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Chapter 1 Fr©bla»

Eleetreta were ©aly investigated a few years 

age# therefere the proeedwes# the effeet and the 

eaneee are net definitely eatabllalwd# lest ef the 

Investigatien has been eeneemed with the materials 

and nethods whieh made eleetreta* Bat se«e studies 

have been nade te deterBine hew ether phencrona 

affeet eleetreta* Beeauae toia is a new f ield a 

further study weuld be st value*
This Investigation was conoerned with the ef* 

feats ef different eowpooition and radiatlm en the 

electret ♦ The prejeet was divided Intel (1) Ob* 

talnlng oharge versus ti»e eurves for eleetreta <ot 

different eweaitlmj (B) swparlng the type of 

charge obtained with ttw for various mixtures । and 

<S) determining the offset of gam«rays ea the charge 

of an oleotrot*



CKAPTEH XI

Seirtew at fbe XlteraWe

The tteeewy Ileatrete' la ef twentieth eentwy . 
vintage with We rivet inveetlgatien' eeewing ia 1925«. 

SXeetrete ’ere •aeentially. pe«®h»»t eleetrlfled dt* . 
eleetrUMf Kleetret properties are. in certain 

chesUal Wen they a*© ew jeete< te an eleetrU

fiel< while undergoing transition fro» liquid to solid statev 

The investigators haw been ohiefly .eonwwe< with We pro* 

duet ion Nt oleetreta’ and We maewemnt of ehargo Sene tty, 
although emo norrolatim between the. electret and other 

WoniMna has been considered* In general Wo research per* 

talning to the field is Halted and We theories Involved 

yary between- inwstigator«f Werefore We fruits of liters* 

tore seareh are loan In nature*
In 1SS5# a yapaneso named BguohiJ at the diversity > 

of TWyo* while studying dleleotries observed a definite ■ 

type of phenomnon ©sewing* Certain waxes In the molten 
state were subjected to an electrle field of 10 w/on and 

allowed to remin under the Influenoo of the aloetrio field 

until the waxes were in the solid state* A eharge was 

found Induced in the wax* The wpsx* swfaeo of the wax 

had .an ©ppceite eign ©f eharge than the. lower owfsee of 

the wax* Eguchi observed the value of the charge on each 

surface over a - period of tim# tn< fowl that with time the 

sign of the awfaoe eharge fm each fees reversed* This 

1 f*y* Iguohi, ^leetrets*, mi* Mg* 49*181 (1988)



reversal ef eliarge' with tine wae the. phenomenon that 

elaeaified whether ©r set am eleetret wee termed* fie 

defined an eleetret ae a waxed dieleetrie whieh had the 

above property* 'A mixtwe ef 6^. eamauba wk. and

rosin jpve Bguehl a'reversal of eharge effeot* The follow* 

Ing details show how he obtained the' product sailed the 

eleetret* ‘ The 50*50 wixutre was heated' to a molten etate 

and p©»e< into a pie shaped tin pan* Shia pan aervej 
as a bottom eleetrode* She eb jest waa to plaoo the molten 

wax between two electrodes and apply an eleetrie field of 

•off latent strength wntll the wax 'had beeome solid and 

eooled to room teweratwe*' The upper electrode was a sir* 

cul&r 'tin disc* So measure the charge introduced upon 

the surface of the eleetret Sguobi wed a^electraMtor 

arrangement where the eleetret was placed between two eon* 

denser plates| and by lowering the npper condenser plate 

onto the surface of the' electret then raising it rapidly 

a deflection was noted m the eleetrometer# hence the sur* 

face charge could 'be1 determined*' ■ lie observation was that 
a otmrge" of one to'ton t'*s*u« per eml would' be obtained* 

The initial charge placed upon the eleetret deeeyed'with 

time but a ohargo of opposite sign appeared 'and grew to 

a'mxlmm value within the range referred' to above which 

showed no sign of decay aw time went on# The decaying 

charge was the' heterocharge awl the permanent charge was

(«



the hweehar^t

Eguetl attxdlied the aetion ef X*i»ay« ©n Electrete 

te detemina whether ©r net the field was deetreyed* 

Eguchl etated that X*raye eauaed the free charge te 

disappear for a finite period eg tlae hat always the 

fall raise of the free eharge vae regained* The rate 

«f reeewry ©f the free eharg® was influenced by the 
time ©f. exposure, the nature ©f the X*ray»| 'and ths in* . 

tensity et rays* Bnt under any eeodltieft when the free 

eharge had reeewred it was f mM that the ewrfaee 

density was. at the e«®e raise as It had befere exposure* 

Eguehl tried aewrsl mana ef exposing eleetrete te X*rays« 

In ^as ease the X*raye were sent in the dlreetlen normal 
te the serf see cf the dies shaped electret. This wee te 

allow the X*raye te go through tM dlelHtrU material* 

In another ease a 'lead band ©f sufficient breadth was 

used te pretest the electret fr©» the rays at the edges, 
henee the X*rays would only pass along the die© surf ate, 

thus the ra^i were out off and would net go through the 

dleleetrle mterial, which was merely graied* But in both 

of the ©bore ease© the of feet wti the eamei that being a 

reduction ©f field followed by © spontaneous reeevery* 

The dieappearanee and reeowery of the free ©Marge night 

be explained on the view that the ions in the air pro*’ 

dueed by the X«rays were oau^t by ©bargee ©f opposite

® lote that Bgnohi doesn’t explain what ie meant 
by •nature ©f the X*rays* other than saying •soft* 
X*rays»



»lgn <m the ele©tret*e ewfaMt and iftian the nawee 

wa» dlaecntlrmed loni fly ©£te henee the ehayge reappeare*' 

This flylag «ff effect waa aonaldereA te be eaaaed by the 

klnetU energy ef agiMtioa.eppeaing the elee tree tat le at* 

traotlea* The reewe.ry iurvei wfy nearly ebey the ex* 

ponential lew# A email difference in the final eurfaee 

density ef the two surfaces was probably caused by non* 

uniformity of the eleetrlfloatiea near the ria of the 

elootret* Iguehl alee noted that eeraping with a knife 

or putting a bunsen burner fle®e to the eurfaoe of an 

electret, prodwed te^orary dlaappoaranoe of charge •
Mmr^ade the first attest to explain .how elee* 

trots were f omed* Bo stated the eleetrif leatiiat was not 
truly permanent but decays slowly to give rise to a free 
charge* This was based on the pyroelectric effect where 

a crystallising substance, such as <uartst appeared charged 

m a temperature change but was no longer charged as the 

crlginal tcs^eratwpw wi reached*.. According to lord Kelvin 

the charge was only permanent if. the conductivity of the 

crystal was sere* But the value of the polarisation en* - 

tire field would not be great enough to furnish the de* 

sired effect even If all the dipoles were eoupletely in 

alignment* therefore a piesoeleutrlc effect met exist*

8 iS?a!.^S2»sl*t”u'' #«r**nMta Inst, 8M,

(5)



AttSiw 0e®ant48«t ©ut t© diiprove Eguchi but 

f@utol the following eonditlons ,te exist* Xleetrete 

were the eleetrUal amlogue of permanent isagnets* 

The field bed Neen maintained and the free gurfaee 

charge maintained constant value after the aging ,ef* 

feet only if they were kept short circuited and in a 

dry State* Bls ©bsarvatlcns were aMe with a set up 

similar to Bguehl* Gemntt In studying the aging ef* 

feet < eleetrete# found two possible charges to exist* 

One had the opposite sigs of the adjacent polarising 

electrode and known as the hetcrc^iarge which was' of 

short duration* The see<®4 type of charge had the same 

sign as the. adjacent polarising electrode and is known as 

the hcmcohargee This charge increases with age ©f the 

electret* whereas the first charge decays with age* Be 

considered the hee^oharge final valvm as probably a 

valuable method for exploring the structure of organic 

molecules* Acidic mterials produce heterocharge* while 

ncn*diaso©iating dipoles materials * chiefly esters* lead 

to the'steady hcaaocharge* The heterocharge was consider* 

ed an Ionic ■ effect ^>ere the ions wore captured hy the 

solidifloatlcm of the melt and remain for a certalM. period 

©f tiw because < the vt'ry low oondmtlvlty of solid wax*

Andrew ®emwat^*Ble©trets* Fhil* .Kag* 80, 888

(6).



ThU was bellevaa tw the peeltlve l<ma «aly 

ia the apace ecmfrotlag the eetboie# WweeA the 
epaee charge ecnfrcatlng the anode dlMppearil6 The 

h<*ochar^e wae conaldered te be eawed by the aon* 

dieeoelable eea^eneat cf finite dipole aownta* Thia 

vaa supported by the fact that ealnly eo^wmda of 

oatore and alchola showed hmocharga properties* 

Farther data to support the theory Sonant wo.ro that* 
ajEorphoua aodla tod cryo tailtea nssleli and noraally 

disordered orystalliteo attained oriontaticn in the 
preeonoo of an oleotrio fiollI'^To obtain the oriontad 

dipoles a very hard was 1s required* (awh as Carnauba 

Wax*) Thus Ge®ant concluded that a piasoolectrlo of* 

feot'wust exist* ' (Outrnmstates that this de^sands 

<uadrupolos to be formed te the electret* but soft waxes 

produced olootrots* ^mo the theory doosn’t soe» to hold* 

Also Cesiantte the^y can’t expiate discharge currents ob­
served by other tevestlgstcre?*58*58 )6

< P* Jaeger* •Spaeechargo neasurenents te beeswax 
during solidifteation and te the solid state* 
D*..PhTSte 6*81*4®! ' (1934^6)

® F»Ae iThlesaon* A* Wtekel* and €• Serrwasm •floetrla 
After Fffoet in Solidified pioloetrioe* Phveii felts 
S7eSll (19M)

9 Chsteann "theeze^ 
457 (1948)

17 We 6w1m *X*ray ©Iffraotim of Klectrets* toys* Wov* M 
578* (19S» .

91 A* Tupste and X# teiropalro *0n Floetris Chargs 
Developed In certain Awr^wi Dielectrics under 
Application of FreeswoF. Ch©** .Fev* 189*759 (1989)



Oeaieat fwther etaM ttsat the degree te ahlah the ®lx* 

twe had been strained while cool Ing > ©r the eoollng 

rate weald affeet the value ef the hcsaeeharge but 
Strimathai8 reported only a assail deerease In charge 

density with longer eoeling tlme*e
Me Mwlng^^studled the X*ray diffraction pattern 

electrate • le found four eencentrie rings which 

pointed cut that there’was crystalline structure*
6Thlessent Vlhhol* and Herrmann prcpcsed the idea 

that toe dlfferonee in conductivity in'dielectrics in 

the solid and liquid states was partly responsible for 

the effect* toe electret which exhibits the hetero* 

charge pMseesee high conductlTity, whereae it was found 

that the h^nooharge type electret exhibits a lesser 

degree of conduutlvlty» Thleesen used the Mitola table 

(see page it) to for® his theory* Thiessen assuewd 

that in liquid state the' wax etolbits Internal polarise* 

tlon building up toe space charge* As toe wax changes 

to solid state the sign of the surface charge would 

reverse, duo to a difference in the conductivity time 

constants* When the wax solidifies and is still under

6 P*Ae Thiessen, A* Wlnkel, and K* Herrmann •llectric 
After Effect’in Solidified Pieleotries* Fhyoih Zeits 
S7,SU (Ittl)

10 M« Ewing *X*ray Plffraction of Electrets* toys* Rev* 
. $S,8T8 (1930) ■ .

(8)
■t Gutmann •The Electret* 

20,457 (ma) ISXi^L^Xi



the IMlwMe ed* & high eleetrU fleia the following 

prooee® eh«ui4 ©eewt _ A aleleetrio charge ayleee 

fro» either the interfeees between, the vex end elee* 

trades er efl»i froa the electrodes This prooess 

was defined as .external polaris&tlen* Mo hemo* 

charge would be produced when the solidification 

field was ■below 1Q X *r*/ea» beeause that would be 

the threshold value for dleleetrise. charges to be 

forwod* (But this. theory did not explain the need 

for the short circuit to preserve charge^ accord* 
ing to GutmnB )

Groetsiner® stated that shorting leads to an 

accumulation of charge on the eleetrodes and iMn 

these were wmovod the velum- charge .reappears* If 

the electrets were allowed to remin. unshorted it 

was foxmd that on the swfaoe there will-be an no* 

owmlatim of coa^enaating charges # which fora a 

screen around the electret*' tloetrlflcation in the 

electret' is probably due to a shifting of charges 

mtil ewensating chargee have accwulated on th*, 
electret surfaces* Bhder this oenditien the value 

ef the accumulated eharge was sufficient to cancel 

the field causing the volwao polarimtion*

S K»Frl and Groetsinger N0n the liberation of toergy 
in the Kenolting of -the lleotret* FhvslX felts. 
87e7to <im> ---------

t GutmnM*The Xlaetret* 
B0#4^r (194S)



pr<»poe*4 aa atwerptien .Ee
atatad that with a rtae la tawparatwra the tlwe 

rate ©f eharglag find aisehsrging enanBOualy ia* 

ere&aaa to a flieleatrie* - laxea ware found to be 

abeorptive dieleetriea* Xt w la^eeelble te eharge 
eoepletely a dieleetrle at room temperature, hence 

an elevated temperature vat needed* The deeay'ef. 

eleotrlfleatton was prebably eawed by external and 

toteroal conduction within the dleleetrie itself* 

If the noted diaeharge ourrent reversed, then the 

toteroal eonduotlon dlreetim had ehanged* Be eon* 

eldered that eonduetlon enrrent to th® toterfaeee 

between eleetredee and dleleetrlea predtoeed toe hewo* 

charge toleh later sptoy tote the electret* Carnauba 

wax, having a leng life dielee trie eroatant, gave the 

appearanee ef having a constant charge*
WeMw Oocd and Me 8trsnatosn$ made a study ro 

the method to l^rwo the making of electrets* The 

following methods and 'oonolusiros were reached by 

toes* The behavlw of permanent eleetreta has been 

shown'to depend upon the ktods and relative amounts of

7 B* Cross $M h*P« Benard, *Pleloctrto and Temperature 
Bffocta to' Carnauba Wa^* Phy* Hey,
07,883 (194S)

8 W*M* Goc-d and y*b* Stranathan •improved Bethod of 
faking Permnent Bleetretc and Factors which ■ 
Affect their Behaviour* Phys* Rev* M pp 810*813 
Oct* IS, 1939*

(10)



Also the etreogth ©f 

the eleetrla fleK vat * faatare Tla •ae®i to be the 

wet evitable olenent to form eleotrodea from booawe it 

•hewed leee evldenoe of eleetro»oh<mioal activity them 

other metal tried* The two eleotrodea and wax eoMbiaa* 

tian vw >laoed loalde of a sealed aontalwr whloh was 

imeraed la an oil' bath (te^eratwe ooatrelled) • The 

toagperaWo vaa mintained at for the first 

twentystour boura* and then the bath waa allowed to 

eeol* The eleotrie field was applied when the bath 

had tooled to T5OC* At e4°e the field was removed 

end the eleotret taheft <rat and maawed by an oleotre* 
■meter *. The field waa not turned ®n at 9O®0 beeawe 

the reewlting eleetreta' would' eventwHy oreelt* 

Stranathan noted that the time of eroaa over ©t the 

algn ef the oharge iMreaaed aa the temperature to 

idiieh the wax waa heated initially wee inereaeed* 

Chitaannmde an extone Im on the Mikola table 

for the alaeeifieation of eleotreta* The table aa 

presented follewei ' (see next page)

t - Gutmann *The Eleotret* 
g0,4^ (1M8) IlttiXJSIdta

(u)



Subs tenses capable ©f penmnent volume

PelarlMtim

B5^M1S^S^SS8lMx

(11 Aeiau twws
m oi8*e
(3) lesia
(4) Sulfw

Yielding eles BeBoeherse

1
1) Sarnauba Wax
2) Beeswax
3) ' Pelan Bvdroearbons
<) tateraS) Alaehelse) MphaitM

Substance diving

Palsitia AeK 
Stearla laid 
1*8 Dinitro*n&phthalene

is-IeEmasS-Sism
■1} Bareffin Wex, 
'a

Surfeo^ Charge Only

1) Cetyl AleeMl
2) Cetyl Palxltete
$) Won*P©lar Sydreearbone
41 Stearaailide

(S) Seeteay wax
Bate that 18®» aubataneea yieKlng heteroehargee only 

are ©apable ef permanent veluse ©barge a» stated by the 

table# but daunt eaye hetereehargee are ©f abort dura* 

tian# henee a differenae ©f ©pinlen m the word *peraanent*»
A alxpler type ©f ©ven t© mke eleetreta in was pre* 

peeed by toward Padgett^(The detail© ©f Ma xethed are 

dlaeuased baeauee a mdifiaatim ©f Me xethed was used 

tn the present inveattgattu*) lie ©ven eenslsted ©f 

a trans it©' b« with wire heating ©ails en all four 

18 toward Padgett •Isproved Wleetrets*
Iadi©...lieS$ei.ie^ April 124® pp 20*23

(12)



velle eM ehlelM with an weter jaeket of traneita 

hawi»8 the two eeparate4 by a l&yex* of wool in* 

eolation* A anil tvansite enpport wee plaaed in the 

wen eawlty ahioh aervee an an elaetrofla holder* toe 

lower eleotroae waa a oireylar rismd braaa eup of 

40 a®* In tUsMWe aM th* wper el*etrode wee a flat 

braes dies ©f td aaa# in dianater* Both eleetrodae 

were owered with tl^Toll to prodnee a aweon pain of 

eleotrodee* toe Mating eolla on th® wen walls were 

oonnwted to a Varias to eontrol tM rate of Mating* 

toe high voltage terminals were planed m tM inside 

of tM wen eo that tMy nay M ewsMted wrwe tM 

eleotrode pair W wo of elip leads • to* high volt* 

age eewoe was a SOW volt powr .supply* toe 
wen was Mated to 110®(?'* and dee toe wax nlxture in 

tM molten state was poured into tM lower eleatrade* 

WMn tM oven had eoMed to 80^0 the field was applied* 

At rocn tesq^erature tM field was renwed* and tM 

eleotret taken fron toe wen* For a keeper tM else* 

tret was wrapped in tinfoil* Padgett used a gold leaf 

llnd^aann eleetroneter to measure tM toargo* Be 

used a mixture of Carnauba wax# 4SX Rosin, and 

10X ethyl eeUuloee whieh M elaMed esve a higher 

surfaee ohar^, tot his maxisani valw was 4 e*s«u*/on« 

as cwgiared to 4 e*s*n*/cm* obtained by otMr investl* 

gators*

(13)



*. oven for eekimt Blwtrote

The oven wee eede free eheete ct 8/e ineh-

thick freiaelte# IM in* ide <l»eMie®* ©f the wen 

were 4 Ixichee hy 4 tMhe»t end 8 inchee high* The 

walle ef the ewen were held together with $/4 ineh 

right angle hraekete wing two braekete at eaeh eor* 

ner* 4 «ig*eag eet of holee were drilled in eaeh of 

the few ©wen walle# and two binding ^oete were placed 

in cne of the ©ven walla $/4 < an ineh trow the b©t* 

twe Thia eerved'ae a franework for the heating elonent* 

For th® heating elewent So*- to Mehrwie wire (4#25 ohms 

per foot) was wed* The two voltage terminala 

were in ©ppoeite ©ven walle* These were the right and 

left walla with respeet to the wll containing the heater 

binding pwt* The even was placed Inside an outer 

laeket of tranalte diwnalm ©f 11 inehes by 11 inohee 
and 4 s/4 inehea M^i* Between the jacket walls and 

the ©ven walls the space was peeked with rockwool tn* 

gulation* A radio neutralising, oendenaer was adapted 

for we as the aleetrode export sinee it ferwed a 

ehair for the eleetrodea* The upper plate ©f the new 

tralislng e<mdenser wo out to 8 an* in dimeter a© as 

to be wed for an upper aleetrode* The lower aleetrode 

was a eireular tin pan < ©»♦ in diameter and 8 m* 

0*0



la Aepth* la aperatloa the lower eleetrMe wee plaeed 

©a the lower plate of the aeutrallelag emiteaser* 

Almlaun foil wee weel to wrap the olootrodee thee 

prodwlag a oww eetal* The lower eleotrode sade 

Alreet ooataot with the aegative high voltage tereiaal 
and the upper eloetrode wai eoroaeeted to the poeltlve 

high wOltago terminal> For the high voltage isurw 

a high voltage trimaformr with one atage reetifler 

vat wood* The eowee fwaiahed waa pulsating p«a« 

The voltage output of the transformer was ©ontrolled 

by lowering the Inpat of the transformer* A Volt* 

water was planed aoroee the eleetrodeo* An oven top 

of trnneite wo *ade» To indleate the teweratwe t< 

the even, a toerwewter was inserted through the ©ven t^«

B. veenm Tube neetroxwter.

A opeoial VM«a tube eleotroeeter and eircult wan 

eowtrwted# the details of which (innludlng operations)# 

are repwted by ItS.e Pappas in his wstei4i? thesis to the 

university Mowton lPtd« This instrwent appears to 

be more eatlsfootery 'than the •old fashioned* elootrmter*

(IS)



Chapter XV Vroeedwe

The wea wet heate4 (tee page 'V ) te 110eC 

by roeasie ef a Verlae t© emtrel the heat tog rate# 

The aaterlal wet prepared to wake eleetrete by 
o omehtog aad mlttog a wax aUtoe to 180 C# The 

molten mtotwe waa poured tot© the dish ehaped lower 

oleetrode and the upper eleetrode waa lowered until 
eontaet wee end© with th© liquid eurfaeo# The eleetrode 

©ombtoatlon was then plaeed tot© the won and the 
ayetea reheated te 100°C# and then allowed to eoel# 

M eleetrio potential of 8800 volte vaa applied across 

the. eleetrode pair when the wen temperature had roaeh* 
ed ®0®C# At 60®C# the potential waa renwod# The eleetreta 

were, renwod and wrapped to altnlnm foil keeper© and 

atored to * deeteeater for future neaeurenent# The 

follwtog adxturea were uaedi. W ratio ©f Carnauba 

wax and deato i TB< Carnauba wax. and 8856 Rea to j S856 

Carnauba wax and TSM Reatoi 100% Carnauba wax) 100% 

Sulfurj and Sulfur and Carnauba wax#

gleetrete were weaaured by the use of the vacuum 

eleetrometer# The eleetrometer waa eat up at followat



1

(1) th* fUeawat ewreat ws turned on euad adJaatM ta 

10 M** (8> after the filoeat earrent MS been applied 

fw 30 nlmitea the plate aurrent waa turned ©a and ad* 

lusted to 100/Me by use of S© that a deflection 

la either direction aaa be determined,© balancing eir* 

suit was uscd> henee the sera pea it lea ©f the plate 
ester was changed to enable ent to was we both algna 

©f aharge* See S«S* Pappas1 thesis for details sen* 

earning the elaetr©»eter» Sefere the electromter 

was used the plate ewrent mter was ealibrated in 

terms ©f wits* The calibration was aeeespllshed by
-r ;-

the standard $*ede and Serthr^p..p©te®tl«eter method# 

$he eleetret was plated between the eendenser

plates ©f the slaetroHeter* 41— u-* \
The ww? eleetroda was lowered on to the eleetret*© 

surfaoe* The eleetredes were short eirsulted and 

then opened* with a rapid motion the t^per aleetrods 

was raised* Both positions of the' wp©p eleetrode 

and the maxiiraa wains In the plate eurrent was re*
* 11

©erded# .By fixing the dis tames the eleetrode noved^ 

and the diameter of the eondonser plates, the capacity 

©f the e<®denser embinetion was eonstant* Then by 

reading the voltage froe the calibration ewve, the 

proportlmal eharge m the eleetret was ealenlated* 

The effeetiwe ©barge ©n the eleetret was measured

(IT)



a pariad la order to deterelae the 
f* 

changee with respect to tiao* 

C. proeeewe for O»iya-r«y Study

K eoaree et l«03 eg* «f raddom wee need for 
the garoa*ray eoorce* the following typea of ex* 

posuroo were beedi (1) elootrot dlreetly over the 

opening la the ehloM of the radlw eonree, hence 

W6X1NS, the redlwe B ea».frm the elootret) (8) with 

. the' radlw emwo wnahlelded ewpindod vertieally 

above the eleotret at.a diatanee ©£ m*| (S) with the 

radioa eonroe tmehielded ewapeMod hwlaontally above 

the eleotret at a dietanow ©f1 8' | <4> with the

radian aooreo onahleldod and direetly on the electret*a 

snrfaeei (5) with the radiwa ocoroe wnehielded dlreetly 

on the electret but with the eleotret wswped la a foil 

keeper* the tine of expoowe was 80 ninnteet exeept in 

case (1) Wro the etody was fro^ one minute to 4S honre, 
and in eaee <3) Aero one hour was need aloe* At the end 

of each radiation period the valwe st the effeetlve 

ebarge was neaawed and at intervale thereafter to de* 

temlne the effect of gaiaaa^raya on the eleotret e The 

electrote wed were a 80^ 'ratio between Barnauba wax and 

Reelne

(18)



. IAMB 1

6C^ Carnauba Wax and 60^ Bee la

Kleetret Me# 1
Pelarielng Diatanoe Pelarleiag

'tero* Between Field
llectrodee r? - * * ’f *

0^5 * volte ' ea. e.a.tt.
180 8S00 8.94 9.18

For Sotica Suipf aoe
Date laM» Dtatanoa toe Deflectlene Me. ef

Doper CoadeneeF
Plate »oved

Daps

- ©»♦ e.e.n.

a ©•13 31.5 0 •1.20 a. 10
flBM € MB 82.0 X *0.9®
W«r c. ■ MT . 83.8 2 •0.S5 •
waa . 6 0.14 4.0 3 •0.11 •

<!w 0 0.1T ■ ■ 0.0 a 0.43 e
e ■0.1® M.0 9 o^rr a
© O.K '' 80.0 • 10 1.30 •

*!6eM © 0.1S K.0 u 1,33 e
fytM" e 0.13 83.0 K 2.03 •

<! e 0.1T ■ 80.0 13 1.24 e

Fm»(¥op. Surface

*4ta/Sl a 0.13 82,0 0 1.20 •
$6/58 e 0.1S 23.0 1 1.24 e

<♦57/88 6 0.1T 23.0 2 1.10 e
as/sa © 0.13 20.0 3 1.09 *

<#fes/ea © O.K 6.0 8 •0.50
<>5<Aa O.K K.O 9 •0.94 •
<><18/58 6 0.34 20.0 10 •1.08 •

© 0.13 K.0 11 •1.22 •<1^rAa '© 0.U 23.0 12 •1*52 •
#88M ' ©. ' 0.14 ■ 1T.0 13 •1.28 e

<1»)



TABXS H
75^ Carnauba Wax.and 26X Realn

Eleetret Mo* S
Molten
■Tesp*

Polarising Platanoe 
between - 
Eleotrodee

Polarising Field
7 '. 1' •" -I* H'*'' '*■ K,

06C* . volte e»* e#»*u*
100 3300 S.1S 10,05

For Bottom Surfaee

( Top awfaeo for Table 11 m nexb page )

Pate t Range Platanee the 
upper Condeneer 
Plate Moved 

e®*

DefleetIona Ke* ©f Q/k
Daye

e*a*u*
4^6/58 0 0*15 30*0 0 2*11 xlO*2
4ArZB8 0 0*13 27*0 1 2,85 e
4M/68 C 0*17 25*0 2 1*55 e
4^9/88
4rao/s»

'0 0*15 18*5 3 1*16 •
0 0*17 18.0 4 1*55 •

6/.1M 0 0*18 13*0 5 0*76 •
»/,a/sa 0 0,19 . 8*5 6 0*47 «
e/.s/ta 0 0*18 4*0 7 0*23 w
6/ 5/88 0 0,22 16*0 8 0*76 «
5/ 8/58 0 0*13 13.0 10 0*80 •
5/T/58 c 0,20 10,0 11 1,06 e
5/8/68 0 0*18 5*0 13 0*33 e
sAo/sa 0 0*18 21*5 14 0*58 e
w c 0*17 20*0 15 1*24 a

0 0.18 17*0 16 0*99 w
5A4M c 0*24 7*0 18 0*33 e
5/15/53
5/17/58

0 0*19 4*0 19 0*22 e
0 0*17 20*0 20 0*12 «

5/19/52 a 0*18 5*0 22 0*24 «
5/21/52 0 0*18 4*0 24 0*21 ■
5A3/52 C 0*18 4*0 26 0*21 e

<3B0)



11

Fet» te® te*f

Sang* DietMee fch» 
Upper UwieMer 
Plate Mevea 

e»«
♦As/to e 0*13

c " ©ell
s
6

©el©
©el©

«/S0/6S - e ©M
e/ lha a ©ell
»/,eM e 0,13
s/sZm a 0*13
8/ 6/BS 0 0,00
8/8/88 u 0*19
B/vAa c 0,91
8/»M ©' 0«l<
5 A0A8 
SAlAg

e.
©

0,16
o*to

sAsAe © 0,19
6A«/a* © 0*20
eAsAa '© 0*19
8AVM 
8A9/5S

©
©

0*10
0*18

6A1/88
8^3/52

©
©

0*17
0*17

drieetlene lo* ef
Daye

e*e*u*
0*0 0 *0*73 X1O*S

31*0 1 •1*92 »
34*0 8 •2*24 a
18*0 3 •0.89 e
22*0 41 *0.63 •

2*0 5 •0*73 a
4*0 6 •0*23 a
4*0 7 •0*26 a

12*0 8 •0*74 a
10*0 10 ♦0.72 a

5*0 11 •0.25 a
5*0 13 •0*37 a

22*0 14 •1*72 a
20*0 IS •1*42 a
15*0 16 -0*84 a
4*0 la -0*17 a
4*0 19 •0*58 a

15*0 20 •0*88 a
3*0 22 •0*18 a
4*0 24 •0*24 a
4*0 26 •0*24 a



TABU 1U

Cara&uba Wax and TSX Baeia

IlHtreB Me* 8
Molten BolaylitM ■ Dlatowe Folartstofit Field
Tew* . Between Tr.T

Ileetsrodee
fr

0°0. wits e»* o«s«n«
ess aooo 3*08 9e?3

lottm Stirfaoe '

Det* ^m@e Btstanee the 
Upper Condenser 
Fiate Xwed

e»*

6oTleetions Bo, Of 
©aye

©A

e,Se».
sMAe 
t^e^e 
sZi/m 
s/eZse 
sZ s/m 
s/,*M 
8/BM 
s/s/sa

bA^/bs

c 
c
c
c 
© 
e 
c 
c 
c 
6 
© 
a

o*ie 
O*M 
0*14 
0*M 
©♦to 
©♦to' 
OelT 
0*to 
©•to 
©•to 
©•to 
©•to 
©•to 
0*19

toe© 
toe© 
8e© 
S*G 
3,0 
4*0 
8*S 
©•0 
©•© 
8,0 

14e0 
14.0 • 
IS,© 
to,©

0 
' 1

a

a 
e 
7 
a 
9 

10 
u 
12’ 
to 
to

•1»85 x!0*S
•©•to »
•Oto© •
•0*19 *
•0.21 *
•0.24 •
•0.22 *

©•to
0,00
0,13 •
0,93 *
0,93 •
0,99 *
0,83 *

For Top Serf &oe

6/ IZSS 6/eM 
sZsZbs 
6/,<M 
sZs/to 
sZsZsa 
e/vM s/s/sa 
tMM 
BAl/63 
s/laZse

© 
© 
c 
© 
0 
a 

' a 
c 
6 
© 
0 © 
s 
c

©•to 
©•to 
.©•is 
©•is 
©•is 
©•to 
©•to ■ 
©•to 
©•to 
©♦to 
S:i$ 
©•to 
©•to

84*0 
80,0 
to«0 

©•© 
te© 

to,© 
4,0 
s.o 
©•©

18,0 
12*0 
7*0

0
i

4

6
7
e

11
12
13
14

1,38 *
1,62 •
1,06 *
0,36 •
0,49 * 
©toi •
0.27 •
0.27 *
0,0 •
0,03 *
0,67 *
0,60 •
0.71 *
0,23 •

t®ox



tiwa XV
Carnauba We* tM

Eleotret Mo* 4

• Molton
TOW*

o°c*
- 200

Eolorislsg PlotanOo
Betwooa

- Elootr^oa

,V01t»" ,Wl; , o«» •
' 3000 ' 11 1 ‘ * 3*04 '

- yw Bottms Sarftteo

solarising yield

OeOtU*
9 .85

- Date Range Clotanoo the X>ofleoticna . Mo* of ■ qA
Wyar Condenser ■ Daye
Slate Eovet 

ea* o*e«u*

0 
0 
0 
0 
0 
0 
0 
a 
a
o 
s 
a 
6 
o 
<$

•'0 g 
0 
€ 
a 
a 

^<5 0 
a 
c 
c 
a
a 
a 
a

• 0*0 22*0
0*18 8*0
0*88 ' 20*0

■ 0*16 16*0
0*14 ■> 8*0
0*20 2*0
0*19 12*0
O*IB 27*0
0*14 19.0
0*20 19*0
O*1T 1*0
0*22 1*S
0*18 14*0
0*12 2*0
0.1V n«o

Swfaee
0*18 23*0
0*18 2*0
0*20 12*0
0*20 9.0
0*19 1.0
0*22 0.S
0*18 1*0
0*19 7.0
0*14 6*0
0*22 ' 2*0
0*20 0*0
0*20 .0*8
0,16 8,0
0*80 0*0
0*10 0*0

0 1*06 xlO
8 0*47 •
4 0*96 •
8 1*08 »
6 0*82 •
V 0*11 •
9 0*68 •

10 1*60 •
11 1*28 •
12 1*01 •
11 0,19 •
14 0*03 *
18 0*79 •
16 0*17 •
17 0*68 •

0 *0.70
*0*07

4 •0*67
8 •0*47
6 •0*06
7 •0*01
9 ♦0*07

10 •0*39
U •0*38
12 0*01
13 0*0
14 0*03
18 0,20
16 0.0
17 0*0



TAMS V

Carnauba Wax

Elaetreb 6
Maltan' 
.Taw*
oea

HImpIxIm • Slatam* betwaaa PelarlaiRi r„ _«*•-, »

#*©•»,

sPieia ■ 

»
1 *•<,

VtiUi

llaatradta

i e»e

100 1500 SeSO 5*48

fw- Bebfcm Swpfaea
<

oau BUteaae tha Wwr BeflaaUoua Wee ef qA
Codeuaer Plebe 0a>8
Kovede

©Be e*a*a
iAs/sa a ' 0*18 24*0 0 *1.08 xlO*8
<AaAe 6 OelT 5*0 5 0*31 •
*w c 

a
OelO
OelT

18.0
80.0

6
8

0*67 • 
1*24 •

*/giha 0 OelS 23*0 9 1*87 •
c 0.1T 20*0 10 1*24 •

<A9/es 0 0el5 T*0 11 0.49 •
4^0/68 a 0*19 18*8 12 1*08 •
e/8/8S <3 0*90 U*0 15 0,88 •
e/iZea 0 o*to 12*0 16 0*63 •
bAoM 0 0*25 18*0 21 0.83 •
sm/Ba c 0*80 20*0 22 0*99 *
6/tiha a 0e25 19*0 23 0*80 •
SAsM 0 0*20 8,0 24 0*31 •
sA<M e 0*10 5*0 26 0*33 •

tw T©» «t®faee
0 0*15 22*0 0 *1*02 X10*

iAsAa a O*1T T*0 8 *0*43 •
4^4/68 c 0*19 12*0 6 0*61 •

a 0*15 14*0 8 0*98 •
4A7/B8 a OAT 8*0 9 0*50 •
4A8/68 c 0*18 8*0 10 0.32 •© O*1T 1,0 11 0*06 »*fis>Aa <h 0*15 ' 8*0 12 •0*28 •
s/»Za e 0*19 0*6 15 •0*08 •
SZ4/B8 c 0A0 3*8 16 •0.19 •
5/10/68 0 0*20 18*0 21 0*95 *

a
s

0*18
0*19

16*0
15*0

22
83

0*90 *
0*70 *

s/lsM a 0*21 3*0 24 0.13 •
bA<M 0 0*15 2*0 25 0*13 •



t&MS 11

Voltea Felerlslng ■ Oletanoe tetweea
■T«W* BleetrMee

■ a°0 velte ©b*
180 8800 . 8*00

Eleotret We. 3

Pclttipiiiag Field
■- - •: ir 

e<«*u
14.0

Fw Veftten Swfaee -

iMte Mage Sietaaee tor 
Ower 0«aen8er ■ 
Plate »w®d

■ ea.

Wleetlwe Ee. er 
Daye

oA

4AVk8 . 0 0.13 1640 0 •0,65 xlO*
*‘W 0

0
0.18

■ 0.18
88.0
85.0

1 1.10
1*16

e 
•

4A4M
4ASM

0
0

0,18
0,16

18*5
83*0

3 1.03
1.16

e 
•

a o.it; 81.0 i 1.10 •
/■© .0.16 ■ 30,0 6 1.03 e

o- ■ 0.14 :8.o 13 0.60 •
' 0 0.80 16.0 13 0.84 •

0 . 0.13 17.0 14 0.99 •
a 0.14 83.0 U 1.S2 e
O' 0-.14 83.0 16 1.82 »

^/sa 0 o.ia 19*0 ■ 17 1.12 »& e oas ' 13eO . 13 0,97 e
0 0.18 19.0 19 1.34 e

eZ 1M 0 0.18 12.0 80 0.67 •
e/sAa a 0.13 13.0 81' 0.94 •
6/S/ta8 c 0.18 30.0 82 8.10 •
6/ 4/68 O' 0.18 11*8 83 0*79 •

(88)



B«ng» Slatane® the . DefXeetl<m» $e« et 
toper ©leaner toje

?Mte Meved 
e»e ••e»u*
Far top Surf aee

‘•W e O«M M.0 0 •1,30 xlO
e Oeia 83.8 i 1.06 •
6 O»X6 10.0 1.13 •
0
@

O,1S
0.1®

M«8 
. 83.0

3 1.00 •
1.12 •

O'
<?

0.14
. 0.13

18,0
80.0

6
6

i.is ;
0.90 •

<^Aa 0 0*18 8.0 12 0.47 *4/84ZM 0 OeM 15.0 • 13 0.83 •
4A»/» 0 0.15 13.0 14 0.91 •
Mszea 0 0.18 21.0 . 16 1.23 •<1. O.H 28.0' 16 1.37 •

e 0.80 20.0 IT 1.06 •
o .■ 0.13 '13.0 18 0.76 •4/?o/aa 0 0.80 23.0 19 1.16 •e 0.80 12.0 20" 0.63 *8/e/ta 

WTa
ST 
0 
€ ■

o.is 
'OelS 
©♦to

2.0
30.0 
to.©

21
22
23

0.11 •
2.00 •
0.73 •

MS)



TABS m

< Eleetretn

leftiafcioii ©f* © W retie ©f CftmeuBe Wax iM iteeia 
with the electret being wer the ©pening in the radlim 

•hieU*

Seuree
X»OS ng ef ReAin*

Badlaticn ©f e SO^ rati© of Carnauba wax end Reein#

Time c<' 
topftfttHPft

Iffeetlve. ftharge ©n 
©laetret befwe ex» 
poewe

tffeetlve ©barge on 
eleetret after ex* 
pee we

Change 
in 
Charge

MMtee e*e«u* e.e.ti.

1 1*34 MO*® .• 1,34 M0wS 0.0
6 1<M * 1.34 • 0.0

10 le34. . • 1.34 • 0.0
IS leM ' * 1,34 • 0.0
eo 1*M * 1.34 • 0.0

-60 leM w 1.34 * 0.0
I (das') 1»34 • 1.34 * 0.0
8 (ftaya) 1»M * 1.34 • 0.0

Source Time ©f Expoenre

1*03 »ge ©f redluai 30 ftlnutee

S , When redift* wea.. 3e*«. .horitentally fwm., the 'electret*

Tlw

nimitea <

' htatanee the
Cpwr Ccmdewier 

riate*BeveA 
a*.

Befleetlw* oA 

e.e.n.
0 O^BO 18 0.60 xlO*8

30 0.18 IS 8.70 •
S3 - 0.80 ' 18 8.60 *

(S7>



Time Distanee the Opper 
Oonaeneer Plate 
moves*

Defleetlone oA

mlimtoe - ‘ am* e.s *u*
0 0*80 18.0 0*60 xlO*

SO 0*18 13*0 8*80 •
■ 3® 0.20 1S*O 9*60 •

6. toe*...1ihe elMt!«ii..w»*._to.«eeteet..irl.i;6..the nai™ tra*
KeBMJ.Bjr.9ti* :

Time Dlatanee the Ww 
Ceaaenaee Plate 
iwee®'

Defleetlens oA

eimtee am* < e«a*u*

0 0.80 18*0 9,60 xlO*s
30 0*18 13*0 8*10 •
ss 0,80 18*0 0*60 •

Seuree

1*03 »g* ef s«aiw
Time Oietamee the Opper

CwSeheer Plate 
wrea1' 

mlttutee ' em*

0*14
0*3®
0*18
0*14

Thao ef Kxposwe 

30 mlaatee 

Defleetteme oA

e*s*u«
13*0 9*30 xlO*3
11*0 3.10 •
11*0 7*eo •
13.0 9*30 •

3 . Wbea .the eleotret wee eeparaM fwe* the reditm hy 
’.. ■ , , ..-a,herieeatel. aietenee of/.3, em*

Source Thse ef Exposure

. 1*03 mg of Radlwt ' One Hour

(®a)



CM*

tt 
w 
w
•

lowered ia
tacunt the Charge 
wa» lowered ia

OoO e
0*9 xio*5
0.S
1,5

•5

CeaMrtnR the »»«•*

flat Dietaoee the 9>per hefleetteae oA
CoMewer Flate \

Bored
ataatee OB, e«e,8.

0 O.eSO 24,0 1,36 xlO"*8
• 60 . ' 0,21 17,0 0<S6 •

65 0,80 18,0 1,01 •
?0 0,20 22,0 1,10 •
W 0,20 21.6 1.20 •
SO 0,21 24,8 1.36 •

<* * o «» * • * a* * N* e e *

• -* *» * • * as * * SB
* • * d*. * ** * a* * W
* ♦ * 4* * W «► e * *■ «> ♦ • ♦
• w W 4» S* * ♦ d» W * * ♦ *-
• e * * e= * * e 4N1 * * *

<59)



tAM fill'fluWW*’ewt'M- -w WW

M^e»te<e nt 1-eUtiw Sei<lty

IKMte

AfU e 
■ •

w 
»

«.

w ■ 
» 
w

* • ■

w 
« • 
w

» 
M 
« 
w 
*
e ' 
e 
w 
*

• •

1. ' to

Say S tosM

*ay
a 
« ■ 
e 
* 
« 
*

» 
«
n 
» 
«

. • 
e 
«

'(30)

88
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3g
88

£S
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gS
g§

8g
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§6
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■ »

♦4Sd

eeXiWMim €wni ' ■■
X» ©&XiN*e^tim -ef' tw r#»ge

W 1*60

4* f w r«ge 0 'With mw tube

S* < MeetreaeMr tw Ck

•to®
*S50
♦S60
*ws
*s®>

SefXeetlwe. Veltege-

s 
n

N>(X0
>081.
*11S

10 ♦m
tfi wlOS
» ♦S4S
M wM® ’
40 mr
4> »WI
W >400

t» < lieetroeter tw amsg-e 1*
s '

xo •no
IS >80®
80 ' ♦seo
ta ♦S8Sao «wa
sa •455
40 •485
4S. ■ . •53©
so •410



. tAStt 3X ' '

S* SailWatlea < tleatreBeW tw 6 W -
a IwmllaX- acmdensw emtogteeat*

<y • MXMtItmt' f» ft
/yif * - wlte

©♦a xiB8 a e.o ' : liSft
14 SfteS - 8eS4
ft® . 4Seft. . n«aa
23»3 «7»S ' 17e9ft



fAM X '

luaOlty effeetn m tM •eailtivity*

& > Sefleetiwi oA
w*

U »

IT 4

♦teo xio®
*830 ;
,4S0 •
*850 *

<3S)



fimxl

•M Sleeteet ei^wea elr eely* 
JFW 39 MftttMte

ftae 1 SlgtaM* tM Ww qA
€^»wer wrnii 

8»e- •♦••«♦

9 telf X3*9 .73
M ©♦IT lie© •73 •
>9 ’ ©»XT Me© ♦73 *

fxil



NO sia 10X10 PE*? INCH THE FRc:LHiC‘\ POST CO CHICAGO



NO 536 tOXIO PER INCH THE FREDERICK POST CO CHICAGO ILL*



NO. 53B 10X10 PEAT INOH THE FRECER1CK POST CO CHICAGO. ILL-



NO. 538 <0X10 PER INCH THE FREDERICK POST CO. CHICAGO. ILL.





NO. 538 10X10 PER INCH THE FREtiERlCK POST CO. CHICAGO, ILL-
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FIGURE U

VACUUM TUBE ELECTROMETER CIRCUIT USED TO OBTAIN

DATA



FIGURE 13

ELECTRET OVEN ARRANGMENT





CSAPm V C ©no lug Ion

Hlal* lnve»tigetl©B baa shown that; the type ef electret# 

feswed depended en the eeB^esitlc® ud the eelidlfieaticn 1 

field* The..8Q5( retie ©f Carnauba'.wax and reeln yielded a 

reversal ef effective eharge thus producing a time elee* . 

tret* A mixture of Carnauba wax and resin showed a re* 

versal but occurred after a longer period of tine than 

for a W ratio* Alee the not differenoe of tM effective 

charge# of the two aurfaoea wa# smaller then the observed 

difference for the two surfaces of- an eleetret of 80^ 

Carnauba wax and resin •aapMitlone A pure eulfur electret
• yielded only a heterooharge with both surfaces having the 

ease aign of eharge but always the.' same surface ehewed a 

higher value of effective charge*< (All curve# were aver* 

age value curve# to' elininate the effect# of high humidity* 

the effect of high humidity on the •eniitlvity of the electro* 

meter.wa# found to be #erl©u#| a# the humidity Increaeed, 

the •oncitivlty of the electrometer decreased* Xf the low 

point# on the 1005$ iulfur curve are compared with the re* 

lative daily humidltlea it wa#. observed that the low points 

were present the .day after a hi^a In humidity, and as the 

humidity deoreiuied the apparent value# of the effective 

charge increased * hence average value curves for studying 

change# in the effective' charge were mde*) The SfiX
t-



' Carnauba wax aed 25^ reain showed only a heterocharge, 

' but showed a decay, henoe at a owe later tim it might 

show a reveraal but probably will decay to taro bocanae 

. Oernnt otatad that an aleotret will be formed in one to 

, fourteen daya* 1 heterocharge was obtained when a 60$ 

' Carnauba wax. and w aulfur rat io was wed* The pure 

Carnauba wax gave only a hetoroch&rge, probably because 

the solidification field .wed1 we not strong enough*

Qasm^reyw- cause the effective charge'or field to 

decrease, but the field recovered won discontinuing 

game radiation* M. effect was .not noted if the source 

of radiation was too we* (case 1)> bub gave the effect 

In all other cases * But no total disappearance of of*
- feet ire charge was found as Eguehl observed in the case 

of XTays* the amount of lowering depends, on the dosage 

roeolved* M electret was exposed to air only, and 

showed a negligible change in the effective charge*

frm the condenser calibration it can be correlated • 

that the electrets in t^r/b investigation are within 

the range of charge magnitude that other Investigators 

observed*

(50)
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