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Chapter 1 Problenm

Electrots wore only !mut_matad & fow years
8go, therefore the procedures, the effect and the
causes are not definitely establisheds Nost of the
investigation bas been ¢oncerned with the materiala
and methods which made electrets. BEub some studles
have been made to determine how dther phencmena
affect olectreta: Because this is & new fleld s
further gtudy would be of value.

This investigation was goncerned with the of-
fects of Aifferent somposition and redistion on the
electrets The project was divided fntos (1) Obe
taining charge versus time curves f£or slestrets of
difrferent compositieny {(2) ecuparing the type of
sharge obtained with time for various mixturesj and
{3) determining the effect of gammaerays on the charge
of aneloctret.



CHAPTER 13
Review of The Literature

The amﬁwiw of mmtm’éa 42 of twentleth sentury .
vintage with the Llret igvntigaﬁim‘mawm@ in 1926,
Flectrets are uuﬁmﬂw mmmm elegtrified di-
electrics, Eleotret propertlies are found in a\awﬁan
chemigal eompounds when they i subjected to an elestris
field while margamg transition from iimam %o 80lid state,
_ The investigators have been chiefly concernsd with the pro
duetion of elestreta and the messurement of charge density,
although some sorrelation mtswm. the slectret and other
phenomens hes been gmi@mﬁ. In general the research pere
talning te the field 1s limited and the theorles involved
vary between investigators, therefore the frults of lltera~
ture seargh ars lean in pature. |

In 1988, a Japaness named Itmhxi at the University
of Tokyo, while studying dielectrics observed a definite
. type of phenomenocn maw&ixg. carﬁam;wma in the m:lﬁm
‘state wers subjocted to an eleetric f£ield of 10 XV/om and
allowsd to remasin under the influense of the alestrie £ield
vntil the waxes m:ﬁp in the s011d state. A ebarge wes
found indused 1n the waxs The upper surface of the wax
had an opposite sign of eharge than the lower surface of
the wax. Eguohi observed the value of the sharge on esch
surface over & period of time, snd found that with time the
slgn of the surfacs charge for each face reversed. This

1 J.¥. Bguohy, "“Eieetrétq’, mm; Yage w,mxr {1928)



reverssl of charge with time was the phenomenon that
‘elassified whether or not an sloctret was formeds Ee
defined mn electret s a waxed dielectris whieh had the
above propertys A mixture of M sarnauds wax and 50%
rosin gave Eguchi s reversal of charge effects The followe
inz detalls ‘mw how he obtained the product called the
electrets The 80«50 mixutre was heated to & moiten state
and poured into s ple sbaped tin pan. 7This pan served

a8 & bottom electrodes The object was te 'plaéq the molten
wax between two slectrodes and spply sn elestriec fleld of
auérietonﬁ strength until the wax haed become so0lid and
sooled to room tmpomwrm The nmwr electrode was & oire
cular tin disss To measure the charge introduced upon
the surface of the elestret Eguehi nsed anvelectrometor
arrangement where the electret was placed Detween two sone
denser platesy snd by lmw-m< the upper condenser plate

" onto the hmma of the alwtﬁt then raising it rapidly
& deflecticn wais noted on tkm alaetmtar. hence the surs
face charge sould be mmmsmm #is amawat&m was that
& charge of one t6 ten #490ta peor en? would be obtained,
The initisl eharge plsced upon the electret decayed with
time but o ahara'e' of opposite sign appeared and grew to

8 m.tmm value within the range mtwwm to above which
showed no sign of ﬁwu ss time went one. The decaying
eharge was the Mbwwmm and the permanent gharge was

G



the homocharges
Eguchi studied the mction of X~rays on Elestrsts

to determine whether or not the fleld was destroyed.
Eguehl ttgtm.lmﬁ X-rays csused the fres charge te
- diseppsar for a finite period of time but always the
full value of the free awsﬁ-ww repalneds The rate
of vecovery of the free charge was influensed by the
time of exposure, the nature of the Xerays® and the ine
tensity of rayss But under any sondition when the free
 gharge had vecovered it was found that the surface '
donsity was at the same value as it had befors exposures

Eguehi tried seversl mma of exposing electrets to Xerays,
" In one ¢ase the Xerays were ‘”m in 'tm direction normal
to ;‘;M surface of the éifa-a shaped electrets This was te
sllow the Xerays to go through the dlelestric materisl,
In another case & lead band of suffisient breadth was
used to protect the slectret rm?u the rays at the edges,
bence the Xerays would enly pess along the dlss surface,
thus tho rays mh sut off and would not go through the
dielectric material, which was merely grageds But in both
of the sbove cases the effect was the sames that Veing a
ndnatieh of field z;allmd by & spontansous FecOVerys
The digeppearance and recovery of the free charge might
be explained on the view that the ions in the air pro=
dueed by the Xerays mﬂ gaught by charges of cpposite

B gote that Eguchi dcesn't explain what 1s meant
;y "naturs of the Xe«raya®" other than saying “soft®
wTRYE .



 algn on the electret’s surface, and when the Xersy source
vas discontinued lons fly off, hence the charge muppmrmf”
This ﬂﬁm off effect was eonaidered to be csused Dy the
kinetio energy of mﬂaﬁmnpp%tng the sleotrostatio ate
traction, The ',mammw surves very nesrly oboﬁr the exe
ponential law. A small difference in the final surface
density of the two surfaces m prodably caused Ly none
| m&twmﬂy of the a!.wwarimﬁw near the rim of .tm
electrets Egucki also noted that scraping with a kmife
or putting s bunsen burner ﬂm to the surface of an
‘ ol@tmt{ producsed temporary dissppearance of charges
 Adamsmade the £1rst attempt o explain how slese

trets were formeds Ee stated the slectrification was not
truly permanent bubt decays ‘uxr.mrly to give rise to a free
charge. .;i'iau m;a mml on the pyroslectrisc ﬁt’x‘mg where
& orystallising substance, such ss quarts, appesred charged
on e %mm&wu elmm but wes m' longer oharged as the
eriginal tumn’cm wa# reached. Agccording to Lord Kelvin
the charge was only ypermanent if the conduotivity of the
cryatal was geros But the value of the polarisation sn= —
tire f1e14 would not be great emough te furnish the dee
sired effect even 1f all the dipoles wers sompletely in
alignment, thwétm & plezceleatris effect must exist.

’ E;ﬁ Adama "0n Rlectrets™ J, Pranklin Inst, £04,
| 469 (1927).

()



Andrew Gemant®set out to dlsprove Eguohi but
found the following gonditions to exists. Elsctrets
wers the elasctrical snalogus of permanent magnets.

The field haa boen maintained and the free surface ‘

- gharge mmuma sonstant wlm after tha azing ef~
fect mly u they were kaxat uhwt Mrwittdl end in a
ary state. Hls vbservations mw m.; with a set up
similar to Egushie Oemant, in stpdying the aging efe

- foct of uue%mtﬁ found m possible chargss to exist,
'4%3 had the oppoalite sign of thﬁ aaxmmﬁ polarising
eleatrode and known as the mtwm@ which was of
short durations The seeond type of charge had the same
sign ss the adjscent polariszing electrode and 1s Xnown as
the bomogharges This charge increases with age of the

~ slectret, whereas the first charge decays with ages Xe

oons s.aam the homooharge final value as pmhnbiy |
niuabh method for exploring the strusture of organie
maoguhu Asidie muqriﬂt produce hshrmhugu. while
none-disscolating dipoles materials, amafly uiem, lead
to the steady homosharge, The heterocharge was eonsidere
ed an icnle effect where the ions were captured by the
s01141f%cation of the melt and remnin for e sertaid pericd
of time because af the very low conductivity of soclid wax.

4 sndrew azmg)'smzmaﬂ Phil, Fage 20, 929
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This was bellieved true for the positive fons only

in the apace confronting the cathoede, whereas the

space charge sonfrenting the anods disappears 1% rme
Lomocharge was consldered to be saused by the none
disecolable ecmpenent of finlite dipcle momenta. This

was supported by the fact that malinly cumpounda of

~ esters and alohols showsd homocharge properties.

Further data to support the theory of Jement were that,
amerphous media bsd erystalline mucleljy and normally
disordered orystallites ntumﬁ orientation in the
presencge of an electris rm&" 'z’e ettaln the arlmtod
mpolu & very kard wox 19 mquim&, (such as Carnaube

| mxa) 'mac Gemant toneluded that a puswuatrzu el
feot must exists (Outmannstates that this desands
quadrupeles to be formed in the eleotret, bubt soft wazes
wéﬁmm‘t elaotrets, hence the theory doesn't geem te hold,
Alse Gemant's theory can't explein dlscharge currents obe
 gerved by other m«sumt@ru'%’w )?

4 P. Jooger, "Spacecharge measurementa in bLeeswax
during sclidification and in the sclid state"
De Physik Se210481  (1934+385)

'@ P.he Thisssen, A, wmm and Ko ﬁamxm *rlectria
After Effect in mxmma Dielectrics” Physik Zelts
37,811 {1938) ‘ -

© OCutmann "The Elbet” | Rove Mod, Phy, £
457  (1948) ,,

17 ¥. Bwing "Xeray Diffracticn of Electrets® Physe Reve 38
e, (1930) . ' ‘

21 A« Tupsin and Xe Durepsire "On Electris Charge
Developed in ecortein Amorphous Dielestrics wunder
Application of Pressure” Chem, Rey, 189,739 !1929)



Gemant further stated that the degres to whiech the mixe
I'Wa hnd boen atmxmd w&xua malmg, or the eooling
rate wuw utftot the yalue ar ‘the homosharge but
Mx-mﬂmﬁa mmﬂa& only a umix Mnmau !.n gharge
denaity with lmagw sooling t&mau

M, Twing 105 ¢udted the X-ray diffraction pattern
of tuctmta. Ko found four qmnﬁvm rings rhtch
pelnted mﬁ thet there was @ryatnlum atmtmq
| whs.ancn, ﬂnkni, and Eamma propossd the 3dea
that the difference in sonductivity in dlelectrics im
the selid and 1iquid states was partly responsible for
the effects The electret whish exhibits ths heterce
charge :mauaiuon high w&iducﬁﬂtyg whereas it was found
that the homocharge tm of electret exhibits a lesser
dmrn of wadwtiﬂtn Thiessen used tha ¥ikola tedle
{see page I12) to form his thoarn 'I'hiusm assumed
| that in 1iquid stats the wax ezﬂxwita internal polarisase
ticn tuilding up the space charges As the wax changes
to 503.14 state the aign of the surface charge would
reverss, dus to a 4ifference in the ecnductivity time
oonnzaneau"wa»nuth@ wax #011d1f1es and is st1ll under

6 P.ds Thlessen h wmkal and Ew Herrmann “Ehotrta
After Effect in Solidifisd Dielectrics* Physik Zeits
37 ,33.1 (1935 :

10 ¥, Fwin ”x«ruy Bittrmmm at‘ mwtmts' Physy Rev,
" 36,978 ®11030) .

9 Gutmann"The Electret® | Revs ¥ods Phys
20,457 (1948) (8) '




the influencs of & high electric fleld the following
process should ocecurs A dlelectris ah&rgw arises
from elther the inwrraaen ‘b@twm the wax and eleg~
‘trodes or eomes from the elsctrodes. This process
was defined as external polarisstion. ¥o homoe

- gharge would be prodused mn the polidification
£101d was below 10 X.V./em. beoause that would be
the threshold value for dislectrica charges to be
‘formeds (But this theory a1d not explain the meed
fm" the short eiroutt to pressrve amgé, sccords
ing to Gutmani. )

Groetsiner” stated that shorting leads to an
scoumilation of tharge on the ihwrm: and when
than were removed the volume awgo mnmarm e
tha electrets were allowed to remaln whaﬂod 1t
 was found thet on the surfece thers will bs an RO~
cusniiation of sompensating charges, which form e
_sereen around the electrets Electrification in the

slectret ia probadly dus to a shifting of gharges
until sopensating ebarges have asowmilated on the
elootret surfacess Under this condttien the valus
of the mm&utg& bixang» im sufficient to gcancel
the field causing the volums p@immzm

8 E.Jri and Groeteinger "0n the Liberation of Energy

in the Remelting of the mwtmt* Physik Zeits
857,720 {1938}

9 Gutmans®The Fleatret®  Revs ¥od, Phy.
£0,457 (1943)



Gross’ proposed sn sbsorption concepts Ko

stated that with a rise in temperature the time
rate of um:-glng and au@hnrgma mmlr tn»
crenses in a atohutrim wazm were found to bq
‘ubaorpt!.vg dielectrice. Ie wes tmuaibh w_ mrgs
awp‘.lwaxy # mﬂmw%«; at roonm h@aﬁtm, hence
an elevated Semperature wes needed. The decay of
eleotrification was probably eaused by external and
internal sonduetien within the dlelostric 1tselfs
"I the noted mulm-@e umnm mveued, thon the
internal ecndustion atraeum had chenged: He sone
pldered that ocnductlion surrent in the interfaces
between slectrodes and dlelectries preduced the homow
gharge whioh later spray into the slectrets Carnauba
vax, having a long 1ife dlelestris eonstent, gave the
appearance of mung & sonstant charge.
_ mnt Gocd and J.De Mmmna mede a study on
ths method to inprove the maikting of electrets. m
following methods and amluim vere reached by
them, The behavior of wmmnt alcetﬂu bas been
mm to aapma upon thu kinds end relative amounts of |
7 Ba Gmu and L., mmard, 'nummu and Temperature
Effects in Carnaubs wx" Phy, Rev,
67,283 (1945)
3 Wl %@4 and JeDe 3tmatm *Improved Nethod of
Faking Permanent mwtmu and FPactors which

Affect thelr Behaviour® Phys, Reve 56 bp am«»éia
Oots 15, 1039, _

{10)



materials in thelr compositions Alse the strength of
the nhﬁrio'tiom was & fastore ﬂuﬁm t0 be the
most mwabh element to form alm‘kmm from because it
showed lnn evidensce of nhcwwhmiml sctivity than
cther mta& trieds The two tlmtmﬂo& and wax gombinee
ﬂon was placed insids of & sealed sontainer which was
imram'm an o1l bdath (acﬁpcratm oontrolled)s The
temperature was maintained at 90°% for the first
twenty-four bours, and then the bath was allowed to
sools The slectrie fisld was applied when the bath
had cooled to T5°%. At 24°C the 1014 wae removed
end the elestret taken out and messured by an eleotroe
meters The fleld was not turned on at 909 because
the resulting elestrets would eventually oracks
Stranathen noted that the time of eross over of the
#ign of the charge increased as the terperaturs to
which the wax was heated initlally was increased.
tsw made an extension on the Nikels table
for the elassification of nlwhmtu The f:ubh a8
wtamtod follews; (ses Mxt page)

. 9. Gutmeann "‘X‘M Elestret® ' Rave of ¥ode Phy,
20,457 (1948)

(1)



SBubstences capable of permanent volume

Polarization
ylelding Fetsrocharse Only  Yleldinz slse Homocharme
1; Acidie Groups (1) Carnauba Wex
2) OGlass ' 2} Becawax
3; Resin ' 3) Polar Hydrocarbons
4} SBulfur 4! TYoters
5{ Aleobols
€} Asphaltos
Substance Olving
Surface Charpe Only Xo Permanent Charpe
1} Cetyl Alochol 1} Paraffin Wax
2) Cetyl Palmitete 2) Palmitiec Acid
3) ¥HonePolar Hydrosarbons 3) Btearie Asid
4) Btearanilide 4) 1+8 Dinitro-naphthalene
{5} BSeekey wax

Hote that some subatances ylelding ﬁgtwoummn only

. are oapable of permansnt volume charge as stated by the

table, but Gemant says heterocharges are of short durae
tion, hence & difference of opinion on the word "permanent”,
A simpler typs of oven to make slectrets in was proe=

posed by Edward mxmwm(ma detalls of his method are
discuvased besause s modifigation of his method was used

in the present investigation.,) His oven conaisted of
a transits box with wire heating colls en all four

12 PRdaward ?aﬂgaw "Improved Electreta®
Radio Flectronics April 1949 pp 2023

Gz)



walls and shielded with an outer jacket of transite
having the two separated by a @ayw of rock wool ine
pulations 4 small trensite support wag placed in the
oven gavity which serves as an electrode bolder, The
lower eleotrode was & eireuler rimmed brass eup of

40 ms In dlameter, and the upper electrode was o flat
brass dlse of 25 pms in dilametere Both slectrodes
wore coversd with tinfoll to produce s eommon pair of
elsotrodes« The heating eoils on the oven walls were
gonnected to a Varise te sontrol ths rate of heating.
The high veltage terminals wers placed on the inside
of the oven iw that they may e sonnscted across the
elegtrode pair by use of elip leadss The high volte
agoe source was a 3000 vwolt D.Ce power supply. m
oven was heated to 110%C. and then the wax mixture In
the molten state was poured inte the lower electrode,
¥hen the oven bhad gocoled to S0°C the field wes applied.
At room temperature the fleld was removed, and the
sloctret taken from the ovens For & keeper the elege
tret was wrapped in tinfolls, Padgett used a gold leal
Lindemann electrometer to msasure the gharge, He

used a mizture of 45% Carnsuba wax, 455 Resin, and
310£ BEthyl Cellulose which he claimed gave a higher
surface charge, but his mezimum velus was 4 ¢.8.0./crs
es compared to § mum/«mg ebtalned by other investis
gators.

(13)



Chapter 111 Diseussion of Pauipment Used

As Oven for Faking Fleatrets
The oven was made from sheets of 3/8 Inghe

thick Trangites The ineide dlmensions ¢f the oven
wers 4 inches by 4 inches; and @ inches highs The
walls of the oven were held together with 3/4 ineh
right sngle drackets using two bLrackets at sech gore
ners A Slg-gsg set of holes were drilled in each of
the fm oven walls, eand two bindmg poats were placed
in cne of the oven walls 3/4 of an ineh from the botw
toms This served as & framework for the heating element,
For the heoating element No. £8 Eichrome wire (4.25 chme
per foot) was usede The two high voltage terminals
were in opposite oven wallse. These were the right and
left walls with respect to the wall pontaining the heater
binding posts The oven was placed inside sn outer
Jacket of tranalte dlmension of 1) inches by 11 inches
and 8 3/4 inches bighy Between the Jacket walls and
the oven walls the space was packed with rockwool ine
sulations 4 readio nsutralising condenser was adspted
for use as the slectrode support since 1t formed a
ohair for the electrodess The upper plate of the neu
tralising condenser m out to 2 oms in diameter so as
to bs used for en upper slectrodes, The lower slectrode
was & sircular tin pan of 2.7 ems in dlameter and & mm,

(L))



in depths In operation the lower eieétrodc was placed
on the lower plate of the neutralising econdenser.
Aluminum foll was used to wrsp the electrodes thus
produsing a eommon metals The lower electrode made
direct contact with the negative high vwoltage terminal
and the upper electrode was am&éma to the positive
high voltage terminals For the high veoltage acurce

a high voltage transformer with one gstage rectifioer
vas used, The source furnished was pulsating D.Ce

The voltage output of the transformer was gpontrolled
by lowering the input of the transformers A Volte
meter was placed soross the slectrodes, An oven top
of transite was mades To¢ indicate the temperature of
the oven, a thermometer was inserted through ths oven top.

By Yeourm Tube Flestromater.
| A Bpecial vaouwrm tube electrometer and glreult was

constructed, the details of whish {ineluding operations),

" are yeported by Jo3, Pappas in his masterh’ thesis to the
Univeraity “, Bouston 1952, This instrument appears to

be more satisfactory than the old fashioned® slestrometers

(18)



Chapter IV Procedure

The oven was heated (ses page 'Y )} %0 110%

by means of 8 Verise to ecntrel the heating rate.

The material was prepared to make slectrets by

srushing end melting & wax mixture to wa"a. The
molten mixture was poured inte the 4lsh shaped lower
slectrode ‘um& the upper electrode was lowered until
gontact war rade with the liquid surfeces The slectrede
econbination was then pleced &ntoc the oven and the
systom rebeated to wa%.. and then allowed to ¢ool,

4n slectris potential of 2800 volts was applied scross
the electrode palr when the oven temperature had reachw
ed 90%. At 50°C. the petential was removed. The elestrets
were removed and wrapped In aluminum foll keepers end
stored in & deslccater for future moasurements The
following mixtures were used: B50% ratic of Carneubs
vax and Reaing 75% Carnsuds wax end 25£ Resin; 853
Carnasuba wax snd 75% Resinj 100% Carnauba wazs 100%
Sulfury and 80X Sulfur and 60% Cernauda wax.

Electrets were m“mﬁ by the unse of the vaouum lube
eleotrometers The electromster was set up as followss



{1) the filament ¢urrent was tMM on and adjusted to
10 Ma.y (2) after the filament eurrent bad been applied
for E0 minutes the ph;ho amt:;t was turned on and ade
justed to 100 4a, by use of Rgs 20 that a deflection
in either direction can be determined,s balansing eire
cult was used, henoe the serc position of the plate
moter wm“,umaa to enable one w'mum voth signs
of uhargu See J.3+ Pappast thaait for douih sone~
Mming t!n Qhawmttm Before the olmtm‘kw
~ was used the plate purrent meter was ¢alibrated in
torms of volts. The mlibratim war sccomplished by
ttw standard Xmem end ﬁmm'up potentiometer method,
The uhwtmt was placed between the am'mm
plates of the elestromebers wWi.. ii: i WITm it
The upper guawm was 3,mred m to zht aloatmt*t \
surfeces The elestrodes were ahm ammttd and
then cpened, With a rapid motion the upper elsetrods
was reised, Mﬂa poaitions of the mw ilwtm
and the m&m m.m in the phhq wrunt was ro-
uox-d.a* By :ixs.ng the Matmo the elsctrode moved,
and the dlameter of the am&emw phtca, the upacuy
of the condenser cmbmmm wos aomtmh Then by
maamg the wltage from the aaubmtim surve, the
proportional charge on the cimtxmt wan gnlculm&od.
The effective chargs on wg electret was measured

a7



over & pericd of time in order to determine the
shanges with reapect to tm:
Cos Prgﬁdm'g for Gmaﬂmz s&mx

A souree of 1.03 mge of redium was used for
the gamme~ray Sourcss The fellowing types of exe
posures were Gseds {1) electret dlrectly over the
opsning in the shield of the radium scurse, hence
meking the redium & ome from the electret; (2) with
the radium sourece unshielded suspended vertically
above the electret at & dlstancs of 7 wm. x {3) with the
redium source unshielded suspended hwzﬁmtuny above
the electret at a dlstance of 2 en.y {4) with the
radivm tM« mM@Myﬂ and dirwtly en the 01»§Mt‘m
surfaces (5) with the radium source wmabielded directly
on the slectret btut with the electret wrapped in a foil
keepors The time of ixpmwﬁ vas 50 minutes, except in
case {1) where the study was from one minute So 48 bhours,
and in case (3) where one hour was used alsces At the end
of each radiation pﬁeriod t.ha value of the urraetivo
mrgo was measured and at ixztawah thwnrm to dee
Mm&m the aflect 01’ gamnmxt on m slectrets The
electrets used wers a 50§ ratlo between Carnaubs wex and
Resing

(18)
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80% Carnsubs Wax and W' Fesin

| S | Electres No. 1
‘Nolten  Polartsing Distance Polerising

Tonps . potenbt Botween FPlald
Electrodes et /o vt
Q%u volts 8k Vel eWle
180 - R500 294 9.18

For Bottom Surfece
Date Range Distance the  Deflections Nos of  Q/k

Upper Condenger Days
Flate ¥oved ,

.37 4 ‘ : ' TN 1 TS

4/18/52 ¢ 018 - Bl.6 0 -1,20x 10
4/164/;& ¢ 0.13 22,0 1 0499 ‘}
4/27/53 ¢ 30 1'% | S . B33 2 «0,88 ®
458/52 ¢ 014 . 4.0 3 “(,11 ¥
F ;5/33 e 07 A - 8 . OB »
4/58 ¢ 0,19 S U 9 087 *
4/25/63 ¢ Q.14 T B0 10 - 1.80 ¢
4/28/82 ¢ . 0,18 19.0 31 . 1,33 ¢
8/21/52 ¢ 0.8 25,0 12 g,08 *
e/e8/o2 ¢ 0.17 . 800 32 1.2¢ °

For Teop Surface

azs/m o 0,18 £2.,0 0 1,20 ¢
4/38/52 ¢ Oel8 - B3.0 1 1,24 °*
/52 © 0.17 £3.0 2 1,10 *
4/38/52 € 0sd5 ' 20,0 8§ 109 "
&/23/52 ¢ 0.8 8.0 o8 w080 ¥
4/04/52 ¢ 0.8 C T 1840 9 w0.,04 ¥
4/28/62 ¢ 0.24 £0.0 10 «1,08 ¢
4/26/52 © 0.13 18.0 11 el22 ®
/21/82 ¢ 0,16 23.0 12 el.82 *®
@ 0.14 : - A0 13 el.28 ¢

(19)



Moltm'
' 'i‘omp.

0%,
100

Date " Range

| TABLE 11
76% Carnaudbs Wax and 25¢ Resin

Q.18

Distance

{20)

{ Top surfece for Table 11 on next page )

Electret No., §

Polarising Polarising Pleld
paertats between Top Taem M
Blectrodes
volts 3 - GaBele
3300 2.15 20,08
For Bottom Surface “
Distance the Deflections Roe. of Q/k
upper Condenser Days
Plate Moved -

13 T BBy
¢ 0.15 0.0 0 2.1 x10™°
¢ 0.3 27.0 1l 2,88 ¢
¢ Qed¥ 28,0 e 1,68 ¢
@ 0418 18,8 3 1,18 *
¢ 017 16.0 4 1.8
¢ 0,18 13,0 B 0,76 *
¢ 0.19 . 8.8 8 O.47 ¥
(o] Q.18 4.0 7 0.2 ¢
] 0.22 16,0 8 0.7 ¥
4 0.13 13.0 10 0,80 ¢
¢ 0+20 10.0 11 1.06 *¢
o) 0.6 5.0 13 0,33 ¥
¢ 0.)8 21.6 14 0.8 ¢
¢ - 0.1% 20,0 15 184 *
4 0.18 17.0 18 0.80 *
¢ Ce24 %0 18 0,33 ¢
1+ 0,19 4.0 19 D.22 ®
¢ 0.17 20,0 £0 0.2 ¢
¢ 0.18 5.0 o2 0.4 ¢
¢ C.18 4.0 24 0.2 "
¢ 4.0 £0 0.2 *



TABLE 11 {oonts)

For Top Surfece

Range Distance the  Deflsetions Wo. of a/k

Date
Upper Condensoy . Days
Plates ¥oved
- PN 1T Iy ™
»$
4/28/82 ¢ 0.3 0.0 0 «0,73 zxo
Viadt 0 017 21,0 1 ) 02

8/52 e 0.6 34.0 8 «2.24 '
9/52 ¢ 0.19 1840 - «0.,89 ¥
/30/52 - © 0.20 £2.0 4 “D,83
&8/ 1/82 ¢ 0,13 9.0 5 «0,73 *
g/ /52 ¢ 0,18 4.0 8 «0,28 ¥
8/ s/52 ¢ 02168 440 7 0,08 ¥
s/ e/62 @ 0.20 12.0 8 O, 74 °®
g/ e/58 ¢ 0419 10,0 10 G2 ¥
s/7/62 ¢ 0.21 5.0 11 «0,28 "
8/ 9/82 © 0414 B0 13 0,37 *
g/1o/se . ¢ C.l8 £2.,0 4 )72 ¢
5/11/52 ¢ 0,20 £6840 15 ~1,82 *
s/12/52 L+ C.19 185.0 18 0,84 ¥
8/l4/52 ¢ 0428 4.0 13 0,17 ¢
B/1s/sa ¢ 0.19 4.0 19 0,88 ¥
aﬁv/m . e .18 15.0 20 «0,88 ¥
8/19/58 ¢ 0.18 3.0 22 w018 *
s/e1/58 ¢ 1Y 440 - 24 o4 *
Blesfez  © Oul17 440 £6 0,24 *

{21)



TABLE 111
5% Carneubs ¥Wex and 75% Resin
| ' Fileotret o 8

mﬂm ?&miam - Distance Polarizing Field
Tomps retednl . Batwaen T Cernvc T,
‘ Elestroden
' Gaﬂa ?ﬂlt& ‘ | Oue ' Ba8etia
235 3000 © 8.08 $473

For Bottom Surface |
Date Renge Distance the  Deflections XNee of Q/k

pper Condenser Days
Plate Xoved
L5 P . Valsly
s/esfiz ¢ 0.18 5240 0 =185 x10™°

4599/59 e 19 1) 13,0 3 -0.,88 *®
8/ 1/53 4] Oeld 840 3 «0.,60 ¥
- 8/ 8/e2 ¢ Q16 2.0 4 «0.190 *
s/ 8/58 ¢ 0,18 8.0 8 0,21 *
8/ 4/52 ¢ 0.18 4.0 & «0,08 ¢
8/ 8/s2 ¢ 07 245 7 0,82 *

8/ 8/52 ¢ Q.18 0.0 8 0400

8/ 1/62 ¢ 0.4 : 0.0 ® 000
8/ 8/52 ¢ 0.8 2.9 10 D8 °*
B/ o/52 ¢ 0,18 14.0 11 0,03 ¢
sfac/sa ¢© IRV 14,0 12 0,03 ¢
B/11/52 ¢ 0.d8 : 15,0 i3 O.00 *
8/iz/e3 ¢ 0419 350 ad 0.3 *

For Top 8urface

4/28/52 ¢ 0,18 24,0 0 .88 *
e/29/68 O 0.13 , 2040 1 1.62 *
8/ 1/s8 ¢ 0416 | 18,0 s 1.08 *
8/e/se ¢ 0418 5.0 4 058 ¢
8/ 8/63 ¢ L+ 1% § 7 6 040 *
8/ 4/58 © 0417 13,0 é O.81 ¢
8/ &/82 - ¢ 018 4.0 7 027 ¥
8/ 6/s2 ¢ 0418 240 8 0.27r *
8/ 1/58a ¢© 0.18 040 9 0,0 *
5/ 8/82 o 0.8 13..@ ﬁ 0.03 ¢
g/ o/ o .18 10,9 0,867 *
/10/62 ¢ 0418 1240 12 0.,80 ¢
8/11/52 ¢ ST 12,0 13 0,71 ¢
&/12/82 ¢ 0,18 70 14 0.,88 *

s )
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TABLE IV

50% Carnauba Wax snd 50% Sulfur

. Electret Hoes 4
Distance

-1 31

© Polarising Polariging Fileld
o Petedul Between s v e
Eleotroiies
velts ), e  @sBeYe
©' 8000 0 T 78,04 9485
- For Bobtom Burfase .
Range Distanse the Deflections Bo. of Q/k
Uppar Condenser < Daye
Plate Noved
S8 . Ss8slln
¢ © D.28 - 8240 o 1,08 !3.0”8
0 0.18 B0 8 Ou87 *
o} v DeR8 - 20,0 4 D.98 ¥
e - Qel6 <1840 b 1,08 *
G + Oald - BeQ 6 0,82 ¢
[+ < D420 © B0 7 0.1y *
¢ S+ % ) - 312.0 9 Q.83 ¢
[+ 0.18 870 - 1+ ] 1,80 ¢
¢ 0.8 19,0 11 125 ¢
¢ 0.20 19,0 12 1,08 °*
44 Oed? 3.0 13 0,19 ¥
¢ 022 1.8 314 0,02 *
¢ Oel8 14.0 18 070 ¢
e Q.18 £,0 18 O,z °*
¢ 0el? 1.0 7 0.6 ¥
Por Top Surface
g «18 83, L+ 0,70 %
L+ 0.18 2.0 2 0,07
+} 020 1240 4 w087 *
1+ D20 9.0 8 w047 ®
@ ﬂ.&ﬂ ﬁhﬁ 6 -»0..00 »
¢ 0.22 Ol . -0,03 ¥
o < 0.15 1.0 e 0,07 ¢
¢ 0.19 " 7.0 10 w39 ¥
¢ 0.4 B0 b5 A «Q,38 ¥
¢ - 0228 2.0 - 12 0,00 *
¢ 0.20 0.0 13 0.0 .
¢ 0.20 048 14 0,08 *
¢ 0.18 3.0 18 QL0 *
[+} 0.20 040 18 0.0 "
¢ 0,10 0.0 A7 04,0 b



Polariging - Distance between Polarizing Pleld
i ™ XV . -Electrodes Tam ¥ v v rng
ST ‘
volta Oe Be8 %y
1500 .30 5445
Por Bottom Surfece
Rangs Distance the Upper Deflections Ne, of Q/k
Condenser Plate Days
Hoved. . :
LRy 8840

8 0418 2440 0 «1,08 x10™2
¢ 0.7 540 5 Q.31 ¢
¢ 0,19 12,0 4 0,67 *
] Cel7 £040 8 l.2¢ ®

¢ D413 £3.0 ® 1.87 ¢
¢ 0.27 20,0 10 l.2¢ ¢
8 Q.16 7.0 11 0,49 ¥
¢ 0.9 18.8 e 1,08 *
e 020 11,0 18 0.80 *
¢ 0.20 12,0 16 0.83 *
L+ 0.23 18,0 £} 0.83 ¢
¢ 0.20 £0.0 28 0,99 *
g 0285 19,0 £3 0,80 *
¢ 0.20 6.0 24 0351 *
¢ 0.8 5.0 86 0,33 *

Por Top Burface

¢ 018 22,0 0  «1,03 x10”
¢ v % | 7.0 8 «0,43 *
g 0,19 12.0 8 D6 *
¢ 018 34,0 8 0.8 *
¢ 4% § 4 8.0 ¢ 0.0 ¢
¢ 0.18 8.0 10 D22 ¥
¢ Q.17 1,0 11 D08 *
¢ \ 016 8.0 2 «0,86 "
¢ 0.18 Oub 18 =0,08 ¥
¢ 020 3.8 e w010 *
v} 0.20 18,0 23 § 0,08 *
+] 0.18 16.0 22 0,80 *
4] 019 15.,0 83 0,70 *
(4] 0.81 . 3.0 g4 0,18 ¢
¢ 0.16 2.0 "

TABLE ¥

100% Carnauba Wax

S AR

Electret Mo, 8

28 0,13
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TARLE V1 (ecent,)

‘Date  Rengs Distance the  Deflestions No. of  Q/k

Upper Condansor Pavs

Plate Moved ‘ ,

o Gxe , . : L BefieNy

’ For Top Burfecs ,
s1/se ¢ 0,18 - 25,0 0 =1,30 x30"2
aﬁn/ﬁa ¢ 0,18 £3.6 1 08 *
4 3/&@‘ 4] 0.l8 18,0 e 1.13 "
%&/w e 018  10.8 3 1,00 *
4/18/53 ¢ 0418 ‘ - 23,0 4 .12 *
4&&/% ¢ 0414 19,0 6 1,13 ¢
4/17/52 ¢ 0,18 20,0 8 0,90 ¢
&/23/52 ¢ G.18 8.0 12 Q.47 ¥
tgafm ¢ 0.19 15,0 13 0,83 ¥
4 5/% +} D.18 13.0 14 0,01 “
4/28/52 ¢ 0.18 21.0 18 1.3 *
4/2n/82 ¢ 017 23,0 18 1,57 ¢
4/28/52 ¢ 0420 » £0,0 17 1,068 ¥
/52 © 04138 13,0 18 0,76 ¢

4/30/52 ¢ 0420 22.0 19 1.8 *
8/ 1/52 ¢ 0.20 12,0 20 0,63 *
8/ 2/52 ¢ 0418 2.0 21 0,11 *
a;a g2 ¢ 0.18 80,0 22 2,00 *
Bfs/ B2 ¢ »

Gq@ﬁ ‘ 140 3 Q.73 |

(2¢)



TAELE V11
Fadlation of Electrets
Radistion of & £0% ratic of Carnaubs Wax and Resin
with the slectret Leling over the opening in the radium
shield, |

Source |
1403 mg of Redium

Time of Effective 'mma on Effective charge ¢n Change

Lxposure electret before tx«- slectret after exe in
posure posure Charge
winutes Ssbelly GuBely S8V
‘ wl =g

1 1434 %10 ’ 134 xm 0.0
& 184 ¢ . .7 ) Q.0
10 1.3¢ © 1.&4 " 040
18 1.4 % 1.34 . 0.0
20 1.3¢ ¢ : 1.34 ¥ 0.0
te 60 10“ ® 1 &M » a .0
{ﬂﬂ?} 1.34 s 134 . 0.0
days) 1.3¢ * 1.34 * 0.0

Esdiation of @ 50 ratloc of Carnauba wax and Resine

Source Time of Exposurs

1,03 nge of redium 30 minutes
T ime - Distance the Defleotions Q/k
Wp v Condenser
Plate loved
" minutes emy Ba841y
0 0.0 18 9,60 x10°3
30 0418 : 15 8,70 "
35 A 080 18 .80 M

8 _When radium was Bom. horisontelly from the electret,

(&7



Time Distancs the Vppox- “ Deflections -k
Oondenser Plate :

. moveds
minutes . ' Gite - QeBalle
0o 0.20 T 18,0 9,60 x10™3
30 _ 0.18 . 15,0 8.80

- 86 0.20 , 1840 ‘ 9.60 '

Time Distance the Upper mflec'sim a/x
, awndamw mw

Source ; | j | Tine of Exposure

3.,63_ nge of Bmimm ' : 30 minutes
Time ‘Distance the Upper -~  Deflscticns '
Condenser th‘ba . e
. noved .
mninutes elie Co : 084y
0 0,14 . 13.0 9,50 x10™%
52 0438 : 11,0 B0 ®
59 , 0910 ' 11.0 7420 .
42 ﬁnl& S ‘ 13,0 . P30 *

8 wm the electret vm ssparated from the yradlum by
: & horigontal distance of 3 omy

Bource Time of Exposure
1403 mg of Radium One Eowr

(23)



o

Pl

Distence the Upper Deflections e/

Condenser Plate \
Eoved
Qe . BeBeVe

0.20 8440 1436 x10~8
0.21 17.0 D68 *
0.R0 10.0 B P )
0,20 £2.0 1.0 *
0,280 ﬁlqs ' l.20 »
0.22 : £448 1.56 ¥

Case Anount the Charge
was lowered in
' GaBeUe
1 om o n v oumwonwoen 0,0
- R Gﬁﬁxj_ﬂ"a
- BRI R I R R R IR 0.8 »
A N . B N T I N AR 1,8 ¢
B N SRR I R R I R 42 ¥
Boroawowreoosennnn O *

{29)
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TABLR V1)
Percentage of Ralative Rumidity

Pay & ¥onth
1 89 ¥ay
g 58 L
3 84 »
4 3% L
-] 3 "
4 83 "
4 &2 "
8 &8 -
9 e Ld
10 o8 »
i L
12 es "
13 49 *
34 88 s
is 57 "
16 &0 .
17 és »
18- 78 -
19 20 .
. 80 . 90 u
21 88 "
g8 o2 .
. B4 43
25 86
- S -
RT 41
£ 43
20 g2
3

8

(30)

L

COFO BN



TABI® 3X
.~ Calivration Curves
1s Calibratlon of Electrometed for range As

Teflsotions Voltage -
£ +049
s »088
18 »128
20 *170
£5 #8308
30 «2458
356 878
40 #2317
45 » 357
50 «400

2 Calibwation of Rleotrometer fov rangs B.
& »088
10 #3180
i3 «208

26 #2800

- £8 %041
o0 08
38 2428
&8 +495
45 - #8530
8 +610

3¢ Calibration of Electrometer for range e
- #2086
10 +»250
18 + 550
£0 « 7280
- 88 +880
B 3. 00
B& 1s 10
40 it 268
45 +» 40

50 3450

¢+ Callbraticn of Electrometer for range © with mew tube
to bo used after 4/29/: - .

) ' #2286
10 : +$50
15 878

. BO , 1« 00

28 . 24328

Y



 @ABIE X g&ma-

Ge ﬁul&bmtim of mwtrm@w for mgw ¢ bx tha une of
& parallel amMuw mmmnh

é » M&w#lw ?"7«; <3
sty - | o volts et
s.axd® ¢ g0 1,69
14 £2.8 5.94
£0 . 45,0 11.80
83.8 875 ' 17490

fany



TARLE X

Buwuldity effects on the mﬁwﬁmﬁw sonsitivity,
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