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OSTlASt

Xi was the pu^pese of this study (1) 
to develop a vaeuw tube eleotrometer for rapid 
ddterBinatioas of relative ehafaeterietioa. of 
eldetretsi (2) to establish the 'offeot.i.veaess 
of this Xastrument by verifyia^'aa'earlier . 
claim that the time required‘.for ' the .rovereal 
of charge o» «a eleetret iaoroaeoi’with the 
temperature of the molten mltturo‘eo»poaeat»e 

Sleetrete were made from ' Garnauba'.wax . 
rosin mixtures and the effective surface charge 
on the eleotrete measured by means' of a*vacuum 
tube eleetrometer* The .method used'was*.the 
discharge of a capacitor across a high 
resistance (10^^ ohms) in the grid circuit* 

Curves werb’plotted of * proportional, 
vdlues of effective charge versus time and the 
decay characteristics studied* ‘ * DOfihltO’. 
reversal times were obtained for some eleetrete* 
The reversal times for other eleetrete eould not 
be obtained beeauee of the malfunetionlng of 
this type of Instrument In relative high humi­
dities* However* by taking the average values 
for the data and constructing a smooth eurve 
through these points, ■ .. an indication of the



11 
reversal time# Inereaaing with laereaslng 
temperatures was ebtalnet*

'Sieetreta ylelfilag homeehargee were made 
with eleetrie fields st ?*8 hv/emt which 
wee in' eentrealetlea te aa earlier report that 
the eleetrie field must he greater than 10 hv/em« 
Howeveri this wee in good agreement with the 
values of eleetrie fields as used hy ether 
workers#

The electrometer was calibrated with a 
known condenser, and la approximate value of 
3 esu/bai2'was ' calculated for the effeetlve sur* 
fees'charge density' of the ' electret» This ie 
in agreement with the value of from 0#4»10 
eau/em$ 'reported in the'llterature*

Xi la concluded that 'with proper atmos* 
pherle moisture control, that the vacuum tube 
electrometer is capable of rapidly Indicating 
substances which make electrets (yielding 
a homocharge). Very possibly, through ingenious 
methods,- the meter could be oalibreted <iulte 
accurately to read values of the effective 
surface charge densities#



TOX1 03* OOHTSHTS

OHAPTM * . FAGX

Z* . THS OOBZSM OH MSI1ITI0H 03* ....
TSHM8 VSSO ♦♦♦ e ••♦•*••«*•*•»*•*'e * »1 

Th • Pyobl ®i® ♦♦«♦*•♦•*.»*••*•♦*** ««•••• *«X 
Statement nt' the problem************!

'Impertanee et the stuay****e********S 
Betinitiens of terse nse&***»•***•*•♦♦3 

file stmt *•♦*♦•***•♦**♦*♦*♦•♦*** *« • * *3 
Carnauba wax**.*♦*♦*♦♦*♦**♦♦♦**♦ *«***4 
Heterooh argo♦*♦♦*♦♦♦»w******e*»**e**4 
HoSOOhafgO♦♦t**e**»»e*********»*****S 

XX* HSVIBW OF THS XITSlATHai••****#.♦♦».♦*6
Known subatanwee eapabXo of

yloXOing eleotrete**•••*♦•*♦*••#*T 
The oharge on eleetrets***************13 
Sffeeta of nixing 'the eomponeate on

the behavior of the eleotret* *♦**15 
Temperature oonelOeratione in

naklag eleotrets*******»•*♦*•••♦*lf 
Xnportanee '.of the eleetrodes in

salting eleotreta** *•«•••♦** * •««• *20 
Strength of the polarising eleotrio • 

field used in preparing eleetretsSS



CHAPTER
1V

PAGE
The eleotrlc fl«l< st the eleetret♦«♦ .24

XXX ♦ MEASVRISG IHSTRHMOT THSCRX.t ,2f
XV* PROCEXVRS*♦♦♦••e»*»*»»»**»e*e********»BX
V *■ AHAXTSXS OP THE DATA « ♦ • ♦ » ♦ • *4X
VX, COMCWSIOHS AWD BECOMMEHDATIOHS ,50
BX BXXOGBAFHT *83



£XST or TABXSS

1?OXK , PASS

I, SXftotret Kuffiber 1 .»
XXt Xieetret Summer' 8
XXX» Xleetret Number 3
IV, Meetret Summer 4
V# Meetret Number 3
VI* Sleetret Number 6
VII. Sleetret Number f
VIIX* leiativ® Humility

Weather Bureau,

Dat4♦**»*»»***e»*»VX
Bat
Nat®•**»,**t**««»*?3
Bata *»***«i**«***»*t4
Bat a • tee ?5
Bata**#e**#e*e*«*«V6
Bata** •••♦•«*•♦♦ **V8
Bat a 8»
Atrpert statlea,

Meuatoa, Tex®a••♦***♦•**»*♦•*♦,***80
IVX* Beereaae ©f Iffeetive Vitia ©t

Xleetret With Oiatanae from
Sur X a ® a ♦#*■##♦♦•*♦*♦****•*•*♦*»**♦♦ 81

* * . » ....  ।

X* ' ’ Bata X@r Oallbratiea ©t lUBtrumemt
With 88 Ceadeasar*•»•*,♦•***♦ ,82



list Of fIGUBES

EIGUHE . PAGE

1. Charaeterletlee ©f Various Substanaes.•52
2* Electret Oven Arrangement•««••••*•••••«53
3« First Attempted Vaauum Tube 

Electromet er Circuit••••«•••«*••••••*54
<• Vacuum Tube Electrometer Circuit 

Used t© Obtain Dataee»«eee»»<#»e»eee«55

5* Key to Symbols for Vacuum Tube 
Electrometer Circuit of Figure 4»»»*#56

6, Photographs of Equipment 

a* Front View of Electrometer 
be Inside View of Electrometer 
©• Oven Arrangement
d» Side View of Electrometer•••••••»57

7* Electrometer Calibration * Henge Af 
0*50 mi or©amperes• • ••«**•••••♦♦•♦••♦•58

8» Electrometer Calibration • Hange B, 
0*100 microamperes••••••♦••••*♦♦•••••59

9« Electrometer Calibration - Hangs 0, 
0*150 mioroamperee*••••••••«•••»••••*60

10. Electrometer Calibrations * Benge 0, 
0*150 Microamperes (used after
April 23| 1952)»«e*»»«»*»»e»»»*«»«*e*61



Vi

PAGEriGVBS

lie Electret No. li Charge vs Time*« *♦**62
12, Eleetret No. 2t Charge vs Time *• * * * * 63
13, Eleetret No. 3> Charge vs Time * • ♦ ♦ * *64
14e Electret No* <» Charge vs Time *« ♦ ♦ ♦ ♦ 6 S
16, Electret No* s> Charge vs Time * * ♦♦.*66
16. Electret No* Charge vs Time*♦ ♦••*6?
It. Electret No* Charge vs Time * * * * * * 6 8
18» Sensitivity @f Eleetvoiaeter to

Humility Changes»69
19* Calibration of Electrometer

Defleetions With Known Condenser•*70



G5APTSB X

THE PROBLEM DEFINITIONS
OF TERMS US-ED

There here heea very few papers 
published on the eleetret, the earliest of 
which was written la 1985, shortly after the 
disoovery of the eleotret* la eleotret is a 
dielQotric exhibiting anomalons effeots, the 
explanation of whieh has not yet been Batla- 
faetorlly expounded* In reviewing the soant 
literature on the aubjeet many diverse 
opinions about the elootrot in general were 
encounter@d«

1* THE PROBLEM

Statement, of the ■ problem* It was the 
purpose of this study (1 ) to develop a vacuum 
tube eleetrometer for rapid determinations of 
relative characteristics of eleotretsi and 
(3) to establish the effectiveneas of this 
instrument by verifying an earlier claim that 
th® time required for the reversal of charge 
on an electret increased with increased
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temperature of the molten mixture eomponente*^

Importanoe of the stu&y*
A number of eoamerelel ana eeientifle 

reeearehere have followed in the footstep* 
of Xguohi and Gemant, and at this writing e 
variety of eleotret produetion projeots are 
rumored and reported to be underway 
throughout the United State®* It is in* 
'possible to assess the value of these 
rumors and reports, probably due to the 
need for trade seereoy in most oases$ but 
it is a rather well»icnown feet that 
eleotret experimentation .has recently been 
aoeelerated in numerous oolleges. univer­
sities, and governmental research organiza­
tions# Therefore, it would, seem at best 
that the debut of electrets as commercial 
products will not be long dela^edeS

Considering the need of the vast amount 
of research and experimental Investigations of 
materials from which to fabricate electrets, 
there appears to be a definite advantage to 
have a means of rapidly determining whether or 
not an eleotret has been prepared successfully, 
and whether or not the substance being con­
sidered will yield a homooharge* In the study

s00a and J# D. Stranathan, •’An 
Improved Method of Making Permanent Slectreta 
and factors Which Affect Their Behavior,w 
HXAlMl 56t610-lS, October, 1939#

^Thomas A» Oickinson, “Ceramic Blectrets," 
Ssxasls. XaiMlSXt sasod, May, 1949.



©f ©harg© eurires (©• <♦ irraaiatloa
©f th© ©lectrat with 3c*rayal it 1© afivanta* 
g@ous t© have a eaasnriag laatruaeat -with a 
ra$l< r«ap©asa*

Th© experleaatal reeult« of the 
investigatleaa ©a the eleetret ©htaiaeg by 
earlier lavestlgatere will have to be 
iuplioateft by ©there before being generally 
aeeepteAl thus In the attempt to develop a 
measuring deviee a' irerifleatlon ©f earlier 
results should be of value*

2, wiMiTioKt or tmms vssd'
lieo.tret:.*' The term *eleetret* was 

eoined by Oliver Heavieide to denote e 
■permanently eleetriflad eubatanoe,exhibiting 
eleetrleal ©harges at its oxtremitlee# At 
the ordinary meeting ©f the thysloo*Ma|he* 
matieal Seeiety of ^apane in the year 1620, 
the name *yermanent eleetret* or eimply 
"electret” was given to the special dieleetrio 
whieh retained e net eleotrio moment after 
the externally applied polarising field wee 
removed* This apeoial dieleetrio was pre* 
pared by Sguehi from a molten mixture of e<ual 
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parts by weight ef Carnauba wax and resin. 
Ten per sent beeswax was aSSeS to some mix* 
tures*^ An eleetret In many respeota is the 

exact eleetrlo counterpart of a permanent 
magnet e8

.Carnauba "Waxes are usually mix*
turns of higher aloohols of the methyl 
alcohol series CCn22a*iOS) with estere of these 
same alcohols and the fatty acids; in some 
waxes higher paraffin hydrocarbons are also 
present*"* 5 Carnauba wax is extracted from 

the leaves of a Brasilian palm* It has an 
exoepttonally high melting point (88®0 to 86eC) 
and is largely $25^51 •

iMOlMt- *9.11*8*98, January, 1925*

SA* Gemant, "Blectrets," 
218, March, 1949•

5James B* Conant, Albert H* Blatt, The
York I

The Meomillan Company, 194fJ, p«21?«

■ Hetero charge * Using th^,.,^terminology 

originated by Gement and appearing in numerous 
papers on electrets, a1 charge on the electret 
surfaces of the opposite sign to that of

^M* iguohi, w0n th® Permanent Sleotret,” 

Physios Today.



tiie aSjaeeat polerisin< electrode is called a 
heteroeiiargee The heteroeharge which 
Initially appears on the electret is not 
strange and is simply explained in terms of 
the orientation of dipoles in an electric 
field wherein charges of opposite sign attract 
each other*

Homocharge* A charge on the electret 
surfaces of the same sign as that of the 
adjacent polarising electrode is called a 
homooharge* In a number of materials, the1 
initial hoterooharge declines, a reversal of 
polarity takes place, and a homocharge builds 
up* The explanation of the phenonomenea of 
the subsequent appearances of the homocharge 
on the electret has yet to be established**

Gutmann, "The Xleotret,” 
of Modern Physios. July,

Revlewsnnrer



XXX

ixTXit w tax xxTxiAwax

a Ffoyalo Vrafaaaar at the 
Higher Waval College, foKox®* Xapan published 
the first paper on an eleotrat in the year 
1925* Since the publication of Xguohi’s 
paper, there have been relatively few 
papers on elootrotoe Moat of these papers 
established experimental fasts, with approxi* 
aately only four presenting theories. How* 
ever, as yet, none of the theories have been 
universally accepted.^

The literature contains numerous 
variations in opinions and many dlsagroe* 
manta of the methods of preparing elootreta 
as well as the factors which affect their 
behavior* Consequently the present 
investigator has elaborated many points in 
detail to emphasise the importance and need

Gutmann* •The Xleotret,” He views, of M^exa mUMi. xot<6?*70, my, Im.
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©f toueh further research on the eleotret* ■

IMO Subs t a n£e^ M XlSlIlM
eleetr'ete♦ Hydr©Garb©n <s©»p©u»<U having a 
finite dipole aomeat tend to develop homo* 
charges but, non-polar hydrocarbons, which 
have been investigated, such as paraffin wax, 
will not develop permanent charges and thus, 
will not yield electrets* The electrification 
of an electret is not merely a surface effect 
but also a volume effeot* The homocharge 
appears in compounds containing esters and/or 
alooholsi however, in many substances there is 
no sign of any decay of the primary heterocharge*

Figure 1 shows the characteristics of 
various substances* Gutmann has divided these 
substances into two elassest those capable of 
permanent volume polarisation and those giving 
surface charges only*®

Mikola subdivided electrets into two 
cl assest

1. Those substances of comparatively high 
conductivity yielding heterocharges only*
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Be Those suhstanoes of a auoh lower 
oonduotlvlty oapeble of developing homoeharges#s

Gemant stated that dipolar eonstituents 
with e high degree of hardness at room tem­
perature are neeessary for the preparation of 
eleotretsj however, he was not certain as to 
whether these two conditions, orientability 
and hardness, were sufficient* Ab other 
possible materials from which to prepare 
electrets, he suggested synthetic plastics, 
thermo*plastles,'thermosetting plastics 
and glasses * especially high electrical 
resitlvlty glasses, such as are used in the 
manufacture of fiber glass for electrical 
purposes* More recently, Gutmann says,” It was 
thought that only hard and brittle substances 
are suitable to become electrets, but it has 
been found that some very soft and low melting 
carnauba waxes also form electrets**4

Padgett® is of the opinion that the

SJL& *
<Ibid*. p*459.
®£dward Padgett, ’’Improved Sleotrets,” 

Radio Elestronicst 20ti0*23, April, 1949*
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preparation of eleetreta from the mixtures aa 
uie< by early worker® is unaatlsfaotory, be* 
oauee beeswax is relatively soft aafl so complex, 
physically and ohemioaliy, that it is unstable, 
la subject to aeoomposition by light, and pre* 
eipltates out of the wax mixture* He used 
eq.ual parts of carnauba wax and Hercules 
Hydrogenated rosin (Staybellte resin), 
“Hydrogenation of rosin eliminates the diffi* 
oultles mentioned above. Splendid seml*plastlo 
electrets can be made from 45# carnauba waxf 45# 
hydrogenated rosin, and 10# ethyl celluloseew® 

Padgett found that the density of surface charge 
varied from 0«S5 to 4*00 statcoulombs per square 
centimeter* He then states that Hguchl and 
Genant working under ideal laboratory conditions 
found the relative density of surface charge to 
be approximately 5 statcoulombs per square 
centimeteri yet, he claims, “Hew compounds 
produce electrets with better stability and 

e 
higher surface charge,9 In considering the

P#21, •
PtBO
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relatively email aagnituaee of the surfaee 
charge densities measured .by Padgett as com* 
pared to the results of'other workers, the 1 
present investigator is not of the opinion that 
the implication of a higher surface charge 
density in the above quotation is wholly 
justified*

Prom Diokinson1#® research on electrets, 

he claims that unsaturated polyesters appear"' 
to have the most desirable features for the 
manufacture of electrets* Be states that it 
is alleged that Qemant, working with the Detroit 
Edison Company, has done some work on ceramio 
eleotrets*

In a more recent paper Dickinson states 
that glass is considered particularly well 
adapted to the fabrication of electrets and 
gives a number of reasons*9

Actually there are no indications in the

n A* Dickson, hieotrets (Alhambra,Californiat flastios Besearlnuotpany, 1948)
^Thomas A* Dickinson, "Ceramic Electrets,* 
XMMlXXi- 19<9> p*62* 



paper that he prepared electrets from glass* 
Footnotes In this republished paper, resulting
from rebuttals by the readers, state!

Experts assert that there is a consider* 
able gap between wax and glass that should 
be supported with experimental evidence 
relating to ceramic materials*

Organic electrets mentioned here are 
non conductors of electricity at both room 
temperature and in the range at which 
orientation of the particles take place* 
Insofar as commercial glass and other in* 
organic ceramic materials become good 
conductors at high temperatures, the small 
residual charge that is "frozen" in is of 
relatively short duration, and of little 
consequence

Dickinson further states!
It is quite possible that many electret 

materials can be compounded with ferrous 
oxides or assembled as a series of non* 
ferrous parts so that they can duplicate 
the fundamental manifestations of permanent 
ferromagnets; further. It is a well*known 
fact that they can be compounded or . ; '
assembled so as to exert magnetic influences 
as many non-ferrous substances*

In the manufacture of glass electrets, it 
seems rather evident that quartz materials 
(such as the soda lime combinations) should 
play a leading role* However, It is 
entirely possible that other glasses which 
are more compatible with metallic oxides will 
meet the majority of specifications*11

XOlbid *. p.63*

XXlbld*. p.64.
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Siekinsoa lists other oeraaios whieh he 

olalins may find uses la the fabrication @f 

electrets*
(1) S'ireclays • where ultra»high tem­

perature resistaaee is essential*
(8) Clays with *noa*metal? ferrous eom- 

ponente such- as iron oxide ♦ where low ebet 
substitutes for alloy ferromagaets are desired* 
Materials in this eetegory, Dickinson claims, 
may in some instances, be molded like pottery 
and charged after firing by insertion in an 
eleotromagnetic eoil rather than by the con­
ventional electret charging method*

(3) Porcelain * where the natural trans* 
parenoy of glass is non*oeeontlalft or where 
maximum ehemioal inertness is desired*

Gemant^^ also mentioned plasties of high 

softening point,’ glass, eeramloa • especially 
barium*titanate eeramios • as promising 
materials from which to prepare electrets* 
However, no Indications in the literature were

■ Gemant, «hiectrets « Physics 
Today, 818-13, March, 1949, p*13«



13
founS of any of tho aOov® aaterl^l*
having been sueoeeefully used to zaaho eleotrets*

The oharae .p..n sleetrets• The average
surface charge density reported to have been 
attained on the surface of the electret wae 
from 3-10 eeu/om^i without.any sign of decay of 

the homocharge over a period of years* The 
time required for the reversal of polarity 
appears to have been from one to fourteen days* 
Eguchl observed no evidence of decay of the 
homocharge after three years when the electret 
was kept in a dry atmosphere and the surfaces 
short•circuited with a keeper (i*e* wrapped in a 
metal foil I* An electret which has lost its 
charge by adsorption of moisture on its surface 
will regain the charge by drying in a desicoa* 
tor* ■ Gemant made electrets which showed no sign 
of decay over a.period of twelve years*13 .

Iguchi made the following observations on 
the electret*1^ Th® manner of growth of the

Gemant, ISMX* P*®*
Sguchi, "On the Permanent Sleotret," 

<®H8Tt 1925,



14 
charges on both surfaces and their values 4© 
not vary much when the method of preparation is 
modified in certain ways} e» g», when both 
electrodes are completely insulated from the 
earth, or when either one of the eleetrodea is 
completely earthed end the other insulated* 
Vslng a bunsen flame, he melted some of the sur­
face of an electret which,' after cooling and dry­
ing, regained ita original charge* The surface 
charge disappeared when washed with various 
reagents such 'as water, acids, alkslls, absolute 
alcohol, ether and benzene; but the electret 
always recovered sometime after the dielectrics 
were completely dry* If the surface layer were 
removed by planing or cutting, the remainder 
was still an'electret* When the carnauba wax 
and rosin mixture was solidified, first and then 
put under aa electric field,' the surfaces dis­
played some weak residual charge, "♦••their 
Intensity and durability were of vary small order 
Quite Incomparable with those of the electret.*’^® 

When an electret was placed in an oppositely
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SireateS eleotric field for thirty minutes, the 
surfaces obtained moderately large surface 
charge densities of signs respectively opposite 
to the eigne of the initial -charges* This re* 
vereed charge decayed.rapidly and the electret 
regained its original charge*

Gutmann found that the decay of the homo* 
charge is not a continuous prooeas, but takes 
place in discontinuous jumps* He claimed that 
the process of decay itself, as well as the 
magnitude and frequency of these discontinuities, 
were considerably speeded up by irradiating the 
electret in a supersonic sound field of approxi­
mately 700 ke and of rather appreciable intensity*

Sffeeta &£ mixing th,.@ coy.no non to && the 
behavior of the electret * The electret behavior 
depends markedly upon the details of preparation 
of the carnauba wax-rosin mixture* Stranathan 
and Dodds3-6 investigated the effects of varying 
the method of mixing the electret components and 

the effects of different molten mixture tempera*, 
turea on the resulting charge density* They used

l(inil’"ir 1 nr e Doa^s and 3• D* Stranathan,
"llectrets from Dry»mixed Components,* Physical 
Review* 501560, August, 1941*
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wSeleotie4 Flora* oarnauba wax aaft a spoalal 
grade roalnt pulverlaad with a mortar and pestle 
and sifted through sieves, whloh yielded strong, 
smooth, physically uniform eleetrets having 
eharacterist1 os more easily reproducible than 
eould be obtaInfusing the usual methods*

Equal parts of the pulverised rosin and 
carnauba wax were mixed In a meehanioally driven 
mixer, the time of mixing being the same In all 
eases* The desired amount of dry mix was 
weighed out in a tinned pan and placed in an 
elootrod© and tank system immersed in an oil 
bath* The melting and cooling times for the 
eleotrets were earefully controlled, and a uni­
form procedure adopted for all eleetrets* They 
stated that stratification into two component 
layers oocured during melting If the particles 
were too large, and small bubbles, probably of 
air, appeared on th© surface of the electret 
when the particles were to© small* "Preliminary 
work indicates a slight partlole-siae effect on 
the shape of the reversal curve*** Stranathan

S.360.
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and Dodde stated that the reversalwtlmes of 
eleotrets prepared' In this manner were eon* 
siderably shorter than many of those reported 
In the,literature for eleotrets of similar 
eomposltion* They concluded that the shorter 
reversal time was due to the grade of earnauba 
wax and roain used rather than to the method 
of manufaeture*

. IffllSXSiJlXS. -WUjJMSilaM Is MX1M 
eleotretae The temperature fobove the melting 
point of the esrnauba wax and rosin'mixture)Is 
a faotor in the behavior of the eleotret, though 
the final surfaee oharge density is Independent 
of the exeesa temperature end attains approxl* 
mately the seme final value*^® Thus, in the 

prooess of melting the mixture, it is suffioient 
to raise the temperature to the melting point* 
Dodd and Stranathan elalmed that the time re* 
quired for reversal of oharge on the electret 
increases with increasing temperatures above the

^8f» M* Good and jT* D* Stranathan, "An 
Improved Method of Making Permanent lleoirets and 
factors Which Affect Their Behavior,* Physical 
Beview. 561810*13, October, 1939,
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melting pointt and that the reveraal time 
approaehes a lower limit which is that time 
characterlstio of an elaotret of pure carnauba 
wax, They also report that there is ovidenoe 
that prolonged heating or vigorous stirring of 
the wax mixture at lower temperatures aeeoa* 
plishes to a lesser'degree what is aoeomplished 
by higher temperatures during the Initial 
melting*

. ' The eoollng time of the electret under 
the applied charging field was investigated by 
Good and Stranathan* Using a cathode container 
(iron cylinder) in oil bath, the hot oil was 
drawn off at 75°C end the electret further 

cooled by the addition of cold oil* The 
rapidly cooled electrets reversed the sign of 
the charge and also attained the same final 
charge in a shorter time than when waiting for 
the hot ©11 to cool* However, when water was 
used, instead of cold oil, and, the electret 
cooled to room temperature in thirty minutes 
the rapid cooling did not yield an electret* 
Kiectrets cooled in the air were full of cracks 
and easily broken; whereas, those cooled within 



the iroa ayllader were unifarm end smooth* As 
an explanation, the investigators say,
***♦ the phenomena are no doubt eonneotefl with 
the temperature gradient within the cooling 
eleotret t**1® Sxtending the oooling time in the 

electric field beyond a day produeed little 
effect* Below this there existed a range of 
cooling times vital to the behavior of the 
eleetrete

Gutmann obtained his best results when 
the substance was throughly fluid at the melting 
point and the polarizing field removed once the 
wax had thoroughly solidified but still re* 
mained at an.elevated temperature*

Johnson and Carr* 80 conducted si series of

"^^Ib'ld....*.* p * 813 *

80 0« 3*• Johnson and P» H* Carr, *Some 
Ixperlments on hleatrete,* JPhTftlO.A Me.view* 
481918,, December, 1938*

experiments in which the electric field was I
applied to the wax mixture at different tempera­
tures and allowed to.remain until the wax cooled 
to room temperature* Another series of experi­
ments was made in which the electric field was
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applied when the wax was molten, but w&s removed 
from eaeh aueoeseive sample when it had cooled 
to a temperature lower than.that at which the 
field was removed from the preceding saaple* 
The strengths of these electrets were measured 
and the investigators concluded, "hesulte ■ 
indicate that the molecules of the'wax mixture 
become fixed in their polarized positions, so 
that random reorientation is negligible at a 
temperature definitely lower than the tempera* 
ture et which solidification takes plaee#*8^ 

XMSXlMM £X MS M S1X1M
electret's * The electrode material used in 
making electrets was.reported by Gutmann as being 
an Important factor*88 Hickel electrodes yielded 

a small charge which decayed to zero in a few 
months* Gsing tin electrodes without applying 
a polarizing field, electrets were obtained 
having a charge of two thirds the magnitude of 
those similarly prepared when using an applied 
electric field, and with no decay of charge 
over a period of six months* Ha stated that

88Gutmann, Qu* .elt.*« p»<S9»
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there is an important differenee between 
electrified bodies prepared by the letter 
methods and the true eleotret prepared with an 
eleetrio field at an elevated temperature* "The 
electrification of the true electret Is a volume 
effect, extending through the whole of its 
mass while the charge appearing without either 
the thermal or electrical part of the preparation 
are .purely surface eharges**8®

. • Most workers-used tin-foil electrodes 
because they strip easily from the wax mixture* 
Good and Stranathan reported that tin seemed to 
be the most satisfactory electrode material, and 
that it showed less -evidence of electro-chemical 
activity than any other materials used*. They 
used a tinned pan for the bottom electrode and 
a solid tin disk turned on a lathe, polished 
with carbon tetrachloride and rovje* for the 
top electrode* A new pan was used end the top 
repolished in preparing each electret* The tem­
perature of the oil bath was kept below 90®C, for 

at temperatures greater than thia the tin showed

^5
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evidence of oheEilc®! action*

Franklin claisB that, he has produced 
electrets having a heterocharge without the 
hoiaocharge by Insulating the electret material 
from the electrodes with sulfur disks during 
polarisation*8*

Ma* D* Franklin, "The Heterochargo of 
Carnauba Wax hiectrets," Physical Review. 781342, 
May, 1950.

250utmann. Op, olt,*. p.460.

stXSMSl 1212 msxUMfi. slesnio X1MA 
used in nraParing electrets • •Gutmann claimed 
that electrets prepared with electric fields 
less than ten kilovolts per centimeter produced 
hetrooharges only, which decayed slowly to a 
permanent value within tdn to twenty days. 
"First investigators all applied fields In excess 
of 10 kv/om, but Thiessen and co-workers found 
that electrets can also be prepared with lower 

' 25 
fields." Johnson and Carr state that they made 
electrets - after the manner of Sguchi • using 
carnauba wax and rosin in electric fields as 
small as a few hundred volts per centimeter. 
However, Gutmann said that the important differ­
ence is that electrets prepared with an electric * 25
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fiel4 le*i thaa 10 kv/em glvea a hataroaMarga 
oaly«®^

It tiia ^igares given in Padgett’a paper 
are eorreet, the present inveetlgater ealaulatedl 
his eleetrle flelS te have been around f to 8 
hv/emt yet hie published tw@lve*weelc eurve shews 
a definite reversal of eharge* Gemant states, 
•♦To make an eleotret the molten wax Is put in e 
moderately strong direst ourrent field, perhaps 
five thousand volts per eentimetere*87 Bearing 

in mind that Padgett used slightly different 
components, there appears to be a lack of 
definite knowledge of the question of polar* 
izing field strength effeots*

USa SJLLt.'
Gemant, Physies Today» Gt* eit t. p»9

880i@kinson, £ftXOlt XMMlIXt P6»

Biekinson88 stated that he used either 

alternating or Street current in the polarizing 
process that, as a rule, the direct current was 
preferable because it formed diatinguishable 
positive and negative charges, whereas the 
alternating current produced ohargee of the
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earn® sign on eesh aurfase, one atrongor than 
the other* "This atateiaen.t Is challenged hy 

/ 
an expert In the field, who saya that only direet 
current is apylleahle*” The latter atateaient 
is the editor** note on a reyuhlication of 
Xiiekinson** paper*

- ' Moixla Xl&U SX IM M1MXM* 
The elootrlo field intensity .near the surface 
of the electret was reported as high as 20 kv/em* 

soOouant attempted to analyse «iethe«atieally 
the offeets of the free ions present in the 
atmosphere on the eleotrie field of the electret* 
The results of his derivations, based upon 
simple.considerations, were .in apparent, con* 
tradiction t© the experimental findings* 
Phenomena along these lines would be encounter* 
ed in the ecnsiaeratlon of the possibility of 

. the use of electrets in vacuum discharge tubes*
Th® assumption of Gemant’s problem * a 

mathematleal analysis of the field of an

SO1* Gemant, "field of lleetrets in the 
Presence of Gaseous Ions,* Physical Beviewt 
61l?9, January, 1942*
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eleotret In a spaa® of finite ion eoaaentratIon * 
was that "The Celoulatlon is baee6 on the type 
of double*layer as first eoneertieS by Gotiy for 
aleotrolytie solutions* It aan be applied to 
this case as wellThe basle idea is that 

ions of a eharge opposite to a given charged 
aurfaae will aaoumulate in the neighborhood, 
while ions of the same oharge will be repelled* 
When equilibrium is rsaehad, th® lone are aeted 
upon by electrical and diffusion forces of equal 
magnitude and opposite direction* Thus, for a 
positive eleetret surfaoe negative lone will

- accumulate near the surface, shielding the 
field outside the double layer formed by the 
positive electret eharge and the negative ionic

• charge*
However, from experimental finding®, the 

field of electrets is appreciable even in the 
presence of gaseous lone* Gemant stated that 
it is quite likely that the field will diminish 
with increasing eonaentratlon of the lone and 
that "Mxperimenta will have to eetablleh the

sxX»oa < Mix
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relation, field versus ion eonoentration*w3s

With this relationship known, an eleetret 
combined with a measuring device may be usable 
as a quantitative indicator for the ion concen­
tration of the atmosphere or any closed space*

a8lSW.. P«88.



CHAPTEB XXI

S1ASUHIBG IHrTRUMiSO THhOBY

An abaolute Satarmlaation of the effeotive 
charge bn the enrfaoe of an electret can be 
obtained by means of a quadrant eleotrozneter; 
and, thus th® effeetlire surface eharge density, 
the ratio of the total effeotive oharge on one 
surface of an electret to the area of that 
surfaoe, can be oaleulated for purposes of 
oomparison* However, for many investigations 
on the electret, it is suffioient to measure 
relative changes In the effective surface 
charge density* An instrument satisfying the 
requirements for the letter type of measurements 
was used in the present investigation* 3*or this 
purpose an electron tube electrometer was used*

An electrometer utilising an electron tube 
is identical in utility with a quadrant electro* 
meter or a gold*leaf eleotrosoope with an 
indicating seals, for they are all constant 
potential measuring devices which are not 
supposed to take current from the source of 
potential being measured. An. electron tube, in 
principle, is an electrostatic device because
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the operation ©f th® tube depends only upon 

1 the grid potential*
By the simplest definition, a three 

element electron tube is a device in which 
the current flowing from oathode to enode 
ie controlled by the potential of a grid 
to which no current flows* Under this 
definition, an operating triode would 
show no change of plate current if the 
grid lead were disconnected $ for, if no 
current flows to or from the grid, its 
potential will not change* Tubes which 
can do this are called electrometer. 
tubes*8

Special tubes can be obtained which are 
essentially electrostatic in character after 
special considerations have been given to the 
prevention of electrons from leaking at the 
tube base, to internal ionisation, and a 
number of other extremely important points in 
■the manufacture of such tubes* Ordinary vacuum 
tubes fell even to approach the requirements of 
en electrometer* *The word ^electrometer* is 
properly applied only where it refers to a tube 
or circuit in which the control element may

"""""""""'"'"iyohn A* Viotoreen, "llectrometer Tubes 
for the Measurement of Small Currents,* 
i£S®SAllBjgA 5X IM JU 1a JU» 57 • 4#April, lid9, Pe 433* '

ob* e1t* &SL&A &&&A
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have aa input leakage resistance of the order 
of IO2*® ohffls or grid current of 10*15 asaperes.’^ 
Currents as small as 10*1^ amperes may tee 
measured with vacuum tube electrometerse*

A number of methods are available for 
the measurement of small currents by the use 
of an electron tube* One method, and the 

method used in the present investigation is 
to measure the potential difference produced 
when there is a current through a very high 
resistance. The sine of the resistor that can 
tee used, and the resulting sensitivity obtain* 
ablOi are limited by the leakage resistance 
of the grid* A xqII oita resistor was used 
as shown in the circuit diagram of figure 4# 
Thus for an input signal of 10*1^ amperes the 

corresponding potential difference would be 
1 volt* This potential difference across the 
high resistance in series with the grid biae 
can be indicated on the plate 'current -

5

^Herbert 3♦ Belch, ZhMXX 4MlAci$JLoM 
ff. Electron ' Tubes. (Hew York and Londoni Mouraw- 

JlX'jwcok^ompany^ Xne«, 1944 J, p* 613#
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mioroammeter when a vacuum tube with a high 
transoondUQtanoe • the ratio of the change in 
plate current to the change in grid voltage * 
le used.

An electrometer triode, number VX-6803, 
manufactured by the Vietoreen Instrument 
Company, was used in the modified Seller® 

circuit of figure 4* The use of this oirouit, 
and the theory upon which the method was based, 
was an outgrowth of an earlier unsuccessful 
attempt to obtain data using the circuit of 
figure 3f tehen from Victoreen’s® paper with an 

added variable measuring capacitor Cm and a 
d*Arsonval galvanometer arrangement with a 
balancing circuits The latter circuit, with 
the exception of the galvanometer, was mounted 
la a grounded metal case made from surplus 
equipment * with a few small holes in the sides 
and a cover which did not permit complete 
light * shielding within the case* wPhoto~

¥jF» Barton ■ 
(Toronto 

0 • , •1948),
fIctoreen,

pp. 404*33e
0P <. .011 * p«438
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©leotrla ourrente may proMMtive when even 

7 a email amount of light strikes the tuh®*"
These small eraoks very convincingly verified
the above statement-* Sxtreme ©are was not 
exeroised in the selection of materials for 
the input oirouit, the results of which was e 
very unstable plate current*

When leakage currents of the proper order 
are not obtained with good electrometer 
tubes, it Is almost certain that external 
causes are responsible* A fingerprint on 
the treated surface of th® glass may cause 
endless trouble until removed with absolute 
ethyl or methyl alcohol and the surface 
carefully dried* Small pieces of lint give 
considerable difficulty* The surface of 
the grid resistor used always should be 
suspect* Besistore having values up to 
101* ohms are available for this type of 
service} and* because their surfaces have 
been similarly prepared, they should be 
handled with great respect* All other 
insulation which may be used in connection 
with the grid circuit is equally important* 
It Is rec oamended with emphasis that only 
pure polystyrene be used and that its 
surface be optically polished and cleaned 
only with absolute methyl or ethyl alcohol* 
Some grades of polystyrene contain other 
materials and these are unsuitable for 
this service* Capacitors suitable for use 
in the grid circuit may be made from thin, 
pure polystyrene,#**®

Viotoreen, On • cft...*f p* 437*

». 438.



82
Maiy the eoaneetion8t inoludiag the 

grouafl wire eentaet to the- saetal @aeet were 
meohanioal eeaaettleae ea the flret attempted 
eireuit* Thl» proved to he far from eetle* 
faetery, for the ellghteet motloa of a humaa 
body etandiag hear the lastrumeat eaueed 
large erratic drift of the plate-current 
meter needle due to the etray-fields■ eet up 
by the difference In body potential with 
respect to ground* Carefully soldered eon* 
teats eliminated this diffloulty*

The sensitivity of this type of circuit 
is limited in part by fluctuations of battery 
voltages and by difficulties In balancing the 

-'steady component of plate current*9 The 

stability of a d* o* circuit can be no better 
than the stability of its power source* When 
eathodet gride and plate are supplied by dry 
cells* economy requires that a potential 
decrease of at'least 80 per ^9^ ^9^

. ®Belch* CLLs SUU» >• ®1<*
^0Vlotoroen* gp..*. pit.** p* 486*

Curing the life of the batteries*3,0 Old dry
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sell® were need et first, the results ©f whieh 
were a stable meter ©a seise «aye aad thea on 
other <aye a vary troublesome drift of the 
Plate current rendering meaauremente imposalble* 
The d*Arsonval galvanometer was far too senel* 
tlve and the damping.too slow to be used In 
this arrangement* The outeome was a series of 
thirteen eleotrets, prepared under different 
oonditlons, whieh eould not be utilized In the 
investigation* '

Using the eiroult of figure 4 built with 
due eons'!deration t© all of the aforementioned 
soureee of trouble, the data were improved* 
These earlier diffleulties aided in elarify*- 
.Ing the theory upon whieh the present data were 
based* With the. measuring ©apaeitor Ga short* 
eireulted, an electret was plaoed between the 
brass plates and the upper plate- was lowered 
to the eontaot position •with the eleetrot* 
Charges, eq^ual in magnitude and opposite in 
sign, .were induoed upon the .plates through the 
short*oireuit path, grounded t© the instrument 
ease, 'When the short was broken and the platee 
separated, a small distanee, work had been done 
in overcoming the eleetroetatio force of
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attraction between the ©barge on the upper 
plate and the charge on the aurfaoe of the 
electret facing the upper plate* Thus, the 
differenee in potential between the aurfaeee 
has increased*

The charged condenser would now discharge 
eosapletely were It not for the permanent 
effeetive charge on the surface of the electret 
which continues to exert its force of attrac* 
tlon on the charge of the upper plate* 
. for relatively small distances and email 
plate aeparationa, the electric field between 
the plate® would be uniform* However, it was 
assumed that the separations were large 
enough to disrupt the uniform field such that 
some 'of the lines of force no longer ended on 
the upper platej consequently, a fraction of 
the charge on the upper plate discharged 
through the high resistor* The corresponding 
change 'in the dlfferonoe of potential of the 
grid with respect to the filament and the 
resulting change in plate current was Indi* 
oated on the plate current microammeter* from 
the deflection of the.ammeter, whose circuit 
was previously calibrated with a potentiometer, 
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the potential Slfferenee across the resistor 
could be read from the curves* The relation 
C * q/v * a/4w< (for air) was used* where C is 
the capacitance of the parallel plate measuring 
condenser • other input capacitances were 
neglected, such as the intereleotrode eapaoi* 
tanoes, since their consideration would merely 
change the relative measures by a constant 
factor • a Is the area of the plate (same as 
that of the electrets)* d is the distance 
separation between upper electret surface and 
upper plate, V Is the difference in potential 
measured from th® curves* Since the actual 
difference in potential between the plates

would be kV • V, where K is e constant • for 
only a fraction of m. is discharged * the above 
expression can be solved for Thus

* fy * 4wg

S • Al . KL X 4«d Wd 
t * hf 1

or where h • a/d, a constant since a is a 
constant area*
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Therefore ^/k, whiah is a proportional 

value of the effective oharge on the eleotret, 
oan be plotted against time and the deoay 
eharaeteristies studied#



CHAPTEB IV

PH0CSDVB1 .

The eleetrete were made In a manner 
toilewing Padgett* The blGok-dlagram of the 
apparatus ie shown in figure 8, the details 
of which are reported by A* 0* Clauset in his 
masterb thesis, University of Houston, 19S2*

The vacuum tube electrometer, the theory 
of which is reported in Chapter III, was used 
to obtain the n/k data* The details of 
making the measurements are given below* 
Throughout the discussion the symbols referred 
to are those of Figure 4*

The plate current ammeter Mg was cali­
brated in terms of the observed defleetion of 
the indicating needle for the corresponding 

known applied voltage as determined by a heeds 
and Horthroup potentiometer* The calibrating 
difference of potential was applied across the 
condenser leads, with the plates sufficiently 
separated to eliminate the eepaoltor effects* 
Three deflootions-vs-voltage curves (Figures 
r-9) were then constructed for the three 
sensitivity ranges of the ammeter* Mg was 
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oalibrate< from left to right, for eeeh of the 
three range®, using the bslaneing-elroult F
resistors and Bg to obtain the zero points 
for the different ranges •

Before the filament swltoh 8^ was turned 
on, ear® was tahen to have plate eurrent swltoh 
Sg off so that there would-be no positive 
elements within the tube before the7filament 
had reaohed emission temperature* The filament 
ourrent of 10 milliamperes was adjusted by Bg 
and maintained at this -value throughout the 
measurements* >

After the filament had warmed up for 
approximately thirty minutes, the plate 
eurrent swltoh Sg was turned on* After the■ 
proper range * range 0 * 0-150 mioroamperes 
was seleoted, the zero-signal operating plate 
ourrent of 100 mioroamperea was obtained by 
adjustment of with the two balanoe potentio­
meters and 13 at maximum resistance and the 
shorting switeh Sg shorted*

An eleotret was then planed between the 
plates of the measuring oapaeltor CB* The top 
plate was screwed down to the contact position 
with the upper surface of the electret, and the
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aeparatloa reed ©a th® varhler* The balaaee 
elreult was tised to obtain, a ier©- point on the 
plate ammeter for the sanaltlvity range used, 
as determined by the magnitude and direction 
of th® dafleotlons of the ammeter eaused by 
a plate separation of about 1 to 1*3 mm* The 
upper plate wa® then separated from the upper 
surfaee of th® eleetret, after the shorting 
circuit had been broken, to a distance de, as 
read from the vernier* The eorresponding 
maximum deflection was read on Mg*

The defleetion was due to the partial 
discharge of the measuring capacitor through 
the high resistor giving a ©henge In grid 
potential* The measurement was'taken for 
eaoh surfaee of an eleetret and curve® con­
structed of value of charge vs time*

The data on the electrets were taken 
approximately every twenty*four hours, and 
calculations made using the following method* 
The reading m0 of th® meter Mg was read with the 
eleetret in in contact' with both plates and 
the shorting swltoh Sg ©pen* The reading me 
was read as the maximum defleet ion when the 
plates were then separated a distance d, where 



40
4 * ae*aa* lai’ the Obeervea aefleotlone, the 
corresponding potential ai.ff®r®nee was read 
fro® the calibration curves of figures 7-10, 
aepending upon the sensitivity range used 
(Table no* 10 was used for all calculations 
after April 23, 1932, at which time a replace 
meat tube was installea).

Thus, by I41 1 ।

k - 1 fip^TTsocrj

i - fttfonpraTr

f - 8-S3116*8 fi^T

Where the area of th® plates a * 2*68cm8»



CHAPTSB V

AH4X.TSIS OF THU JDATA

The eurvee ef Figure* 11»17 show the 
result® of attempt* to eompare eleotret* made 
unSer similar eoaaitlou* exeept for the molten 
mixture temperature** The puhli*he4 ourve* of 
other investigators show a deerease of the 
heterooharge to the oross over poiat# and then 
* steady build up ©f the homoeharge with time* 
The method* of the present study did not yield 
smooth ourvos* These fluctuations appear to 
have been caused by variations in humidity* 

Ho measurement* could be obtained for 
the four day* from dpril 19 to April 82* The 
weather was rainy during the greater part of 
this time* The instrument would not respond 
to olectretBi it had lost its een*ltivityf and 
was extremely unstable* Many hour* of efforts , 
to attempt to restore the instrument to 
operating condition failed* The installation 
of a new vacuum tube did not alter the opera* 
tion of the meter* With time (after a period 
of four days) the instrument finally resumed 
Its fuaetioningi seemingly of its own aceord*
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During tMia periodt a number of eleetrets 
reversed eigne, with the result that these 
eritioal points for the ourves were missed* 
This period isindieated on the curves for 
eleetrets (I’lgures 11, 14, IS, 16 and 1?) 
which were being measured during this time 
by the symbol 2^,

Further evidence pointing toward 
humidity conditions es the Bourse of trouble 
was shown again at a later date, May 16 to 

■May 19, during a less severe rain spell# The 
instrument would indioato th® presence of ' 
charges, but of a very diminished magnitude* 
Many eleetrets appeared to have lost their 
charge* The desiecant in the deslceator was 
goods aud the electrets would pieh up soraps 
of paper, indieatiag that they were still 
charged* A small flood light was directed into 
the opened instrument, 'from ten to fifteen 
minutes, to heat the circuit* After the parts 
were dried In this manner, the instrument 
responded nleelyi giving a meter deflection of 
the order of magnitude of from SO to 2S 
deflections for electrets which had shortly 
before given from 1 to 2 deflections* This 
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sensitive response of the meter persisted for 
about thirty minutes at the most, at which 
time it had again, resumed its sluggish oondl* 
ti'©n< This period is indicated on the ourve 
for the electret of figure 6 by the symbol Hg* 

These diffieulties led to a further 
Investigation of•the eleetroseter* The humidity 
was varied by spraying water around the labors* 
tory and meeauremeats taken on a given electret 
stored in a desieeator* figure 1® shows the 
measured value of H/k versus relative humidity* 
for the change in relative humidity from 61 
to 68.^, the value of Q/k decreased by approxi­
mately @0 

Table TX'II obtained from the Weather 
Bureau, gives the humidity data for the months 
of April and May as measured at the Houston, 
Texas Airport Station* The days of previously 
mentioned difficulties correspond excellently 
with the high relative humidity days, thus 
indloatlng the extreme sensitivity cf the 
electrometer to atmospheric conditions* This 
accounts for the variations from a smooth curve 
obtained in the present investigation* 

figures 12 and IS show cross-over at some 
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time between eight and ten days* This reveals 
that for a ehange In temperature from I30°C to 
233°C, the reversal times differ by an amount 

less-than two days and that the reversal does 
not tahe plaee before eight days* In oonsider* 
ing the initial Q/h values at time t • 0 for 
these two eleetrets, dumber 2, made on April 
28 when the relative humidity-was 41^ indicates 
a slightly larger effeatlve charge on both 
surfaces than does number- 3 * made on April 30 
when the relative humidity was Sl§6# Since 
there was lltSle difference in the ©lectric 
field strengths used, this appears to be an 
effect of - humidity or possibly in part due to 
the higher molten mixture temperature* These 
two elootrats indicate a net positive charge 
after the reversal point*

Xlwctrets number 1, 4, and 5 of Figures 
10, 14, and 15 reversed signs during the high 
humidity days when the Instrument would not 
measure# Therefore^ all that has been indicat­
ed with respect to the time of reversal is that 
all three electrets reversed signs before 9 
days, that dumber 1 reversed before 6 days, and 
that Humber 5 reversed before 6 days# Humber 5
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was made from a molten mixture of 100°C and. 
lumbers 1 and 4 were mad® at 180®C# By eon* 

strutting the ourves through th® average points, 
one finds that the shapes of the curves * with* 
out substantiating points * appear to indicate 
that the eleotret made with the low temperature 
erossed over first# This oonolusion is only 
indieeted, not proved*

The Initial Q/h values of numbers 4, 1, 
and 5 deerease in the order listed* The 
respeetive relative humidity for these days 
(April 14, IS, and If) were S8^, ST^t and 63^ 
respectively* Bleotret number 4 has the 
highest initial effeotlve charge and was made 
with the lowest.eleotrlo field strength of 
these three eleetrets* Thus it appears that 
the chief factor affeoting the initial oharge 
is the effects of humidity on the instrument 
and th® electret rather than the polarising 
electrio field used# This does not indicate 
that the electric field strength is not a 
factor* ,

Slectret lumbers 6 end f of figures 16 
and 17 did not give a reversal of sign* dumber 
6 was made with an electric field of- 5*33 kv/cm
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and number ** was made at Tt14 kr/em* Thia 
failure to reverse sign wa.s probably due to 
the low eleotrle field* However, eleetrie 
fields below 10 $cv/e® did yield reversals, 
whleh was eontrary to Gutmann*® olaim, but in 
good agreement with Padgett and Gemant*

Sleotrets 1 to 5 gave reversals of sign 
and a homoeharge in aeeordanoe with the defini­
tion* But electret 6 and f did not give e 
reversal of sign* However, the sign of the 
effective charge indicated on these two 
electrets were in contradiction to all previous 
reports on electrets* They were made by the 
usual methods, except th® electrodes were 
aluminum* A violation of normal polarization 
effects was indicated*

The bottom surface of the electret 
solidified in contact with the anode should 
show an initial negative charge, but these two 
indicated positive charges* The electric field 
strengths were low* Gutmann claims that a 
homocharge is not obtained with less than 
10 kv/cm* The literature reviewed contains no 
reports of reversals before one day* Yet, these 
two electrets had the sign of a homocharge*
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It is possible that the reversal oeoured 
immediately after removal of the eleotrio field, 
for the measurements were taken a® soon as 
possible after the electrio field was removed* 

An attempt was made to determine the 
magnitude of the effective surfaoe charge 
densities obtained* Aa electret was placed In 
the instrument and the data of Table IVX obtain* 
ed* The upper plate was lowered to the oontaet 
position with the electrat and the usual measure* 
ment taken* The plates were separated 1*3 mm 
and the corresponding deflection noted* Next 
the upper plate was brought down to a position 
of 0*2 mm above the upper surface of the electret 
while the shorting switch was in contact* After 
removing the A ort, the upper plate was eranked 
back to the same height above the electret sur* 
face as before, with a resulting decreased 
deflection* This was continued in increments of 
0*2 mm up to 1*0 mm separations* It was found 
that when the upper plate was separated from an 
initial position 1*0 mm above the electret that 
the meter deflection was only 15^ of the initial 
deflection resulting from the contact posit! on*
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Thus It appears that the effeetlv® field of the 
electret falls extremely rapidly with aistanoe 
and is almost ineffeotive at l»0*l»5 mm from the 
surfaee of the eleetret*

The meter was then ealihrated with an 88 
mioromiorofarad eondenser charged with various 
known potential differences and discharged 
across the high resistor 110^^ ohm®) • The 

plates were separated approximately 8 am during 
this oalihration# figure 19 show® the meter 
defleotion .versus known charge. Q was obtained 
as follow®I

Q(esu) * 0(cm) V(volts) 1 statvolt 
300volt®

0 * 68xl0*^g t x 9xlO^^cg*?9.8cm 

Q(esu) * ?.9*2 V(volts)

Q(esu) * 0,264V
Where V i® known*

Considering Table I, on iprll 30, electret 
Number 1 gave a deflection of 20 division® for 
a plate separation 'of 1*8 mm* from figure 19, 
20 deflection® is caused by approximately 11.5 
statcoulombs* Since 1.8 am is greater than
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1.0 ma, thus separation was beyond the distance 
for 85% decrease in induction. Therefore for 
the electret area of 2.68 cm2 , 

ll»5(esu) x 0,85 * 9«?8(esu) 
and 
0, * 9 *7 8.( esu | * 3,64( esu )

The effective surface charge density 
on the electret is of the order of magnitude 
of 3,5 esu/cm2, which is in agreement with the 
values reported in the literature of from 
0*4*10 esu/om2.



GHAPTSB VX

coitclusioms ahd

BECOMMEHD^TIOO

Conclnslons. The effectiveness of this 
instrument in studying the eharaoteristles of 
electrets has.been oonsiderably obseured by 
atmospheri o moisture eonditions* Definite 
reversal times were determined on some electrets, 
however, at most it ean only be said that the 
investigation indicated an inorease in reversal 
time with inoreased molten mixture temperatures* 
Relative humidity appears to be one of the chief 
factors effecting the aeouraoy of the instrument* 

Electrets exhibiting reversals of 
effective charge were obtained using an electric 
field fro® kv/em* For electric fields 
slightly below these values, a reversal sign was 
not observed* The sign of the effective charge 
on these latter electrets, as indicated by the 
instrument, was in contradiction to the 
reports of the literature* However, for those 
electret® yielding a homoeharga, the signs of 
the effective charge on th® surfaces were in 
agreement with electret theory*
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The magnitude of the effeetlve surfaoe 

eharge density wee of the .order of S eeu/o»s 
which agrees with previously reported values* 

Beoom?neadations• It is entirely 
powsihle that'through ingenious aethods an 
electron tube eleetrometer eould be calibrated 
to yield fairly accurate absolute values of 
effective surfaoo oharge densities* The elee* 
trometer eould achieve this only under atmos* 
pherie moisture eontrolled conditions* With 
these eontrols the electrometer eould be used 
to obtain data rapidly to study <uantitiee of 
substances being tested for the electret 
effect* further investigations could possibly 
reveal that electrets made with low field 
intensities, or due to the other conditions, 
have a reversal point Immediately after being 
made*



52

, FXGiras. 1* ,

CHABACTMISTXCS’ Of VABIOO SVBSMCES
r 1 ' } < I 1

SubeteneeB.salable , Sub#tanoeai’. givingof persaeaent 
pelariiatlea

vpluae
* 1

Tleiaing Y lei a Ing- Surface
<» # » 1 1
Wo'

hetereahargea also oharges . permanent
■HomoeharRea charges

Aeiai* Carnauba Cetyl......... Paraffin
group* wax ■ alsohol wax

Glaae Beeswax Cetyl 
Balui*

Palmitic 
acid

RaBla Bolar
hydro*

tat#
stearie

Sulfur - earbons Ron*polarTe J#Myur ©•*
acid

Eater# earbona l,8*Sinltro 
naptha*

Alaohols Stearani* lent

i asphalt##
lids

Seekay
, wax

1

eY* Gutaaaa, ileetret,* Review*
M .^*<1.61* 201468, ^ulyt 1048,



53

FIGURE 2

ELECTRET OVEN ARRANGMENT
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FIGUl'^E 3

FIRST ZTTRMPTFD VA'CUUII TUBE ELECTROMETER CIFCUIT
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FIGURE

VACUUM TUBE ELECTROTCTER CIRCUIT USED TG' OBTAIN

. DATA
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yxavas 5

KKY TO SYMBOLS TOM tACXTOM TOI MBOTBOMBTIH
ciHcuiT os- riGoa iv

• S500 oh3i wlre*wound potentiometer#
Rg * 100 ohms*
B$ * 1300 oime*
$4 * 1000 ohm wire*w©un6 potentiometer 

(normally set at tSO ohms)*
Rb • 350 ohm wire»wotxn6 potentiometer 

(normally set at 350 6 ^IkSI fll 1 n
Bg * R50 ohm wire*w@una aSjustahle resistor 

(normally set at if0 ohms)*
By - Grid resistor, lO^X ohms*
Bq * Shunt for 0*100 pe range, approximately 

1300 ohms*
Ry • Shunt for 0*150 m range, 885 ohmo*
>1 * 3>ry sells, 18 volte*
Sr ♦ Dry Sells, 1*5 volts*
(*a ■* Measuring oapaoiter
VXS803 * 'Vietoreen eleetrometer triode
S^ * 8* p* s* T* toggle switeh#
8g' • S# P« S# T. toggle swltoh*
Sq • Shorting switeh
@4 * Plate ourrent sensitivity selector switeh, 

range a, 0*50 pa*
Sg * Plate■ourrent sensitivity, selector switeh, 

range h, 8*100 pa*
* filament circuit ammeter, 0*15 ma*

Mg * Plate current microammeter*



FIG 6-A ELECTROMETER FIG 6-0 ELECTROMETER

FIG6-D ELECTROMETER.FIG 6-C OVEN
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lleetrei I Carnauba wax. • 50^ Eosin *
Made **15*51
Polarising . Vol tage 8*7. lev
Polarising Electric Viol* 9*8 kv/oa
TnioKness 0,294 em
Eange C

Symbols». .9..1..Sur£35.e 2_-_B.<?.1itss S_-..T.°2 >'

SSwJSt . " 8 . . dp CM _ So a* <4/k(10*8)
*•15 • B 8*25 8.09 15*0 47 .5 *1 * 41
4*15 B 8*25 8 *.0 6 15.0 46 .0 •1.13
4*15 T 8*21 .6.07 0 ■ 22.0 ♦ 1.28
4*15 T @«22 @eO7 0 22.0 ♦1*19
4*16 0 8 <28 8.1C.X -16.0 43.0- • 0.99
4*1* B 8*28 ' 8*09 16*0 43.0 •0.98
4*1 * T ’ 8*22 ■. 8.07 0 .-‘■24*0 ♦ 1428
4*17 S ®*80 8.04 16*0 37.0 *0.91
4*17 B 8*20 8.08 15*0 35.0 *0.74
4*17 T 8*22 8*07 0 20.0 ♦1*09
4*17 T 8.23 8.06 0 22.0 ♦1.05
4*18 B 8.29 8*18 15*0 19.0 *1.12
4*18 B 8.29 8*15 . 15.0 1 9 ♦OHu *1.15
4*18 T 8.1® 8.05 16.0 20.5" ♦r.2i
4*18 T 8.19 8*04 14.0 20*0: ♦1 *09
4*23 B 8.10 7*93 18.0 16.0 ♦ 0.48
4*23 T 8.12 8,08 18.0 24.0 •1*77
4*24 B . 8*11 7.92 1.0 17.0 ♦0.87
4*24 T 8*11 7.96 17*0 29.0 *0.94
4*25 B 8 .14 8*02 21.0 1.0 ♦1.51
4*25 , T 8.1® 7*95 15.0 35,0 *1.09
4*24 B 8.10 7.95 4.0 23*0 ♦ 1.33
4*«26 T 8.18 8.05 14.0 29.0 *1.22
4*27 B 8*15 8*02 0 23.0 ♦ 8.03
4*27 T 8.18 8*0® ' 13.0 36.0 *1.52
4*28 B 8*10 7*93 5.0 25*0 ♦1.24
4*38 T 8.17 8.03 16.0 33.0 *1 .28
4*29 0 ■8.13 7 *93 - 8.0 20.0 ♦0.63
4*29 T 8.09 7.93 18.0 ®2.0 *0.26
4*30 B 8.13 7.95 3.0 ■23.0 ♦1.17
4-30 . T • 8.17 8.04 14.0 16.0 *0.33



(

XX

lleetret »©♦ 8 8$^ Car»«uba • ?S^ Koala 
Koltea-Mixture 'Temperature 8SS®<? 
Polarising -Voltage SMv 
Polarising Sleotrie Pial< $*T3 kv/om 
Tiilokneaa 0*308 e» 
Hauge G

«•*!*»<•*♦< 

^5 Si "tf Si s 6oCM ..4etM Sa__ »e Q/k(10*8)

4 •28 B 8*18 8*02 1®.O 45,0 ' •1.85
4»28 T 8*18 8.0 2 1.0 23.0 *1*58
4»29 B 8,16 8.02 18.0 39.0 •0*98
4-S9 T 8.15 8.08 0.0 80.0 ♦1*62
4*30 B 8*15 6.0 3 15.0 44.0 • 2*55
4*30 T 8.18 8.03 0.0 25.0 ♦ 1*®6
5*1 B 8*16 8*02 1T.0 23*0 •0 .60
5*1 T 8*16 8.01 0.0 15.0 *1*06
5*2 B 8*18- 8.02 16.0 19*0 -1.98
3*2 T 8*18 8,04 6.0 11*0 *0*36
3.3 B 8.18 8.00 16.0 19.0 •0*21
5*3
3*4
5*4

T 8.15 8.00 1-8.0 15.0 ♦0*4®

5*5 B 6.18 ®.9O lf.0 21.0 •0*26
5*5 T 8 fl 5 8,-02 4.0 1® .0 ♦0.81
5*6 B 8f13 ® ,9$ 1® *0 21.0 •0 .2®
5*6 T 8.1® @•-0 2 1® .0 ♦ 0,81
S*? B 6.18 8.02 13.0 13.0 . 0 . 0
5*r T . 8 .18 8.02 -6.0 8.0 ♦0.2®
5*8 B 8,1® 8r03 18.0 18.0 0.0

01
08

®
 

t.«
 i 

<O
«D

O
) T 8.10 8.01 ;x .o 11*0 0*0

3*10 B 8..ir 6,01 6.0 2*0 ♦0 .14
S-10 T 8.1® 8*01 0.0 0*5^ ♦ 0 .03
5*11 B 8.18 ■8*88 • 2«v 16.Q ♦0.93
S*ll T 8.18- 3.-02 ® ,o 13.0 ♦ 0.6®



•soil XXI

Sleot^et Ha* 5 25$ Caraeuba wax * f5$ Basin
Molten Mixture Teaperature I50©G
Polarising Voltage JKV
Polarising Sleetrio Vielft 9.xbkv/cm
Tliiakneas o-sobcm.
Bange G

^5 $ ............... . ao<M 4eCH -Jo.... Q/KUO-8)

4*30 B 8*08 7*92 13*0 . 42*0 -1*78
4*30 f 8*14 7.95 2*0 28*0 ♦1 *44
3*1 B 8.08 7*91 17,0 27*0 *0 *62
5*1 T 841 7,92 3*0 20*0 <0*95
3*2. . B 8el3 7*95 ' 14*0 18*0 -0*23
5*2 T 8*1® 7*97 6*0 13*0 ♦0*41
5*3 B 8*08 7*92 15*0 21*0 *0 « 40
5*3 H 8»11 7,93 6*0 16*0 ♦ 0*39
5*4 • B .
5*4 T
5*5 B 8.09 7*90 17*0 28*0 -0*45
5*5 T 8*13 7*92 , ■ 4*0 22*0 ♦0*95
5-6 B ,8*09 7*92 14,0 23*0 *0 *68
5-6 T • 8*12 ■ 7*93 8*0 21*0 ♦ 0,72
5*7 1 . 8*13 7*93 20*0 25,0 *0,26
5-7 T 8*12 jjjt 3*0 7,0 ♦ 0*21
5*8 1 8*13 7*92 17*0' 16*5 *0*03
5*8 T 8*12 7*92 8*0 2*3 ♦0,02
5*9 B
5-9 T
5-10 B 8*10 7*93 4,0 7,0 ♦0*18
5*10 . T 8*13 7*98 19*0 17*0 ♦0,10
5*11 B • . 8*12 7*93 2*0 20*0 ♦0*99
3*11 T 8*13 7*92 2*0 18*0 ♦ 0*83
5-12 B 8*10 7*90 2*0 22*0 ♦1*06
5*12 T 8*15 . 7*93 2*0 21 .0 ♦0,87



TASIS XV

Xleetret 4 Oaraaab* wax * Beain 
KaSa 4»14*58 
Maltes Mixture Temperature 180®a 
folarizing Voltage 8*f kv 
folarizing Bleotrio EielS 0»4S kv/en 
Thiokness w ■@•>1® ob 
Bango ©

Mis. -leii 4aCM _2a— J!*— flZJc^lg
4*14 B 8.26 • 8.10 ■ 16.0 14,7 *1 *28
4*14 B 8*86 1*08 16,6 47*0 **1 * X 4
4*14 T 8»23 8*08 0 . 23*0 el»24

T B*« 8*06 ' 0 . 22*0 ♦1,19
4*15 ■ B . 8 ♦28 ■ 8*12 16,0 46*0 *1 *25
4*15 B 8»28 8*13 16*5 46»0 -1*30
4*15 T 8 # 28 6*17 0 , 23*0 *1*69
4*15 T 8*28 6*19 0 24*0 ♦ 2*14
4*16 B 8,28 6*13 16*0 40,0 -1,08
4*14 B 8*28 6*11 15*0 40*0 -0*99
4*15 T 8*19 8*07 0 23,0 ♦1*54
4*16 T 8*19 ‘'.@♦03 0 19*0 ♦1*02
4 *1^ B 8*30 8*16 16,0 30*0 *0,70
4 *X B 8e®0. 8*16 16*0 28.0 *0*61
4*1 V T 8*31 8*18 0 . 21*0 ♦1*32
4-19 • T 8*31 8*15 o . 82*0 ♦1,37
4*1® 1 8*31 . 8*12 0 . 14*5 ♦0*66
4*1B T 8*31 8*16 . 0 . 19*0 ♦1*05
4*X3 B 8*21 8*05 0 10*0 ♦0 ,74
4*85 T 8.0* 3*0 6,0 ♦0*28
4*84 B 8*11 T * 91 0 20*0 ♦1*06
4*24 T 8*20 • 8*04 0 14*0 ♦0*93
4*25 B 8*11 7*92 1.0 20.0 ♦1,06
4*25 T 8*11 8*01 .2*0 11*0 ♦0*95
4*26 B 8*20 8*05 7*0 25.0 ♦ 1*27
4*26 T 8,15 @,04 4,0 • 14*0 ♦ 1,06
4-2f S 8*80 8*07 0 25,0 ♦ 2,03
4*27 T 8*16 8*02 ■ 0 18*0 ♦1.13
4-28 B 8*23 8»08 • 0 25.0 ♦1 .7 6
4*28 I 8*15 7*98 16*0 10.0 ♦ 0*37
4*29 B ' 8*21 8*0® 0 15.0 ♦0*99
4*89 T 8*20 8*05 ■ . 4*0 • 5*0 ♦0,01
4*50 1 8.15 7*96 4*0 27*0 ♦1*28
A-SG T 8.IT 8.01 4.0 17»0 ♦0.76



TABIK v ,

llaetret 5 50% Carnauba wax * 50% Boaln
Made 4*lf*5S
Meitea Mixture Te»>e‘rature 100®G
felarlxla® veltage Se5 Xv ‘
>ularislng' eleotrie field 9*65 tev/em
Baage <*

llJLt . S_^ ... «qCM CM 0/k/lO*8)
• 4*lf B a *24 8*06 16*0 47*0 "-1,13
4*1? B 8'e 2 5 8*06 16*0 46*5 -1*09
4*17 T 8*88 ^■*05 0 21*0 ♦1.01
4*17 1 8*22 8*05 0 24*0 ♦1*13
4*1® B 8*08 7,90 ' 16.0 32*0 -0*63
4*18 B 8*08 7*90 15.5 31,0 0*60
'4*18 ■ T 8*25 8*05 16*0 30'»0 ♦0.49
4*18 T 8'* 2 5 8*405 15*0 29*0 • ♦0*49
4*85 B 8*14 7*99 O' e.o ♦0*59
4*83 T 8*14 8*08 .16*0 24*0 -0*51
4*84 • B • 8*18 7*96 0 13*0 ♦0*91
4*84 T 8*15 7**96 17*0 39*5 -0*70
4*85 B ■ 8*16 8*01 3*0 20*0 *1*20

. 4*35 T 8*15 8*00 15»0 37,0 -1456
4*36 B 8*17 7*98 .... 3,0 24*5 ♦1420
4-86 T 8*18 8 ♦ 0 3 . 15,0 3940 -2.11
4*87 B 8* OS 7*84 1*0 24 *0 ♦ 7 *84

' 4*27 T 8*03 74 88 17*0 35*. O' -1427
4*38 S 8*14 8400 0 18*0 ♦1434
,4*88 T ' 8 *03 7488 9*0 24*0 -1406
4*29 B 8*15 84OO 3*0 27,0 ♦14 35
4-89 . T 8*15 7*98 15,0 27*0 -04 81 .
4*50 B 8*11 7*94 2*0 25*0 ♦1436
4*30 T 8*14 8400 1540 35*0 ♦1452



fOM VX

Sleatret S©* S 75^ ©arnaeWe wax ■* S5^ Realn
Ma.S© 4-15»52^ ■
Moitaa Mixture Teaparature -
Felarlzlag<T©lt«g© a»7 fcw ■ .
Pelarizlag Xiaetrle Halt .5*33 lew/am 
Thicknesa 0*31® am .. .
Basge C . ■ .

Date w 6£c.M e/kfio*

4*15' '8*1® • 6*06 ’■ 0 *' 15*0' ♦ 0*99
4*15' ,. 1 . aa.e / ■ 8 *06 / 0 . 14*0 ♦ 1*02
4*15 f . 8*19 . 3«i05 . 14*0 ' 47*0 *1*86
4*15' . T .■saa• 6i(04 . 10*0 . 46*0 *1»7S. '
4*16 1 ' B . 8*19 ' 8*06 ; o 29*0- ♦1*7 5
4*16' . B . efi9 . 8*05 o . , 28,0 ♦1*58
4*16" f - 8,16 ' 7*98 16*0 , , 47,0 *1*13
4*16. T ■ 8*16 . 8*00 16.0 / 46,0 -1,25
4*1 W B • 8,18 8*02 0 6 32*0 ♦1,56
4*17 B . 8*18 • 8*04 . 0 . 31*0 ♦1*73
4*lf - T . 8il8< 7*99 ll*o . 48*0 **X <
4-17-' T . 8*18 : 6*05 ? 11*0 . 41,0 -1*57
4*1 f ■ B e«it 1 8*06 0 . 25*0 ♦1*53
<*1 a 1 - 8*18 t 8*04 .. 16 *0' . 35*0 -0*94
4*33- / ■ B ■ 8*09 ; ■ 7*93 / 4*0 . 14*0 ♦0*66
4*23. ■ 'T : ■ 8*09 . 9-.* 9 2 ‘ 16.0 * 24,0 -0,49
4*24' B 8*09 ' 7 .90 1*0 1 26*0 ♦1*35
4-24 T . 8*09 . 7,92 16.0 31‘O *0*93
4*85 B 8*06 .7*91 0 <25*5 ♦ 1 *79
4*25 t 8*10 . 7 ® @1 17.0 33*0 *0*94
4*24 B 8*09 ,7*93 0 29 .0 ♦1*91
4*26 T 8*06 .7*94 .15*0 ,35*0 *1.66
4*27 B 6*08 .7*91 0 30.0 ♦1,67
4*87 T 8*09 7*94 16*0 42*0 *1.83
4*28 B 8«09. 7*95 0 29,0 ♦2*18*
4*28
4*29

T
B t:§t *»

n
4

H
e® lS:8 ;L-i8

4*29 T 8 *08 7*91 12,0 23.0 •0*73
4*30 • B 8*06 7.92 5*0 27*0 ♦1*65
4*30 T 6*07 7*92 13*5 37*0 *1,65
8-1 ' B 8*06 7*91 4*0 22,0 ♦1*36
3*1 ' 1 f 8*09 7*98 12,0 19,0 *0*46
8*2 . B - 8*05 7*93 0 ■ 12<0 ♦1 *06
5*2 • T ■ 8*10 7*94 12*0 14*0 *0*13



fy

VXe xieatret So, 6) ■

21XS. S' ■■ ' , _ 6eCM, 1 ..... ' . ®« azsfio^J
S*3 B 8,65 7,90 5 *0' 10 ♦© ' ♦0*84 • •
s*s T 8,10" ?<90 16,0 ' 16*0 •0 *04
s»s . B .. 8,0 . 7,89 1,0 21,0 ♦1*00
gw-S ■ T ' @•09 , 7 <90 l^.o 28,0 *0,61

B 8,0® ?.91: ■ 3,0 ' 80,0 *1 *06
5»6 ■ T 8,08 9,90 ; 14,0 23*0 - *0,65
6»? B 8,08 7,90 ■ 3*0 13,0 ♦0,59
S»? ' T 8,09 7,98 18*0 22*0 *0,25
5 •8 B 8,08 . ? <91 ' .4*0 ■ 7*0 ♦0*19
S*8 ■ Y ■8,08 7 •90 13*0 14,0 *0,06

B • s;06 7 i90 ' 4*0 6,0 ♦0 415
8*8 T 8ilO ? ,91 5,0 4,0 *0 *16
S*1Q S 8 •09 8,01 0 ’ 7 *0 ♦0*93 '
6*19 f ' 8,00 7*9® ‘ 18,0 28,0 *0 *53
6*11 1 B 8*08 7 <90 ■S*5 ' 24*0 ♦1*26
6*11 T ’ 8*09 7.90 ' 6*6 '10*0 *0,19
8 *18 B 8,09 ? <90 ' 8,0 30*0 ♦1*55
5*1® f 8,10 f *91 13*0 36,0 •1*35
6*16 B 8*18 7*96 8,0 2440 1*37
5*16 T 8,18 7495 17,0 ' 38*0 •1*01
5*1? B 8»13 7 495 ' 16*0 1640 ♦0 *06
6*lf T ’ w ' » ♦ *H» W'
5*1® B 8 <18 7 491 16,0 2840 ♦0459
5*18 ■ T 8*16 7491 ' 15,0 17*0 •0*20



ya
TABXI • VIX

Meetret W©* t Carnauba wax-* 25J& Basin 
Ma<® 4*11*83 
Molten Mixture .Teaperature It© 8 
Polarising Voltage l»f Xu 1 
Polarising llestrlo Field ?»14 kv/oa . 
Thlokness '0*04 oa > . . ,
Benge 0

1

4qcm iatM
- . T

ti/le/^lO*®’

4*11' 1 M25 8 U 8 ' O’ 1240 ♦oie®
4*11 1 @♦■8® 8*08 •• • O' 16*8 ♦0*?4
4*11 T 8*21 8*04 , 16.0 30*0 -0,58
4*11 t 8«22 8*8® . 16.0 29,0 —0.54
4*13 > B 8*24 8*09 0. 23,0 ♦1*09
4*13 B 8»«4 . 8 *•19 ■ 0 23.0 ♦1*09
4*18 T S»25 8,09 16.0 33*0 ' -0*82
4*18 T 8*25 8*10 16,0 31 .0 —0 * ? 2
4*14 B 8*2? 8*09 . o, 2?#0 ♦1*19
4*14 1 8*25 8*09 o; 29*0' ♦1 *41
4*14 T 8*2® 8*09 16,0 44*0 -1*1?
4-14 T 8*85 8*09 16.0 44 .0 -1.1?
4-18 • B 8*2? ■ '8,09 ' 0 2? ,0 ♦1*19
4*18 B ■8*8? . 8*08 . 0 28,0 1*16
4*16 T 8*22 8*0? . 14 iO -1*19
4*15 I . 8*22 : 8*0? ■ 14*0 ■ 40*0 -1.19
4*14 ' B 8*2?. 8*11 0, 2?.O ♦1*33
4*14 T 8*2? 8*09 14*0 40*0 *0.99
4*lt B 8*25 8*06 0 2B.0 ♦1*14
4*1? T ■ 8»2? 8.01 - 16*0 40*0 *0*62
4*18 B 8*28 8*08 0 20,5 ♦0*99
4*1 S T 8*2? ' 8,Of 16.0 23,0 *0*25
4*83 B ■8*16 8.00 4 .0 1?.O ♦0 * 81
4*33 T 8*1? 8.05 . 9»5 , 20*0 *0*88
4*34 B 8*-l 4 ?»96 0 20.0 ♦0*10
4*84 T >*14 8.00 - 16.5 '29*0 -0*10
4*35 B ©•IS 8*00 0. 19.0 ♦1 >1?
4*5® ■ ®»15 8*03 l?wO 28.0 **Q * 9 8
4*3® ' 1 ■■ 8»16 8*04 0 20 .0 ♦1*?6
4*86 T 8*14 .. 8.08 l?.o 26.0 *0,85



(TABix W/Bleetret f )

iW****weN*!^M**^

Bate'- S.. ' <@CM • ■.. «o^ ... * e/xiho**)
4*gy' ' »„ ' @♦18 ' 8ed8 ‘ 4»0 ■ * so«o *1<»8
<* 2? ‘ f ' @♦18 8*01 ’ 16,0 ■ ' 21,0 *0 • 31'
4*28' ■ B @•18 ' 8.0 2 ' f*0 * 20,O 41 •01'
4*28' T f 8,18 ■ 8«03 ‘ 14»O ’'19,0 *0,3S
4-29' A H «I# 8*Xf ’ 8*0 2 4 e0 ' 16,0 *0*881
4*29' T ' s»ir 8 ♦04 ' 16e0 * 14 *0 ♦0*30
4*30; :* B 1 @•16 * 8 *00 2 ♦0 ' 21 #0 *1*19
4*30* T ' 8 ♦14 @•02 ' 2,0 ' 12*0' ♦0»59



80
T4S&X IIIX

Relative HuslOlty. Bata, V* 8e Weathep Mtssu,.
Airport Station, ' .
Houatan, Taxao*

1MU* JLSXXXlcJweWWi ’’ wSXSwww isslAilillL
V . 59 16 " 59
8 55 19 ek 9 63
3 . 94 ‘ . 1® ■' 96 ’ ■
A ' 35 19 90

■o; - 31 30 '■ 90 - '
6 . ' 51 21 86
»'. 68 28 92 : •
8 ■. 68 23 56
9 ’ ■ ft 24 - 43 • •
10' 69 as ‘ 55 -
11 9f 26 ■ 2T
18 68 st ■ 41
IS 49 «. 1 28 41
14 38 st ; ' 52
18 ' 51 . so . . SI.  . /; ,,

■ ' _ J-—IeJLAS52_——
1 ffii .11 y t 1 .j .....T • **JB2eX«*e ^.1

I " ■ 60 12 41
8 49 13 42 - .
3 65 14 ' 54
4 „ • 51 15 ■ 6®
5 38 16' . fS
a 43 If 83
f,v. ■ 69 • 18 . 9?
e .. 65 19 94
9 , 98. 20 . ' 31
10. S3 21 , 66
XL__ __ WWWWW^WM^ ... . 80 ........



Bl
T.&B&S IVX

ISeeareaee ef Kiel's et Heatret
With $>isteaee Fr©a Sui-faea

1 # - ‘ *

k al , •wwwjES****** 6 ** W*W(W®1WWNW,*- »e
KUN fl •

©as 6*0® > 13 3 18 15
©ar 8*0 5 18 3 14-' 11
8,15’ ' 8*03 10 1 15 . 9
sas 8*03 • 8 10 . 16 6
aai, 8*0 8 18 16 4
8 *ot 8*03 -14 11 13 2 •
8iOV 8*03 ■ 3 . 11 2

BW 'f^,
>- e

:

a a®: 8*08 IS 11 83 12 '
©ar, , 8, *06 13 . 10 22 12
©as, ., 8*05 . 18 . 8 16 6
8*13 8*05 8 . f 14 7
eai,. 8*08 6 . 7 12 5 .
8*09 , 8*08 4 7 10 3
8*07. , 8*06 6 5*8 • ■ 8 2*5
BW >3 -

8*19 8*06 13 9 20 15



TABtt , X

68

Data Far CaXlBratiaa at In'atramaat
Witli Caadaaser

Si0

■ 0 3 5,-5.' ' . 23*455 er • s
* 0 '85.*© 23*0 ' ef *5
* o 4 84e© 24«0 tf .9’AV© 24*2 . If*©
: 0 ■ ■ '20*0 2©,*0 . 45*0
' 0 •gOfg • 20*5 45*0 -

< *4TG . 20,25 11*9
0 14,0 14*0 22*5
0 15«0 14*0 22*5

- D ■'14 •© 14*0 22*8 =
c •ATG . • 5.93
- 0 - 0#0 t*0 . 4*0

’’ 6 8 ♦ 0 8*0 .4*0 *
v o ' -caeS . 8*6 . 4*0 '

■’4VG 8*3 » 1*59-
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