the lest atage na 0.0323 u, k = 045 for the first
two stnzes ns caloulrted from the maximum gain of 8.5 x 103 obtained
far the muplifier with the outiut metar consectad. It would seem that
thy diffarsnce hetwaen this fuctor (0.45) and the theorsticrl one (0.63)
could be accounted for by lorses nad imnroser choice from the fude

menusl of tne theorsticel mmplificatina factor.

SHETOHAS 3) AN S,

Two high lmnedance srielded switehes 5 =nd S, (Fi;ure 2) nre
reculred. Switch 5y is shown at G and 3, &t il in Pigurs 3. Owitch

5y was coumiructed as shown in Plgure 1ll.

m
Y o
\_n
>

£ L
O =
Sl T
' Flgure 11

Switch __‘5 18 contsined in the l=inch cubde conmer connsciing

box 4 in Figure 1l. Two wells 3, and Bp wers drilied in # slabd of



...5"'

‘~-

insul=ting polystyrene C. Ia wvell :3-1' e contnoot wire wes simitted
through » sxell hole in the 2ol/styrene »u' sarled in rlece with
nolystyrene cement. A machine sorew wns fastened through ths bottom

of wall 3., serving the murnose of & ground contact and holdiag the
. anlystyrans aled tn the adnaacting box. Hoth vells were filled with

s dron of maroury to esrve st cantact points with ceross mexder I, wiich
wrs soldered tn a short length of clock soring X. ¥or the switeh Sne
the cross menber 1) 1s coniected to the suplifier wad well 31 is con~
nected to the comnon jolnt A (Pipure 2). When the solratyrene batton
J in danrensad, the amnlifler 1a connscted $0 the ground; vhen Jressure
on the hutton is relacged, the clooc goring restores contact of the

zuolifier to the cosmon nofat A (Figure 2).
THE PEGT CASALITOR

The test erpacitor consists of un woper slectrods 4, 2 lower
alectrode 3, rad guard ring $ shown in the top snd side views in the
draving (Plzure 17). fThe three slectrodes were mmchined from 1/l-inch

dross dlate to the dimeusions shown in Figure 12,

The pusrd ring wes cut eway at the top surfrce to nzrrow the
effective radial width to U.068 inch. 7This was done to decrease the
canecitance of the guerd ring to the usper electrode. 7The rasson for
80 doing i dimcussed under the equlvrlent alectrical circult of the
bridge. A.3.T.H. (1) states eupiricslly that the radiel width of the
suard ring should not be less then five tines the sepuration of the
electrodes. The suerd ring width, therafore, allows the accurntis test—

ing of samples un %o 0.0l4 Sach in thickness. Holes wera 3rilled and



Figure 12

Top and Side Views of the Test Canacitor
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tapned st 60-degres intarvala around the guurd ring to scoommodats set
sorews D. Swnll slots about 1/U inch deep and 3/1€ inch wide wsre cut
into the janer verishery of the guard ring st the set screws to sllow
for a recsonmdle thickness of suyarting dielsetric between the set

sgraws «nd the lower elactrode.

The lower slectrode end puerd ring were held coplanar againgt

2 niece of nlete plees ond wexed 1a Dlece at the dack prevaratory to
the grinding oserstion. %o avold distorsing the eurfaces of the elec~
trodes from n true plens, ns usuelly heoess &n adopting ordinsry
griading methoda, the lowar electrode-guerd ring combluation nad the
uwiner electrods ware ground smooth nnd nlzne on en opticidl Jig by the
Kigas Oatiesl Comoeny, A nleton, uisconsin. The polished electrodes
wers given s 1ight ~lrtinum »lating by e msthod outlined in the Chiemi-
onl ¥ormulary (28). The finished electrodes were buffed lightly with

white rouge.

To nsgenble the guard ring znd lower elsctrode, both were
ladd with the polished surface dowa on z plece of Nlate zloss and
centered by inserting emall mice strinas solit to about 0.003 iach in
tha clearance Detwean tha suard ring :nd lower electirode. Tha slots
% were prcced with several thicknesses of mies strins ond the two
elactrodes firmly clemped to tar glmes olate. ZTha set screws D were
then uaiforaly tighteaed to wmeinteian centering betwean the two eleo~
troden. The mics siecers inserted in the susrd ring cleesrance for
rcentering were revoved caé the two slectrodes testsd with - steel

atraight edge ageinet o strons 114t to weke sure ithoy wvere coplanar,.
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The guard ring ¢lesrence was mnede a9 lorge a3 0.003 inch $o
avold the difficulties exneciences in waintaining good insulztion when
annller clesranceg wera tried, One lnyer of mice 0.00% iach thick
could hnve been used zs3 insul-tion breivesn the ast rcrews end the
lower teamt electrode, omitting the slots Z. This wae tried It it
did not orove successfil. The slots decressa the affectivearss of the
zuard ring snwewhat, Mt the correction ia considered nezligidlc bacause
the aren cut out by the slots 42 small 2s comosred with the totsl
pffactive svep of the susrd rving. The resistsuce Getweea the usrd
ring and lower olectrnde onteined Br the une of aeversl thicknesass of
mice suonorting dielectric is of the order of 109 ohma. This registange
is not high when compared with 004 ineulntion resistance but 1t is
large when comnered with the bdridye fwnedsnce of 1‘3“ ohus 6 the zround,
and thus no disturbznce of the bridge sanaitivity is to be expected

cloze to the baslsace noint,
THA PRET CFArGRR 20D SEINLD

The shialded test chawder in shown ot I dn Ploure 3, /nd »
drawing showing detnile 18 xiven in Figure 13, The bage nlate A
(Pigure 13) wers of heawy brags nlste nnd was fastened to the ahisld
box B by pillare C. Hnlf~inch lioles ware drilled in the banre plute
over lsad-in seals D aoldered tn the brae date. The lead-in naels
wars aawad-off snda of prides~2 tyre metsl veouun tubes, vhilch versg
foun? «ntisfector; frow ‘e atend-oint of veenon tightness =nd high
dislsotric melity, Oomectinn wrn made to the 1o f=in geel Dy ine
ferting » tinned 1900 of no. 27 eonver wirs through the hole lu the

base nlmte, bolding 1t ririnst the ahort wies lerding thrau the Llass
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Figure 13

The Test Chamber and Shield
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to metal senl. An elsotric current was passed through the leop to
fusa tha solder for sttaching the 1099 to the lead-in wire. Counec=
tions were made from the looons to the‘ua;mr electrode ¥ 2nd lower
clectrode ¥ of the test croacitor, which was supsorted on Zleas pillars
G to insulote it from the ahield. The muard ring H 18 grounded direct-

1y to the dese plate.

The copner fingar 1 contalns the enld Sunction of the
thermoeouple (seo section on Hanting the Test Chamber sad Measurement

of Temnerature).

The to electrode i of the test canacitor is ralsed srnd
lowered from the srner ssmole J by silk threads hooked to the metal
bellows K. The top electrode is in & raised position when the sample
is being dried and is lowered vhen electrical measursments are to De
tazen. The bellows is 1~1/8 iaches long by 1-7/8 inches in dismeter,
and is closed gt both ends by soldering the top nnd bottom to two
brass plates. Four guide rods L with stop nuts et the exds lixit the
extension of the hellows to zboat 1/% inch. %he bellows &8 connected
to the vacuum aystem by # copner tube X, which serves »lso 2% ¢ mechan—

fenl supnort.

A bell cover H, resting on n rubber gesket O, sncloses the
tent chunbar. The test cheuber ia conuected %o the vacuun sy stem

through metrl tubing ile

The tos snd one side of the shield box 3 ave removsidle, #0

that the bell cover c¢en bo reised »nd » new senxsle 311d iato olece.
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The shield boxes for the various bridge units were intercon-
nected by » web of wires, avolding os auch ne possible the crestion of
inductive looos. The central point of the web wee conascted to & low

resiateance ground.
IRG VACUUM SYLTEM

Yacoum im produced in the test chexber sad bellows by the use
of a Lenco Hyvao pump. The vacuum control system, mouated on the
wooden supnort, is shown in Figure 14, fThe control system is connscted
to the vaeuum wump by hose A, which leeds to ¢ trap to catch any oil
that ury be thrown back by the oump. 3Stopcock 3 and the Pirsal gege
L ere in the vacuum line lemding to the test chismber. The indiceting
meter for the Pirani gage is shown =% J in Plgure 3. In most cases, a
aressurs 9f less than 1 micron of mercury, s indicated by the ’irsni
Zege, could be meinteined in the test chember. Stoncocks D end & end
wonoreter ¥ are used tn control the bellows system. Stoncock X is
connected to the nitrogen purifying system (_gg_g the gection of Aitrogen

Purifying System) 2y a rubber hose.

At the Degluning of » test run, stopcock ¥ is clowed snd
stoococks 4 »nd I onened. Thus, voth the Dellows ~ud test chuzber sra
evacurted, snl the wiier test slaotrode is in o raised nosition for
drring the sprole. In order to lower the uiper test alectrode to nake
& pepsuresent snd st the ssme tine continually evacuznte the tast cham=

bar, stopeock U 1e clomed snd X crrefully opened to =duit nitrogen from
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Figure 14

Vacuum Control System and Heating System
for the Test Chamber
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the arifying syetem to the bellows, A4 faw centimeters' oressure of
nitrogen, 63 Indlceted by the mrnomster, 13 sufflcient to exiend the
bellows, In order tn reise the wimer test alectrode »fter = mexfure~
mant snd to continue drving the saonle, the bellows is eveocurted by
closin; stopcock ¥ snd ogening D.  Aftar » mimute or so, stopcock 3

is oreard »nd mumping hezine sorin on the test ChLEDer.

MNushing the Yest chsomber with nltrogen conteined in tie
ballows crx be rcocomnlliabed by ovening atopesck 2 without firsti clesing

3.
L el
FOATLSG THD TOST GUABTR LU FUALIE RND OF TR TL R

The anleld 1 (Figurexs 3 -~ 14) conteining the test chamber
i3 heated by wesns of radistion from two 150=-watit ‘enersl ilectric
srojector spotlishts showa =t G in Fiigt;re 1k, To inecresse absorotion
of the radintion, one side «nd top of the shield box I were psinted a
Aull DPlack. ith both srotlijhts close to the shield box sné an full,
r temsersture of 70° ., could be maintsined ensily in the test chsaber.
Tenverstures lower than 70° C. were obtaiued by rheostats in series

with the swntlishte,

The temseratnre inside the test chruber won noasured by a2
chromel-rluxel thermocousle srstem. The nold Jjunction is contrined in
a sovaer flager soldered into the Szue of the text chamber ->nd axe
tending inside thae tezl chrober clone to the test c-uneltor (_I_. Flgure
13)s The kot junctina is sstntoined ut 200° C. on the boiling wrter

beth # (¥igure 14}, Jhe thervoclectrie current 13 neceured by = Leston
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gelvenometer LHO shown st Jd (Figure 11). To reduce ths theramselesiric
current to the range of the zelvsnometer, » 250-oha resistor 1z used

in ’saries with the gelvsnometer.

Cslidration dsts for the thermocouple are ziven in Tadle IV,

and the calidration curve is nlotted in Mgure 15,

TABLE IV
CALIBHATIOR DATA FOR THYL CHRUMFL-ALUMEL THZRMOGOUILE

(Hot junction maintsined »t 100% C.)

i sorting
3.7 5.7
33.0 9.5
45,5 15.0
51.5 20.0
72.0 26.0
82.5 30.5
93.0 35.0

101.0 38.5
110.0 43.0
120.0 47.0
130.% 51.0

HETROGZH SURIVYING EYSTIM

Hitrogen gas from the ¢ -linder X (Figure 3) nesses through
the reducing valve L to the nurifier ¥, which contains zn electricslly

hestad cooper element to ramove tracas of oxygen. The purifier ¥ is &
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Figare 13
Galidration Churd for Chromel=ilurel Therméetuple
(Mos Jusetion melatained ot 200" ¢.)
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modified Kendsll tube described by Saveys and Ordal (29). The use of
oxyzen~free nitrogen for flushing the tert chawbnr aliminated thae
2088151148y of oxidizing the teat s=emole while flushing ¢ elevated
tamonyatures. Hitrogen lauving the urifier H passes through the trap
¥ to orotect the mrifier in crae 0il should ba sucked brek from the
oil bubbler O when the raducing wslve I snd the hesting element of the
rarifisr are tutrned off. The purified nitrogan 1s oassed through 4ry-
ing tudes P filled in order with anhydrone, phosphorue, pentoxide, and
£less wool. The anhydrone wccomplishes the nreliminsry drring =a
phosnhorus pentoxide the fias) drying. Uloss wool in the lzst tude
sarves rs o dust catcher to remove uprticles of deslccant wiich nsy Be
mechenically cerried by the gas stresem. The gea leaving the 1net of
the three tubes is drawn into the tent chamber throngh the ;3 inlet
E (¥izure 14). ‘he flow of nitrogen throwk the purifying anduratus
i3 regulsted Ly the reducing valve L (#izurs 3) by observing the bdubdbler
O when 00 gns is heing drawn into the syatem; the bubbler bypnsnes the

nitrozen to the atmosnhere.

Phosvhorus osntoxide is an officient desinannt for une in the
final drying. The 2ertisl “rasmra of vater venor lenving the qurifier
should be lower then 1.9 x 1072 millimetara of meroury ss cslouluted

from date glven in the Internstionsl Uritical Tebles (30).
SEPARATION DALE

In calenlsting the dielectric constant nnd loss sngle, 1t is
ngcessnry to know the senrration of the Dletas 4 st the center of the

test canmcitor when the snmple &9 sincad betwesn the test electrodes,
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To do this, the sanarstion yeze shown in Mgure 16 wee constructed.

A elrenler ddsl of slats glasa A (Fiqure 16) asual in arer
to the test electrodes, » brse Jlote 8, wnd » lever § were cul Irom a
sleee of nolished “late gluma 5/1G inch thick. 4Whe Jess 3isk cad
lever were cerafully checksd for flctusss sgrinet the buse nlrte nad
against sn opticnd 126 by obuerving interference satierns sroduced
vhen the clenned aurfeces wars olnced toosnther. The filerun sige 2
of the lever wee round scusre, #28 & nillimetsr scrle wez cexentad to
the sides of the laver. The laver ia held firmly in nosition oy »
nivat Z. A weneltive level ¥ rests ou one end st the center sf the
disk A, »nd other end pivols in n ground Ae:ression in the lever
moridng a known ¢latance from the fulerum. 4 rod 4 af znown distigter
slides Datwesn the lever rnd Bese olnte. The hean Alets rests om o

buse bozrd I orovided with throe levelln; scraws e

To measure the sewmretion 4, =11 the gloss oprte rre first
earefully cleanad with « feno chemols lesthor 40 remove s11  rit snd
forelzn rrilcles nnd the instrument leveled by sdJustmant of secrsws 1
with = lo= on the diak eruxl $o the totsl wel ht on the 2nuale ia tue
test erpscltor. The seunle 42 ulekly rewoved from the test casneitor,
plreod Benesth Adsk A, »nd the level roturned to it initinl aosition
By rdjustiuant of rod Lo Jo Aiffieulty wes exoerienced breonuse of hygro-
exsansive chonges In thie arsole on treasferriag it from the 2rv con=
@itions in the test clumder 4 tha stoog here, rovided the mrraurssment
of & wra condeted before coekle dsvelosed. ihe develonnnnt of cookle
ghves rlae to erretdc 4 v lues, wideh srv weasitive o the lordlug on

1iek io
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The separztion 4 is computed g Tollows:

a = dintance of level to fulcrum (1.10 om.) . diameter of rod
= distance of rod to fulcrus

The level ¥ will indicate a2 deflection of 1 nimute nor scrle
Qivision. Assuming sadjustwents of the lavel to a tenth of z dlvieion

vo3sibls, the sensitivity S is

$ = (1.10)/(10 x 60 x 57.3) = 3.2 x 1077 om.
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THEORSILICAL GnNSTNEKRATIGHS

THE S U IVALNT LG UEIcA SIRCLDT O D BTG R

The equivalent alectrieal circult of the bridge is siven in
Tgure 17. Becsuse 5. Eos #nd gﬂ sre not sorfect canacitors free of
dselactric losn, they nre repressented in Pigure 17 by »n 4derl
c.»p;:cumcé in serallel with & high rosistunce. g_p' reoresents the
cnorcitencs of the .usard ring to the uorer test electrode of the ceapacl-
tor C.. gﬂ ' comes into lsy only shen the test croncitor C is in the

circuit. The eculveleant oersllel resiatonce of 3p‘ is large se com=

oaresd with Bg, snd hence its recinrocsl is neglected.

In order o reduce the croncitance p_p' to & minimum, the ef-
fective suzrd ring aren wan raduced zs deserided on psge 37. Cspacitors
ae lerge »9 100 mmfds. were chosen for _(35 snd _0_6 in the Ypguer ground
to comreasnte for the sdded crnpcitrnce .(?.p' . Yhis is an Amportant nolint
in the selection of aniteble capacitors for the “sgner ground, =nd
AdSoteMe (1) 4w in error in stating thet 25 and Ug need be two or three
slrte=tyre ceorcitors of such » renge that thelr (opnosite) extreme

positions will eover sny uabplanced or stray cezoscitsnces between the

shields #n? the messuring circult,
PHOGENSY, Y0 OWATHING By A § oF Thr ST CAPAUITOR

With the test cmwcitorgp {¥izure ?) out of ths circuit by
turning switch ﬁz to the shield, the bridge is bdalenced by successive
nd justnents of 9_;, »na Q}‘. rlterantiag with adjuntments of the <sgner

ground (the letter tein; with 8y to ground ). “hen the Sridge detector
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Figure 17
the Bridge

Equivelent Electrical Circuit of




D shows comdlete balsuce with the switch Hy im elther position, the
rerdings of O, end ) ore recorded. itk the switch Sp turned so that
the test croncitor 5_:_9 ia in the circult, new balsnce velues of G snd
Sy nre obtained. From the four velues thus sscured, the scuivelent
ssrrllel cnomcltence snd loss angle of the test capacltor are calcu-

1xted from the following aporoximstion formulas ;iven hy A.5.7.x. (Q:

Lp = Lp = E3's and (1)
§+ = (Zafcy) 2ng By (&) - Gy)/0'%, (2
where
L, = the auivalent narrllel cunacitance of the test canmcitor,

in mufds, .

EP'” the cunacitance of the voriable eir ceanscitor in narallel
" with the test cmpmcitor when the latter is in the clrcult,
1“ mfdg..

= the cajmcltance of the varizble air cspscitor shen hslence
has hean restored after the test capscitor hre been 2le-
counscted from the circuit, in mufdes.,

,\’n

Oy'= the ceoncitnnce of the eapeeitor L)y vhen the test cenacitor
18 in the circult, in amfds,,

= he cnoncltance of the capzcltor Gy when the tast anoecitor
18 out of the circulit, ia nxfds,, and

143

the frecuency in sycles sec.”t,

le
H

s £ 4o 8ll the rssant work wss 1000 cycles sec.nl. By =
10,000 ohms, snd ss Ll = 4 Diel fending x 1.4 see onge 28), zouation
? 49 used in the form
§ = (8fg,) x 2 x 1070 x AT Keudlag x 1,24
= (zalg,) ADtAL Ferdtug x 7.16 5 107, (3)
Ax Z» and Qp esn be mensured $0 £% lenat a nrecision of

1 sert in 1000, the grectest source of srror in the comoutation of &

* A.3.TM.'e notetion tan Kp has been rsileced by 5,
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14an in the exnression (Qh‘- £, 1t wsw shiova by s specisl exoeri-
ment thst velnes of § wers indeisndent of the arbitrsry Co, end it is
advantsgeous, therefore, tn choose Cn nx amell as noanlble to uake

(Zy' = 8y) 53 lnrge as possidle. In iimotlon 3, A Dial Remding ves ob-
teined by the dirference of ths menns of ten resdinge of Cp' -=nd G,

In genersl, for dry ppoer samdles 4 Disl leeding is of the order of 10

to 1% units with & nrobmbls error of * 0.1 unit for L) =nd Gt.
trrors Involved iz the lse of ihe Apnroximatisn Formulas

ASoToe (1) glves the following exact forwulas for celeu-

1nting ten Sp nnd G

ga (1 + ten 7 ton &)

Ep * T 7 tan 7yl tn (55 + 7 = 73 - 8p', and ()

tan £y = (1 + 8p/0,) tan (8 + 7! = i) = St tentoeyd (5)
whare

tan §»' = 1/wCs' R,' = loss sngls of Gp at first setting,

ten §2 = 1/uls B, = lows angle of $o at mecond setting,

ton 7y = w0y Hy, and

tan A = WO Hye

A8 oreviously stnted, 2o 222 = 004 x 10—-12

gt 1000 cycles
aec."" for the cunscitor _Qa. whors R is the equiveisnt series resistence.
As Rw gg»a is zorvoximstely constent with setting,

ten §2! = 1wl Ret = EwB'2/E) = 0.08 x 10‘12122-

and -1
ton 8y = 1 w0, Ky = ROUF/G, = 0,08 x 207/,

At 1000 oycles sa:.‘l-
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tan /y =8y By & 2mx 1000 1 oy = 628 &y x 101,
ten Ayt =wg ! R o= 2x 1000 x 1% x Sy = 628 Gt x 107,

Assuming the ususl vsluas of 160,0 anmfds. for gz'. 500.0
wafds, for QZ’;' .Y snfds, for g_;.,‘. rnd 10,0 mafds. for 0, then st
1000 ;:yclem gnce L by the sosroximetion formules

_t_}_p = 350,0 mnfis.

€ =1.,00 x 1073 radiona,
end By the sxrot foruules

£p = L500.0 {1 *+ .02 x 167%)/(1 + 1.06 x 1079)]

~ 150.0 = 350.0 mmfds.
tan 8, = 1 +150.0/350.0) 7.82 x 104 - 150,02 2.7 x 107
30,0 = 1.1 x 1073 - 1.19 x 1% e 1,00 2 2073,
vhere

tan7), * 6.78 x 1072,
tan ./u' = 1’03 X 10"‘.
tsn '/2,’. = (0,30 x 10‘“, snd

tam /0 = £.70 x 10

The closeness of zgreessnt of & and tan 5‘@ i3 rether sur-
pristng 1n view of the fact that ton 8,9 nnd tan Jp are of the smnue
ordnr of mnzaitude. Howaver, if the very nod soiroxizztion Q_p -

Sp = Co' is substituted in Zruation §, =nd slwo the sporoximstion ten 8 =
8 for € swall, it i= found thut ters 1/@,@; rad Oyt [iy" o€y 85
ceacel, beceusa the flgurs of rerit ia:g:' for crpucllor Co 18 23ovoxi-
artely indensntent of sctling. Honece, tind, is naaroxinstely in-

Geaendent of trnd,,
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Ia genersl, tha tead asrole dows ant complatel s Fill the teat
eunpeitor Besousas of 1oe-1 Ei R 20088 or zonee dn the shent or becrune
of cockle; therafore, the dlelecirie conntent -<nt lows sule of the in-
gomoletely FI1lad test covseitor sa c2ledeted from Dridge wor gurenenin
will be engaallsily A fferont frop ton coteel Heleebric ansatrnd pad

Losa sncle 60f the #ramnle,

et 1% e meyvmed tiot 2 owmrallel olzte cosseltar wwith ¢ 8)nd
af 2ielsctric wioss thicknans 3 s Teww thew the wederetion of ke

pletan d ne wove ig Piurs 13,

|

Tt //E/“/////////////

Pigure 18

Astuslly, fa srnctice She esmole will unt seaprite the electrodae sulte
arellel, tut the eorrgction L% azAigiht e Lor smell =n.les of devistion
Trom worellelism, The sotantis) ¥ Debwera Lho nlates I9 2lvean By

Z = 4T (fj’.‘:'f';' » l;ﬂf(‘a_«-ﬁ), {c)
dhare KV 1s tio dlelectrls conatent of e alely ond s the olurpa
daayitr sar unlt nre- on the clantrotssg, Se

o= 20 X2 (72
where & 1 the »ror of Wir lover teat alectrode rnd .g,;, ig the erweldbance

of he fnenzoletely flllad es reltar. So-bialag “untlons ¢ oad 7,
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. A
By = TS i(?“;_ﬂfm in e.8.4. (2)

Knowing Qp' A, 3, and t by direst messurerent, the dielectrie coa-

stnnt X' of the sled can be corputed,

The 1o3y sagha o the iacoanlalsly [illed tead ooorclitor is
measurad by the bridge. The cuasilon arises, wint 1= tha loss angle
of the 91a3% This cen be sdavered Yy ciasiderlag the capntltor siown
in Figure 19, of coegitance gp’. gormalabely Cilled 21th o Jlelsptric

of thlzkness 3§ and dislsctric consleat 1Y,

R

= |

?i,—;uru 19

The power dissipated By & cepacitor is lven by
o= 32/.?. {9)

for small loss ragloe, wiere ¥ &s the Jotestinl Hetweon the letes znd
& ts the ecuivslent ssrallel resiqatenca, Ihs pover dimsinsted by the
trorcitors shown in Pires 18 2ud 14 will be the ssue LT the fleld
streagth in the dislectric gleb i the sawe. Or

(_‘,{'/1)2 = },’;‘/ﬁ; if5=3t = 1‘1:’% X/&' A= h#_qp' Z'/E’é) (10}
where

3";‘ = the sotentinl betuesn the oloctrodes (Flgurs 19,

2% = the eculvalant unrallal reslsiruce (¥4 urs 13),

Ep'™ the capicltance silce 15,

= 1% @ ghg fleld strongth fn dhe dloleclric alnb,

| 1]

Y = the sotentisl between thie slectrodes (#{aure 18)
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R = the equivelent parsllel resistance (Figure 18),
g = the capacitance (Figure 18),
= the area of the lower test electrode, and

A
3_' = the dielectric constant of the slad,

The loss angle ! of Figure 19 is given by
§' =1/ g B = (1/w 5y B) (R/R') (8,/Cp")

= S(F/1)Z (1 /9) = $(¥/¥') = &gy e,). (11)
As -g-p is given Dy Iquation 8, and gp' is given by
K' A/l 7t, Xouation 11 takes the finel form
§ =801 +K' (4 - t)/t]. (12)

¥RRORS RESULTING FROM DISLECTRIC LOSSHS IN THE TEST CAPACITOR AND LXADS

The equivelent circult of the test capacitor showing dlelec~
tric loss, in addition to that resulting from the sample, is shown in

n@lro 20.

/—/—///-;/—// R “s

Figure 20

The loss sngle 8 for the combination shown ia Figurs 20 is

glven by
§= (Ry * By)/Ry R, Cwo (13)
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where

g' = the saudvelent pernllel rasiatance of the asmdle,

B = the enuivalent varsllel resistance of the test ceorclinr,

and

£ = the caprcity of tha test croscitor.
The loss angle Sy of the ssuole rlone is

Sy 1By Cw. (1)
Then, dy cowbining Wnuntions 13 and 1, |

§g = (/{1 *+ Ly/R,) 1. (15)

The correction faotor 1/(1 + % /Ry) was determined over s
ranze of ralntive humidities snd temnsrsiures ss o oart of the deter-
minrtion of the loss sngle-temoer-ture hyastoresis loons (s-e the
section on xperiments) Date and Discuseion). The loss an,le of the
test croncitor § wes zessured with the usoer electrode in the reised
sonition with the saznle in slece. Any contribution to d by t‘?.a gnmale
whon messured with the niner electrode reised will curtainly »e small,

#3 the ratio (4 = £)/4 becomes very large (sse Rquetion 12).

The loas anzle §y for the average sruple et 2 cmoacitance of
30 mmtds. is sunroxinstely

Sg = 1.0 x 1070 = 1/8, Cw,
or

fig ® o6 x 108 ohma,

e lows nngle Jc for the test caracltor ot = cnpacitance of
50 mufda, wan fousd tn s inderendent of relative humidity snd tespery—

ture over the rense tasted, snd i sooroxinately
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do=1.6x w = 1/24 Ew,

or

By = 20 x 1!)10 ohuis .

Then in hquation 15, R/B, = 2.3 x 1072, which is rhout P

aer cent; therefors, the corrsction factor moy bBa dleresarded snd dy

mmy he considerad a~usl to b within the 1isite of exnerimsatsl srror.
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WAPERIN THTAL PROCEN S
PLUPLWATIGN UF IRGT SHANTS

ALl Zast slisets used in tida thesls wsre oreasred frow
Brown Comonny unbleschad Lrafi sold under the nane of Psoncisl wezshed
mulnhete,” which is ¢ oulp snacislly prensred for the manulscture of
condeaser tissue. Tent shoete were orzpared over s wide rsage of
densities, by wvurring the nettiod of shret making ~nd wet oressiny, te
study the effoct of sheet dsnally oa the dielectrie constont KV sad the
loss factor K%', Snechxl attoation wrs paid S0 the nroduction of uni-
form test sheste of good formetion #o rs to reducs cockle probless Lo
a minixun when the ahret wes dried under the high vocuum conditions in

the test chamber. Test sheests weara presared W three methods,
¥athod I

Unblenched kraft (Srown Comsany) wans refined for 4U miautes
in the Lomaan mill $5 o freeness of 750 cc. S.-R. (BYO cc. S.=f. free
ness for the unrefineg pulp). Sheets were forued on the British sheet
1013 1.4 grame in welght iaatend of the cuntomary 1.7 graams eud couched
Trowm the wire onto » filter or-oep. A seennud $1d8ar oncer bocked by
n Sritish dimk wes lald over the sheat and the combinstion vresssd
between bDlottnrs 2¢ 10 p.s.i. for § minutes. Thunlicete sheetn were
given 2 gecnnd rmreessing et invervels of 10 p.z.i., 50 p.a.i., 350 o.s.i,,
and 5000 m.8.1. For £ minutes with & change of Ylotters. ‘rassures of
350 p.n.d. £nd 000 d.s.l, were obirined with an flmes ress. The
finiahad shects, together with the {ilter wiier:a, were air dried on

the #ritish rings #nd storsd on the rings over snhydrone in ¢
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dasicestor until randy for use. Dhests forned by yethod I ars of natt

finlsh ~nd 1ow in deasity.
¥ethod IX

Unbleached kraft {Browa Cominay) w29 rofined for L0 minutas
in the Ipanédn adl) »s in ¥etnod . Sheots were formed oa the Sritigh
sheat mold 1.0 ;rem in walzbt instesd of thse cusiowary 1.7 yraas cad
conched from the wire oato o 7ilter o ar. A Britlsh diak wres 1284
over the aheot £ the ¢omblintisn uresssd detween 2loits s ot 1 r.8.i,
vfor % minutes. Tor the smoothing ~ress the blottars 2uf filtar oeoer
ware vemoved, » smopoth sousre of moisturesronf celloshane slreed on
the skeat, snd & second 3ritish disk 1aid on the ecelloshane. Duzlicste
sheets wore given » spoothing oress with the shret~celloshads coublna-
tion batween blotters nt intervole of 10 o.n.d., 59 Des.d., 350 s.s.i.,
snd U000 nes.d. for 5 minutes. She celloshage nnd woner d4isk were re—
aoved, #nd the ahoets were alr dried on the British rinre 2nd then
stored on twe riuga over snhyirone in s fesicoator until rerdy for uswe.

Sheets formed Yy Vethod II heve & smooth finish znd intosedliste density.
¥ethod 1IZ

Undleachied kreft (Brown Uom any) wag rofined for 40 uinutes
in the Lomoen mill ss in #othod I. Shaats ware forsed in the 3ritish
sheet mold 1.0 zyrom in welght a9 ia Rethod {1, The formed chaets were
couched onto £ Hlotter, » Iritish 2iek lnld over the shnet, snd the
gorhination areszed ot 10 daz.d. for O minutes. Ad6ur ressing, tls
blottar wes carefully romoved =nd the firat shest on ihe diek rojleter-

el vith n necond sheet on a blotter srewred dn the grue woy; the two
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were lraninoted at 10 r.s.4. for 2 minutes, forain: ¢ twoenl: shast,
The aracedure wos raoente? to form 5 three=)ly shest, The thrae-sly
shiost 2n the disk was given sn siditioanl »>vessdsn: zgninst «» dxy
Wloatter at 10 1.9.4. Yor 2 atnutes io ranove ps mioch weler 58 Dozsible,
Tuplicste showts were slven e finl smoothing orens sageinet the
aellovhrne »nd Alak me autlined ix ethnd 11 ot lntervele of 10 s.a.d.,
50 peglie, 380 nemads, nnf 5330 n.acd. for 5 ninnten, The £inished
shents ware alr dried on the Britiah ringe sud atored on the rings
over anhydrone in r desicontor until resdy for use. Sheets formed by
Pathod IIY heve p smooth findsh rnd hizh density,
TASDINY THE SFERTS AWD CALGUEATIUN OF T DLGSLE CONFANT E_' AYD
Loss samg

“hen the shests were ready for uas, thay were resoved from
the ringzs in the desicantor (st sbout 1.l rer cent molsturs eontent),
eut to 3/% vy =3/h tnckea sod visuelly insasctef By transcitted
131:ht for locrl hizh anoin ~nld lwrerfactiona. Any surfzee fvrsularie-
ting wers cerefully ernnad hr pesns of = ahsrp rozor blade, The ine-
srected ahests were quickly trenaferrsd to the test chomber snd the
semole dried undsy voouwum with the unzer test «lectrpls in ths roised

nosition at 70° 0., unless othervisa aoted.

ridie ¥esaurcuents

The necessnry tridze sessurcuents reiulred for the coguuts—
tion of gp 2nd  were wrfs =ccording to the srocedurs outlined on mge

B2
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¥ensurement of the ilectrode Hedaratiun

The elactrode sasretion d wre datermined using the selnra-

tlon srge xud nrocedore described on nage 8.

Mesguremant of the Zemple ‘hicknaus

The gemile thickness X was measured at the conclusion of the
run, using the standnrd Schonper cslirer over the éntirs ares of the
shert included between tha electrodes. The mesn vriue of I w23 uned

in the commtntions. .

Hupaurameat of the Ssumpla Nensity

The danaity of the samile is defined ma the oven~dry weight
of the semnle included betweesn tha effective aron of tue test else-
trodes divided by the voluse of the mex>le Detween the effective sres
of the test elactrodes. Or, tiue density in ga. a3 4a ilven by

Pesil At (16)
where

X = the oven-dry welght of the semple included bDotwesn the
the affective sren of tne electiradas, in jrems,

A = the effective arsc of tum elacirodss = thoe sres of the
lowar slecirade olum one i:.a?}':x‘ the aren of the ;uard ring
clearance, in sg. cm. = 45,03 sq. om., and

I = the Sehounor esliasr of the sheet in cm.
Csloulation of the Corracted Nieleciric Coastint K!

Equation 1 wos uaad for celonlating €, Oron bridge mepgurs-
ments, For the calculition of “he corrected diedactric sonstsnt al

Tubion § in prectics) units nacoues
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= ho@-sX -1/} an

-

whers

gp = the squivalent parsllael canacltsnce of the fest
capacitor, in mmfd. ss computed frow ¥cuation 1.,
A = the effective arce of the test slectrodes = the ares
= of the lower tes$ electrode plus one half the ares
of the gusrd ring clesnraace, in so. om. = 45,63
%¢. om.,

= the ssvarstion of the electrodes, in onm.,

fer i

= the thickness of the sasnle, in om., and

k' = the corrected dielectric constant.

Calculation of the Corrected loss Angle &

Tountion 3 wes used to crlculrts the loss angle 8. ¥or the

ecelenlrtion of the corracted loss z2ugle 8¢, tquation 17 wes emdloyed,



REPEIIMENTAL DATA AND DISCUSHION
FLUBLIIEY AS i AIN WO DRYING

It is sn esisblished frct that the loms sngle sad dielectirie
conantent of ssner decresse as the molsture conteont decranses. linta
covaring the affect of drying with and without flushing on the loss
anzle § sn? cesncitsnce _O_p of the test cerpcltor nt 1000 cycles scc.“l
by avacuating to 1-2 wlcorons of weroury vt ?0° Co 8re sivan in Teble ¥
and nlotted im Fisure 21. In the fluehing curve of Fijure 21, the
test chexbar war awent out with dry oxygen~free nitragen every hslf

hour for the firat % houra of mumning. Two shesis oreoared by vethod

I end srasaed nt H0 r.n.1. were used in this exseriment.

It 43 to be soticed thet the flushing technicue is effective
to the extent thnt eiuilidbrium wrs stisined la sbout 4 hours, whereas
for a samtle orecared in the same way, mumping without flusking recuired
ebout £ hours to atiein eoullidrium. Apsareatly, flushisg is effactive
in sny system from which vanors on? guses diflerent from the flushing
zu3 ure to be recoved in sn srrengesent whore there are et lenst (wo
flow resistrnoss in series such 23 au enclosure within on enclosure
with spall onenings hetween thew, Tris condition would certsinly

obtein in the norous structure of nzear,.

Dna would exnect [Inshing to be mora sffective in sn rb-
solutely airti it moeretus than 4n on mvoeratus with 2 miante lerk.
7or exsple, if s aguole is dried in an sbsolutely amirtight checber
nnd the onep will sustein s pressure of 1 micron of mercury in the

chenbder, then at equilibrium the tot:l nressure of 1 aicron in the
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TABLY ¥

8 /m 0. AT 1000 0LCLES 530.~L AW 70° C.
Y8, SURDLNS ¥10% 510H AYD wITHOUT FILSHING

(50 psd. Preasing - Shoeet * ethod 1)

Samale f“s’umgmg’ﬁm mn%&’u. ingiigf
508 Q.5 351.7 1.99
Flushing 1.0 356.9 1.6
1.7% 35745 1.25
225 351.7 1.0%
3.0 358.8 0.99
3.5 359.3 0.92
13.0 359.6 0.89
50b 1.0 395.4 2.00
Ho flushing 2.0 395.6 1.1
5.0 hol.2 1.04
12.0 L01.0 0.88
17.0 400.7 0.80

chamber will eventuslly bhe due to water wapor. XNow, let it be ssanwed
that n saxple 19 heing dried in a chasber with s winute lapk and thet
the otmp will suatsin 2 oressure of 1 mioron of mercury. ZThen at
ecuilivrium the -ertisl -resaure of wrter venor will not exceed sbomt
0.03 nicron of nereury, becruse tha ratio of the dartisl »rassures of
molature and air swept in will be inderendant of ihe aressure. In the
14cht of this nieturs, one would exnect = mach more renid atisinment
of exudlibrium ueing the fnshing techalgque 1f e roomrstus were

serfactly alrtight,
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It will be noticed in the capercltiance curves plotted in
Piure 21 thet g nerked riss in ¢opacliirnee occurs as the e ulllibrium
velue of & 18 aparoached. This riae in canncltance wog $yolesl of
nany such curves lstermined during the course nf this investi;ation,
“he shern rise crn he ottributed to sn incrsnse in the dieloctrie
eonatent of the shaot ar 9 = decresss in tha electrods ssarrotion &
st this point 9 p rewd{ of hygrosxsannive changes in the sheet, It

s mafartunste thet Quia sre not aveiliabla on this point,
DATA OF T8 NELATION OF DRELS0TRIC COUDLAdD TU DRNSILY

Tata for the sxoreasion (X' =1}/(K" + 2) st 1000 cycles
sec.”l ana 70° 5. are Dreseated in Tedle VI and Hlotted in Flgurs 02,
The ndvantsge of establishing » functional relstionshi) between the
dialectric constant and the density would 1lie in the converaslon of the
dielectric constant of » 2iven sheet to gous sisndsrd denalty for
wrroses of comparison. This observatioan holds, likewise, for the

loss nnzle.

In the shaenca of graster inforuntion, the curve of Figure
29 4g rasvesgnied ne o stradizht line intersecting the density axig st
0.3 . en.~3. The clnmaiesl Clausius=losottl relstionship, stating
that tha sxoression (}_C. - 1)/ (K + 2) in directly proportionel to den-
afty, would be & mtraight line ssssing through the origin ss resre~

sented by ithe Jotted 1ine in Filauve 27,

In the commmtation of XY, wvalues of _gp. d, and & sre re-
rulrsd {ses Wrantion 17). Of thase wrluas, .gp ¢an Be obtalnsd {0 a

sracigion of 2t lanet 1 art in 100K0; hovevsr, the lechalnue of



PATE POR THE QAT CULATION OF MY (XY ~ L)/(X' +

Sheat Pragsing
Mathod Dem,d,

1 108
10b
508
500
50e
5000A
HOOC

1n 102
100
5
Hiro
350
3508
50008
5000b

I3x 102
10
Bon
350a
EQO0n
50000

measuring ¢ snd t is open to moue cusstion snd it explrin the de-

o
nnFis.

566.8
332.0
3754.9
5973
552.“
286,0

~T1-

TABL* V1

2
CcHl.

0.0161
0.0111
0.0159
0.016%
0,0107
0.0106
7. 0149

0.0102
0.0112
). 0094
0.0092
0.0002
3,010
0,0100
G.0100

5,053
9.0234
.0240
0.023h
0.0240

R
e

0.00L7
(. 008k
G0Nz
{.0118
0.0086
'3-0@514
3.0107

0.0088
0.0539
00034
0.0074
00071
0.0376
00074
0,003

o020
00204
.01
0.0186
RN £
0.0138

o

1.59
1.35
1.50
1.83
102’?“
1.78
1.70

1,50
1.76
1.61
1.68
1.93
75
2.20
1.87

.00
£ e
IR
2.0
2,43

7) RRCRESUICH

AT 1000 CYOLES S36.~3 AuD 70° T. Fupr VAKIOUS DESSITIRS

EY - 1) Tenslty
KV + 2] gne oo
068  0.62
0.7%0  G.T0
0143 Gl
0.230  0.66
0.218 5ebb
AP s B o
Cah3 02
0.202 0.61
a8y 0.65
00836‘ (1.77
Ce2T7 3713
0.736  0.73
el 3.69
SO GeTH
002’) ‘)079
o0 0.33
0.3%0 Q.84

3

serturs from the Llausius-Hosotti functlom. Unloubtadl., mengurenenti

of 4 in situ without tha necessity of trensferring the ssuple to sone

axternsl mensuring device would be the best techul ue, ragd kr. fanl
Hensen, who is continuing this iavestig=tion nw » Doctor!s thesis ot

The Inxtitute of P=isv Chexletry, will daviae soxe wathod for dolng

this. Purthermove, the thickness t was determined by the Schopper

enld ser with aooroximately 7.5 s.8.4. on the anvldl,

The thicikness t

of 5 shaet of oaner is » A1fficult thing to deline in work of tids
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Fhiure 22

(KY = AHAEY » 2) ub LXO dpolas Seesd
and J0° C. ve. Daunity

—  Experimentsl Gum'm‘

_____ Theoreticsl Curve

Ao Sheuts = Method 7

o ‘hests = Eethed III

31 0.2 0.3 0 0.5 0.6 O 04 9.9
Sonsity ~ e q."’
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sart, ral A=t on e ponoressivility would, tharelore, Te of intereat.
Low ¥elues of § would tend %o Arerense the crloudoted deusity on?

inersess KV, ovicr factors thoing erurle
DATR DD OFT 105 FARTOA K 8 an wiaTen oL adaadad

It hew Leer steted thod the uower loms ner unit valume of
w Sislectrie =t » ststed frevensr, ooltoge oo fient, raf tewnsreture
1g nronortionsl to tha love factor., Assumlng th=d Y& pover lagn in
& esonaltor 19 srosortionsl to the meay af os tericl etween thir elec-
traodes snd ta the acusre of the fleld sirength, §6 33 Jound? tied

p=¥1% - (12»6' [T ICTAYE G ! ¥/ L7

or
ot 2plL, (18)
#HITA

O~
-~
]

the 1oes rale of the zhact,

E! = the dislectric constent of the ul.ond,
P = the damity of the shaet, +nd
£ = the frecuency.

Thus, cecording to Monntion 18, the lnss factor '8¢ ahould
he woorortionsl tn the density ot s iven fre-usency. J=ts for the
lone uole g‘é‘ o8 releted to deazits ave civen 4a Tadls VIX pnd olotted
in Floure 3. In the shaedge of (rorber ioforwctlon, the sxperiuentsl
curve of ¥izure 23 is resrasented 28 o osireiht line interseciing the
density sxls nt D.0% om, e "3, the iderl curve of loss frctor versus
density at 2 siven framueacy rnd bmmusreture would be s streight lins

sas3in.; through the origin secardin: to tountion 18,
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TARLT VI

PASA PO M CATOULATY OF TE 7 TO0%% VTR St

AT 1000 SYGDES 5ue.L AND 70° . Uk YARIOUS DESIITS

Sheet Frassing 4 A1 dx 103 8 x 103 ¢ 'K'  Density
Meghod n.e.9. om. of, KV rofons radiene x 107 g, Cre D

I 1= 0.0161 0.0L7 1.59  a.9% 1.3 23 o.6r
50s 20LES B0k 1,500 062 (1,31 G o g
"0h 0.0163 0.0113 1.38 0.0 1.08 0 1.9% 0 Q.08

0o 0.0107 0.0085 1.8% 1.0 1.08  2.090  2J40
S00Gs  D.0L06 0.008% 1.73 0 1.0 1.5l PU8E o.7n
BOO0h 0,084 0.0107 1.7 GWBY 0 1008 1.3 oL
1 10m. 2,010 00086 1,50 0,82 1.l .y o.0p
10b 9,12 0.0089 1.76 0 091 1.32 0 232 .01
5Od G092 G001 1.6%  2.92 1.1 200 0.8
3 2,00%7  0,007T1 1.9 .46 1.3% 0 T5Y 8.T7

B0 0.010% 3.0076 215 0,85 1,06 3.3h 0 0073
80U0m OO0 Q.00TH 2200 04310 1Ak 37 ot
000D .01 0.0081 1.7 0.8 .6 2t 0.69
111 10= 00003 0,022 1,32 1.4 L0h 2,800 auTh
10h .02 0.020h 2.0l 10 1,97 2% 0.Tg
8. G.0240 0,015 720 1.6 1.BH 386 0.33
802 0.0 0,010 .G 1aT7 0 1.9 M7 0.87
5006 0k aumas v 1.0 i a9k

It was hallaved thrt the deryrturs of the exneduenisl curve
of Pigure 20 frop the Cleuaius-tagoatti relrtionshis wight be ressonsible
for the discrepency noted in Ploure 2%, In ronfersnce with N, J. &,
Ton den Akzker of IThe Tnatisute of ‘soer Chemfatrr, 4% wes lesrnnd {kat
fibrous meterisls aimilse in nature tn orwnr hed bBeen found to rohore
rizorounly to the Clausiua~oeotti relstisnahin over n wide rovze of
deneities, With thls in 2ind, the dxtr of 7sble VI wers recrlenlsted
on the ssaumstion thet G, 8, sod densiiy were not in errer, tnt that

~3
errors in g‘ ware responsiule tor the deoarture from the Cleusins-ogottd



Pigurs 23
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relationahin. For a shest of given density, en idesl dielectric con~
stant KY wes cnlculated at thnt denalty from the dntimd curve in Plg-
ure ¢2, HKnowlins Qp and ¢ for the given shignt, & new value of g was
eslculnted emnloying Eoustion 17. Using the new vrlue of & 2nd £4,
i wae ealoulated by austion 17, Dete on the corrected loss frotor
5" &%, es relrted to density nt 1000 crcles sac:.'l end 7‘0° C., £re glven
in Tsble VIIT end slotted in fMyure 2H. The corrected curva is repre—
seated ng g dotted Yine inm Figure 73 for ournoses of comomrison with

thae exrerimental curve.

1t will be noticed in ¥izure 7k hat the g-rrexd of points s
sosevhnt lesa than in Figure 23, but errors in d nlone resnonsible fov
the denmrture from the Clausius-bosotti relstionshin do not exnlain
the fact thrt the corrected curve in ¥i.ure 24 does not nnss throush
the origin at zero density. Ihis lesds one %4 susoect stroagls the
valuen of %. At the lower d;onsitiea. velues of £ would be too saell
9% a result of the compressidility of the sheet. Them, for & ziven low
density point, density decrenses snd both K¥ and &% decresse as § is
incressed; the abscissx of low-denaity noints in Figures 22, 23, snd
24 would shift tn the left, =nd ordinstes of low dsnsity points in
Pures 22, 73, and 7B would ehift fown. It alght be poa~ible that &
correctad t value would jive curves of aunller slope then in Vi jures

20, 23, and FU and would neas throwh the origin.
LOGG Rl el Al iy HESCRRASES TS

Suring the courss of this investigntion 1t was antiesd thet,

wheu o senole had reached ites ocuilidrium velue of 8 ut 70° G. »nd Af
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the teslersture was reduced as nusping continued, the loss snle in-
creased. It is for this raswon that messursments of d and -‘ip were
reported at 70° C. Hn attempt was made to determine whether there is
e dona fids temnersture effect, or whethesr the incresse in O 1x due
to an increased sbmor-stion of water vasoer by the semple from the low

srassure atmospheras in the test chamber at lower tempar:tures,

To iuvestigate thie vhenomenoy, z shirat uradered by Method
II1 at 50 nenede vresaing wae vlaced in the test chamber and sumped
to erullibrium nt 70% (. with ntmosoheric air surrounding the test
chasmber for Feoeriment I. After the scuilidrium volue of § had baen
neasuresd ot 70e e, the tumier:iure o1 e Lent chanber vus lowered
in sevore:l steps to room tainernture sad 5mnmm~ed for esch sten,
sllowing ¢ hours for the atisiament oY Sempersture squildbriuz. After
the room tesner: ture value of g had Been recorded, tiie tent chrnber
vas rohested 11 steps to 70° §. snd 8 szelin messured for esch step,

allowing  hours for the attainment of tampersture etuilibrius.

For sxneriment 11 the semg procedure wos followed, excest
thet an ptmoachere of nir, desicoeted Dy bubdling tlirough concentrated
sulfurie ascid and then passing over cslcium chloride, surrounded the

test chamber in the shield,

For ixperinent III = most of water wss cogstructed around
the gasket se~)l of the bDall cover in tha test chanber nnd § dstorninea

st verious temnerstura stens, as for Part I.

At the ¢onclusion of these thres exneriments, the gheet was



ravaved from the feet chogher, aal € -nd § meseursd @9 vaculysd for
the eonmt: tion of " and Y. The remdts spe Civen dn ide IX

znd Motted In Moove 250 In wxoseinent 1D tic muele soifted wliishte
Yy, siving ¢ AifTarent welue of C than ot obtrined In Teoaortgxte

I .nd Tt1, " far Myomerieant ID wse @xleletef on the bealn thot 9
Hnd not chrnygad, mo thet ¢ correctsd 8 for Yyoerieaut IT coul? be

usad in the govreioting oF ". (37 the lanne Inm ¥PLours PR osre veed
Bocdmadnc Y e lowesd sodnt to the vt ond sesiag 2logiwlae sraund

toe 1ood.

L oelihily higler Iaftir) bonsrratiare wed obtoine? in “x-apie
zent IT saminr s degivestod elr, avifent)r Detenus of tre i-preoged
kest goninetivit: of $he shield bor to Uz tast ¢hnuBer o6 2 et of
eireyl-tiq, dry zir i221de the ahigld. The lower iaitisd tonevrdivre
outainlins in uzoerioeat 1D win Juz to L= evenar: Uion of water Jyon
the masl and to the negassity ol somaviuc the ahleld Loz feos dlne to

tiag 4n reslazce e wrter viioh nt evnodrsded,

The $1er behind 3he use of stmoavherle <ir snd dselcgatsd plir
gurrounding the test chrmber o1 the wetey so=t suvresuadin g to0 Jnaket
ol wan to rofuce wide veriztingy in the orrtis) aremsure o0 weder
vaor iakide the test chewber for the threoe runs,  The Bent Spasanre
wednbndnsd Do the vy An thin gerlsn of exoeriasnle wea op s svarsge
shout 2 ulersuw Af resgury.  Jeesusz o7 she f2aaillnusus Sushing setion
of ausll argunta of cne 2defital B loske in $ho taat olesher, e
22rEln] regeura 5 wnter vaour in bhs Lesi chember wes orabehly very
esall & Veverinent IT, dsin: tha desiccpied <ir. In vixcerizent I,

using mteogtierie e, 4oe vordiel romsirg of wedsy vowr lusidy the



TABL= IX

DATA E TRE GALGULATION OF LOSS AdGLEe -
TEEPIHATUYE HYSTRRESIS LQUIS AT 1000 CYCL:5 84,

(50 n.s.i. Pressing ~ Sheet Method IIX.
Two hours hatwaen noints)

Txsepiaent I - Atmossharie Atp

Tavarsture § = 103 8§ x 103
@ ¢, radisng radiane
67 1.15% 1.36
51 1.18 i.72
26 1.50 2,43
36 1.58 R
*6;3 1.43 2,32
1.26 2,04
Txveriment 11 - Desicented Aly
71 1.17 1.33
) 1.27 1.99
27 1.2 2,06
ko 1.57 2.4i1
52 1.62 5,22
12 1.23 1.93
Exaeriment IIX « uster Srel
Y54 1.32 2.4
kg 1.3’4 <17
b14 1.4 2.28
25 1.63 2,64
36 1.67 2.7
50 1.60 . 2.59
6l 1.36 2.2
Txareriment 4 k3
en. ca. X g, §/8
I =nd 11X 0.0278 L.0080 2.30 320.0 1.62

11 0.022% 0.0130 2.30 330.0 1.56
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test chanbor would ba of the order of (.2 micron of mercury. ¥Yor
txperisent I1I, uning the mond of watar warrounling. the zeeket a:sl,
1% 4s s9zumed thet most of the laskagze occurs at this point end,
therefore, the grester portion af the nreseure of B microns of

warcuary in the teat chusmbor wme Sue to waler vapor.

Baceuss §t is nn estabtlished faot thst the loss sugle &4 of
e shest incresses with molsture content and that cellulose hius &
greater affinity for water veauor st lower tewnarzturass, snf incresase in
§' 18 to be exvectsd na the teinarsture ia decrested, the nagnitude
desending vy the psrtizl aresnure of watzr venor sresent in the tnat
cirader. I there s ne swertmnosed Senmpap ture effect, one would

axoect » Tuindly of lo0us v shoun in Pioure 76, with facressing sartisd

; o

>

—

Temperature

Maoure 26

pressures of water vanor the ares of the loop would incrense, the exis
of the loon would have s rantor negstive alope, snd the loop would
sasume » higher nositlon. If, 4n gddition, there i3 s boza fide tem.er-
eturs effect, r negative temnavature cosfficiens of &' would rotnte the
axis of ths loops clockwime :nd ¢ positive temcersture coefficient of &

would rotate the loos counterclockvise,



e

vhethar or not there 13 + dong fide Lswersture uffoct is
Airfionlt ¢o concluda from the family of loons shmm in 71 .ure 25,
Undoubtsdly, the increese in 6! vith a decrenme in Lemoorsture 4s
dite, at lepat In szrt, to the sbsortion of weier vppor nreseat in
the test chew’er by the semnle, ra dndlcated by the fret thet the
loons decome lsrger ia ares end sarume & higher position with increasing

aertirl oressuras of weiler vanor in the test charber.
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A modifisd alterarting~current Scheving bridge, together
with surilisey a-oernine, wes constructed for measuring the dlslectric
constant rnd dlelectric lons znzle of paver. To adupt the nunnrstus
to mapsuraxents on uener sasples, two saeclrl Tesburas were iacluded:
{1} the chamber contmining the test conscitor snd gusrd ring could be
evacunted to oressures of » few microng a2nd herted to elevniad ten—
aeretures Por drysing the Hsoer to constant electricel psronerties;

() to frcilitate drring Mmrther, the tast electrodes could he
sanarzted in vacuo durins the Arring aeriod and brought tozether for

zakin: slectrice) messurerents,

It i3 nesesanry to know the ssersiion of the tert elactrodaes
when the ssuole is in nlace. 10 do thia, a sopereilon ;s:8 wee Cha-

atructed heving n vensitivity of 3 x 107 % en.

A napar sheat will not connletely fill ¢ croancitor whose
electrndes nre 7lane surfaces, bacsuse wer surfaces sre by nature
irrendsar. To corrvect this, a theory was develoned to c=lculste the
diolectric coustont nad lons sugle for ¢ 2sample wuich doss not comr

Jintely £31) a osrallel nlete crogeitor.

The loss angle of 7ater decrasses ns droing nroceeds. In
the ocascitence curve versus owmodng time (Pigure 21), a marked rise
in ganmeltnnce 1s noticed =# the enuilibrium velue of tie lows srngle
i3 noaranched. “his ohenomenon can be attributed to 24 fncrerse in

the dielectric constrat or to £ decrssse in the electirode sajarsilon



A

resul ting Crom hysroexnennive chenzes in the shoet; however, dntn nre

not sveil-ble on thie =olui.

Jerdodicrl flushing of the test chanbsr with a dry, fnert
ges during the dr-ing period seowed to hasten allzhitl. the nttslmment
of exuilivrium. ‘ihe flushing tsachnisne is sxodsctsd to be mora offeg—
tive in an sbsolutely sdrbtighit soourstus than in ode with s ndinute

lenk, such s3 was enployod in thiw dnvestintion.

A hysteresis of the loss angle with escending and descending
drying temparsture wns noted. It 4n d4fficult %o conclude jositively
from the datp ohtained whether there iz o bone fide change of loss
angle with tesperrturg, but undoubtedly the incrasss ol the loss angle
with = decresse in terderzture is dus, =t leset in nrt, to the b~
sorition of vers amall amounts of water vanor sresent in the test

chrmbar,

The srepter sart of the axierinentel work of this thesis wan
concarnet with 2n lnveati »tion of the efTect of density on the dislec—
trie constant and loss sngly of dever. At r olven Urecusncy »nd Lome
serrture, the (lausius-tosott! function states thet the exoreasion
(£ - 1)/ + 2), where ¥ 1s the dislactric constant, &8 nrovortisnsl
to the density of the dielectric. <he exaression (X - 1)/(K + 2) re-
duces to zero st zero denmity, bacause the dielectric coastant of a
vacuum i3 chosen e unity. Howevar, from the exuerizentsl dats ob-
tained, it wes found that the Clausius-bosotts function did not hold
rizorously for osaeyr. The sxirsssion (g_ - l)/(g v 2) was a straight

line; this is in rccordance with the theory, but the curve extrspolyted
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to zers =t » sheot denslty of 0.3 2. mx."3. It is suirested that
arrorg In the values of the olscirode sederation sad the thickness of
the shant used la the commtstions might be revronsitie for the Ao

periura from the Olsusius-losotis fusction.

At 2 given Traonsncy snd teuper-ture, the relation of the
loss factor {(the ,sroduct of the losa angle and the dielmctric constent)
to density should ve & straight 1ine extrapoleting to zero st zero
density, becsuws tiie loass musle of & vacuum 48 zero. txnerinentally,
the ralntion was found 40 Ye linear, but the loss feotar extrsaolsted
to zoro nt » sheet dansity of Q4% g, am."3. it was velieved thet the
dereriure froa the Clausius-osctti function resultling from errors in
the valuss of the alectrods sensration slubt e responsitle foar the 4ig-
cransacies noted. Correcttons were weds sasuming the (lousius~tosotti
rolation, but these chaages 414 Aot shift the curve so thet 1t Hassed

throush the arigin.

A furthar studs of sevarsl nolnts rel-tive to this investi-
ntion might exlnin some of the ALfficulties encountsrad. Yor in=
atance, n methol of nereuring the electrode senmration in aitn, without
tie necevaity of transfarring the sacile to sone exteranl sensues ng
davics, would bo sn dmpravexent over the tnchnigue daveloped. Also,
the meamurauent 9f tha thicknegs nf the satoale B the usasl enliner
metiod i3 onen {0 guestion when 2501ied Lo work of this tyne. The
explicntion of & more Tumdswentc) matnod fop uresurdng the shest deusity,
vhich dnes not inelude the gesgurerant of mieation-dle susiatition, nrpe-

sents an intorestiag nonsibility.
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