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I. TOROUCTIO

In cn carlier eorlcultural ern, nLy wos curad in tie
field wntil Ary €nou il Tor scfe i ture stora_e. Ztch forrerp
hed iils own nocculior pole to deternine wien thc woisture
content of tie nuy i:id reac.cd t.ls sure value. Galined tarough
Jseers of experience but STobibly net teoo aceurate, the personal
obscrv: tion met.iod vas tie orily one cvoilable to the rerner.

Tocey ticre are cbout £50 ey ariers or rinishers in th
stete of Ilic..ian wnd over 5,000 in tiic Tnitcd St=tes.

Hunierous rescoren projects Lave been conducted to dcternine
the nroner hiy reisture ceitents €t tiie tlue of steruge for
the virious systens of dricrs. T..ls Inroruction becorcs of
little velue to tho rercer 1T he pust still rely on ti:e old
Lictaods orf eCtine ting nolsture content. Prosent srectices
consist of stering t..e oy at various moisture contents
betieen 25 percent «nd 4% ~ercent geencding on the tyoe end
Ctpacity or the eretem and thic wrount of hty alrcedy nleced
0 tae drier. Tiis cordition contrasts vith tie sitvation
before the use of hey driers wien tiac I.rier wes only inter-
¢sted in one meisture content; tiot is, tie noisture content

for safe ctorsge with nuturel ventilction.



In view ol tiie necd tnd doriand Ior & deviee wizich wouwld

crncule Uie Terner to ranidly deterr.ine tic roilsture coutent
orf horr

7 before storige, tinc Investisctions described in tiils

tiicsis vere conducted.
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IT. ©IVIZw CF LITL:aTlHE

etilods flor dete ning toe nelsture contert cf oy
cin gereralily be clossificd ¢s eltucr direct cr irdircct.
lost srccent ret..cds enloy the dircet rictiof viiich denendc
on cbesolute drying of tie scrole by tre exnlicat’on of hect.
Tae cerncle 1s wielisied Lot beforc end citer dryings aend tle
ncicture contert colevloted 1o tio
difference bcticen the tuo veisits. Toe SZrovn-Duvel ret.iod,
Pz1is ret::0a, oven or,in_ mcetaod, end Dextir tractor oven
netinod tre «11 exanles of tihe dircet reesurerncat of rcoisture
centent.

Al nfdirect retoaod coisists of using tac nolst noy to

nroduce chii_cs in e oyrirfar detceter viienhr cnn be correlated

—

with tl:e rcisture contcet cof tihic szrmnle. Corzcitonce rietiods

e IeSLotLice I

[$4]

hiocds ere ercr cles of indirect nedsurencerts..

(@)

A. Diroct Lot ofs of lcosvrenent

(

T retiod

v

1. Zrovo=Duvel 1otied, Tads ercet liveriter
— —————— ————— A o

LI

158 bteen in uce for riry recrs to dcterrine the rolsture content

1 .
The cm“@nJ’“CP-Wﬂc reh.od oy tihe eczleulction of
cis G )

r.cisture content is on ti:e vet busls o
thre folloving formule:

Percent lLoisture ecusls (uot viel nt)- (Ory weisnt)xlco
(et weligint)

-

Tnls ecuetion ic used tonrovgnout thiis work. (Touction 1)



oi 511 Toris ol retoerizl. T..c tust con

w

Ists o0i bLolling

(U]

vicioaed scnple in =zn oll or oti.er rluld iwving & Lizher boiling

e

Soint toon veter thus arivisg ol tihe veter in tihe form of

crseq VWLTLEr

[N
\

stecme  Tiiis stecr. is tihcn condensced ond tiie con
velszhed cr toe volune newsured noorder to crlculite the
r.oisture contuent of tlie sorle, Tiils retiod is llrited to
ti.e rescoreln lulorctory ornd 1s oot procticel I'cr tiie Iermel.

"Ze 2rizs netoode In 1CZL Devies (14) ronticned & nctoiod

Lolcture ecntont by the vece of cilelum coriide,

Poras (TL) in 1841 uscd t..ls ~rincinsle end develorned &jaratus

cf ecoledivy: corbide vite: tee Ley wwr e te outiin @ recction

m

Ti.e ciacrrcal ecurtion for tie
process 1ls s If'eollcus:

~lus Cgﬁg
=1l (eet) (Couation 2)

.

re Lcleture In plont

- e -
g IcunG

cetunl relcsture cootert

o
b
o
[€a]
)
o

. o mar vy e o P Y= s PR SRR | S A ()=
over & 116 of 10 toe 89D neredit wolsture in Irern. 10 to 25

rinvtes. 4 deviee velns tols retiied is ronuiuctured con-

rereiolly 1y e Terelo Scele Con vy, Teleco, CGilo.
Scre oi tiic oo octlons to t.ils rnet..od save vecn tihic

crell) size cr sern le (S0 Crors) wihlich linited the siznificonce

¢ tire rosults tviien on01liced to the relcture content of the



(9]

crtire r'ield wtna the tine rorvized To co Loete toe tect.

2_4‘
I,._J

cive of sur le reguized sevorel dctoerzrineotions In

=3
o

St
crder to outnin &én avercse value ror the rield. witis firtecen
r.inutcs recuired ror cuca obfcrvietlion, t.e cnovnt ol tire
soent in tecsting veg soon Cxecsgive.

e Libicroctery ovin droin; ret. ode  Prcucily tiac nost

Y

ccra o nolsture det.rr incticon netacd used LY I'eScalChh WOILETS
lovestiseting ney arying nrectices is tace léboratory electric
ovine Usuelly therrcotuticelly corntrcellec, ticse ovens cre
cneritel it & tervroture of ¢bout 130 de_rees Fo Tor & period
or 24 hours to Crive 11l meizture iron tie surtle.  Tennera-

ture cciovrol L1s dicorv.ut in theze ovens since cny chzrring

or t.e sernle Indicetes tiwt a chorlicen) reaction is tuiling
Dlice siiich will result in toc logs of ccoue dry ratter from

in gdcdition to tie voisture losse. The natire cof

ct
¥
-
(v
wn
i
@

tue equinnent in addition to tic long drying period linmits

tine vse of tiils nct..od te tl.e loboritory.

4. Dorxter trictor oven rotinod. Dextor (A7) in 1647

develoed @ rnetl.ed for reosuring rolsture content by tiie use

-

of en oven attocied to tuc exheust pile of & troctor or any

S5.8€8 viere

<

otiner internzl corbustlon en_ine. Tie not exhéust
allcved to puss throvsh tie sangyle of hry wiich was »luced

v

in the sinle, homerade cven. The terercture of tie exhcust

Cases :nd hicnce tihic hecting oi the strnle wies controlled by

of the trocctor enjine.



This nctolG wog used Ly Inciinericinceed coacritors to
cetornidne nnm roisture cowntents iica vaericd ncot nore tiian
tirce percent from tie volucs Cetorniinca vy t.: elcetrice
oven netiod I'c1r stcannles ircer tite serc ne uvlotion.  Alout
six ninutes veire rocuired I'or toe Zcetusl Cring Hrocess not
including tioe tine recvired to celect enad vwieih the serble
end tae tihe recesscry to calculute the nercent ncisture.

(A roisture content ciioxt weuld 1educe t..is tire to about
one ninute)

The rein cbjeetions to t..is retiiod @nreared to be tae
follovwinzg: (&) Loste on the »ort cf the operstor oy pro-
duce iy tererstures resvltlrns in burning of the stiicle
and incceurcte resvlts, cnd (b)) Since scversl tests wourld
e ncecccry te obiadin o roprcecentitive velve ol the meoisture

cortent oi tiic entlire ield o hoy, toac tine consw.ed weould

Le exccessive and thie troctor noy be nceded I'er other work

5. Cther dirict rnct..odse A seni-cutoétic rcicture

tester renudizetured by the Dreboender Ceracriticn, Rochelle
Perkx, Illincis, 1s zn ctternt to reducce tie ancunt of lubor
in vwelighing end checuding cor2less Taoe metericl to Lo tocted
is Dluced in srpall troiys lceceted on tire circunforence of a
norizcntel rotating disc. As tic disc rovelves, the naterisl
is weigned in a ceocl zone and tien passes into a hiot zone

vhere it is iiected end tie neicture driven oif.  Constent

O



veisnt cf thie gor cle s rccourca vy tiie sensitive balance

L

built into tue rzco.ine indicotes tont tic arylng is conclite.
T.iiis device 1s usced Wit ¢.cellent rocsvlts to reosure tie
noisture contont oi secds, Irmuits, boerries ard ony other
retericl vien the size of sarnle is esucll end tie lensth of
the testing »cricd uninoortunt,.

A polsture tester utilizing en Inrrercd nect lon &s
the neat socurce is reonudactired by tiic aAncrican Creon-Drying
Devinment Coupiny, Crryetel Lose, Iilinois. Tie percent
poeisture is e oily werd Iren. thae colibrited ccale o ¢ built-
in belance. Ilo orerotin, awts cre cvoiloble on tiils device
but tic »rinecisle objoctlions arneir to be tae lensth of the
Tlsting noriod cnd tae nceclsity for o Hower concecilion

meitdn o it droprcetizl Ior certoblce ficld use..

-~

Se Indirccet lict.icds of Licusurercnt

Any oreperty ol nay waleh verics witi moisture content
&t & coeictent, nrcdetersined cnd notsired rote couvld be
veed &g & hecls for the ccterndniction of oy rclsture con-
tent, TUsine thie reesurezent torncleoly nreccnted by Linch
end Corsen, (27) @n cnclyeis or taesc ncetiiods con be outlirned
2s in TATLD I.

Altioush some resciren hrs been done, no one es ccn-
stiveoed a succcosivl iy meoisture tester using an indircet

mcti.eds  In the develomcent ol sucih & device tivo roblen

[

S

&

cre encountoercd:  (2) The dctern notion ef the rste at virich
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the Mysictl erfcet ccevrs and (L) tic dosiom fd constructicn
ol ¢ anvice tc neastre t.e ovtout quontity

1. Besist nee 1ot.00se Sined ticre 1z 8 lor o Cirrcerence

o U et e sety Sy e T .o ., -
beticen thae recictonce oi” riLbrong or roulir notericls at

=1 to ol'f.r

vorious rolstire cootants, Tols netood ot ld oy
cocd nezsivilities e ¢ Indlizition cf 1 cistuie contont.

Tiie rcsistence betihow &ény two electrodes 1s cctue L1y convoscd
oI tirve resistences, Lovevere Tiicse re tne rosistences et
the Two couotact HCoints cr G Tho registonce of tie notoricl
Letveen tie electrodes.  wit.. sclid 1+toricle, an incresce

in ccu:tret Hvorarre £t the eloctrecdes cbove o cert in volue
Hes little efffcet on rosisiiiice. A Guroen (L) Fewd tlot tie

e -+ - . J,, - ~ - . e B B T N D, S * oo
ClmTICU I¢snluLiiels vory Crx J.CW-..- Wil CLDTI_CSs 1n nclstulre

Ivon, tie rostit ¢ cls o ond otllr elseritente toet tie
electric:l recictince Lit.cen tuo (lectirodcs nliced divectly

in a pess oo ecil orfored little ocsibility s en indication

Tr

o1 soil ncistire. His conclusiong con rlso be lo icully
c-21ied to hiie molsvrencnt of rnicist ve i e

Cticcr proulers encornvered in thc roesis
meo sy rin; rcisture ccotent wre the chenge 1o conductivity
of veter wita aissclved Lwourlitics cud tie poliriz-tion effects
gt te eloetredes,  1illend (23) shotos tiot cerficetly oure
WOTe Lo ¢ ognecilic wlgictiiiee of LC,C00,000 onrs vouile

E e N - e
oLl led veher e

6]

hecelrle rosistonee off pernons



120,000 onngs. wiinii an ‘nerocoe Lo Liourities, the resisthance

i)

doerinees o ddly. T tee of ¢ ltovnar Ting ecvrrent nstond

s e oifiiet o voelirizition ot

of ~ircet eurrent clivine
tiie clectrodes,.

A roccrnt doveloorent In cn allicd ricld o1 nmolst: re
testing, thet of scil reisture, ic tic result of the work ol
2ovrcucos (7). The "Dovyouces Soil lloicture letor® yiich is

now bullt 228 seld conlooreilolly

Mluster of Yoris oo

aese tloeks cre vuried in the stant
state of ervilivrivr with the rolsturc content ol tie solls
Kline (29) e~ licg t.ils 1octiod to huy in storsge with noor
ety T blocks =nd tae Loy

cculd not L rwints Tnol. Taoietore, thc noleture content

or t..e Dlociis vos net in ecuilibrivyn with tiic ricisture con-
tent ol The hinrye IZven I sood coniiect hotuecn the hloeus

il Uiie ey ocon L Lo op oL U load, Tlis 1

cny cossiilitics fs o 1eio00 ol medstring palstize content

reulred Tor ecv  livrivw to be vedchied.

Seversl inctrwmients desion.d ror toesting the rolsture
content ol viert onermte on tic resistence nrincisle. In a
study of ten electricszl riters ror nezsuring tie roisture
content of whewt, Hryinie, Lortens, =00 anderson (Ll) found

thet toe Tog neonenstoll neter wolich rowsures tioe electricel



~ )

coucuctlivity ci wnast with £ gilvinornater Jove the ost
riaid 2nd accurste results.  Ceorrugsted steel rellers ioolch
crusih tie Sreln sonetliet &re vscd as clectredes ln tiils

g .rarctus. O tic ten noters tested, two noescred tie con-
cuctence of the ciole end ¢i ot o crited on the diclectric
vetiiod,

SRR o s tata N i~ T 5 3 L e 9
A clircet curivtb concuetivit for Jriin

.ﬁ
@]
i__
in
]
_/I
[
o
\>=
-
o
ct
¢
H

vooavanotveod by loreond Inctrvieents, Ltdé., London, vis sul-

ritted Ter tostin r o Lescrrell in

Aoriculiurel Dncincering.  The olficlzl recort of tire test
(2) etutes thet tho noeber vas uscd to test the wmoistire
cenvent of 25 srain szrocles with reisture contents ol tarce
to fourtcen norcert. The posiirom errcr cf two nercent vies
incurrid in tro o sles. Tils error is cuite lorse coroared
Wit thie cccurze, ol anotlwcr reter nemdectirred by the sun
cor vrny.. (See Cuooccitance 1cthods) Tue Ieort stutes thot
tiie rieter was used teo test tihe mcisture content of milled
dried sress fro a pneuvnwmtic drier. . This practice vias con-
sidered of cucetliontble violuce by the oificlils since "it ves
not nrectiesl to vee 1t with uvuamilled _Jress @nd 1r th; LIRSS
s boen 121124 suceessinlly it ie wlicely imovn to be of
sufficicrtly low ncistire content rfor stlc ctorage.”

Scversl cthior veausteturers reodrce roters opc;ati;g

On the resistuorce criaeinle to morsire the noisture content

of' scecds, sroin erd woed. Durnlon snd Dell (19) st=te tict
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t..ot siz royild oturers ooy piue dnctrunonts
tict o erite on eltler the resictonze, citcitunce, or npo.er

fuetor lose

rosicstance=ty e notors Tor w0l ot le

srirclrle.
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Aocording to thelr Investi_ s tions,

[N

lave ¢n ccevrecy of

~1lvs o1 rimms one ercent Lotiewn toictuire conternts of sevan

M- e -
LG

M

nireente.

is smoctor Lelow the Iiter sootvintion »oint (Lbovt S0 ereant)
tocn cbove 1t Loetvce ol the Jroeniler cniroe 1 sesictunce

-3
Ve

ot

goLoisture.

Fron @ ctudy ol t.o rednlts ol ctuer ivesti_ ters,
end en i lysis of toe vory i reslictances 1.volven, a con=-
clucicn vwes rencicd toot pcicture neters ar.loying the

resistor ce

pectes

[

I

fer & hulky net

(L'j . P .L

. N
Laiit-d

Lirte oL .t ole Ter celnect or easily con-

c gucl OS5 Lo LnG creedIn but were not suitad
cricl liie ner.
connaztivity nctoods The toorecl conduc-

tivity o1 or_an

irnereoses wite

Lritnoenent or

stn.tod o tortl tive
o .
Cist T Tiiern

no Ll eoncuetiviiy

stre.i ot linc rotio with weistu

ic 1 terisls such ¢ woed, straw cid ey

v.oisture contant Gue to tae dunscer ncleculor

Loty e e red Vit e 1lr. Do cxoerinanttdl

cortent-=-t el conduetivity rel tion-

cictore
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Leen vnlishicds  hovler ond al ron (So)
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conclueinon huoad on el

Jerirental evitonce

o1 iooC Vil stbetunticlly

»c cortent wizem tile



135

latter 1s exoHressca in ters o wel_nt ner voluwe of weode.
Tie vari ticn in k vzlu¢ f'or scr't renle, one ol ZZ shcelies
tested, s Teund to Le 0.9 et Zero nerceat neoistiire to

1.0% ot sixteen nircent relsture contont vhen tioc doensity

cf tie wecod vis 7 ~cownds per cublice focotb.e These scre cutihors

Teund tnot themal conductivity vories oorovinaiely in a

S}

2t Line mtlo witiy derielity Ifor any [lven ShccieSe

L

D:ds et cresents an drocortont problen In acentling t.ois

mnetaod to roosvring tie roeistiire convvent ol gy
v )

(]

nrovided,

4

o' covrse, trot tie sono relutloncuis 1s true fcr Liaye.

S sna Drver (C3) veed tiis not.cd in nessurin

scils Ly nesszins & curreot throch tvo

moisture ceortent of

reeistonces, cre i weist coll cnd Coie otoor in Cry o oscil.

v

7 ousing resistourcees aoving & lerce coeilfleicat or thernel
rcsistivity, the lbvestiontors wmessured tie noilsture content
oI ti¢ scil &s & Iuncticn ol tli.c resietonce v.alca veried vwith
r

the thoerol confuetivit, oif toie soil. The Tollowing: con-

clusions verce rode:

(@)

Y

(2) T.e cliwn_oc in concucetivit;” of colils &t viurlous

noisture contonts cal be nicasurcde.

m

(V) Tie thcwrel conductivie, ol scoils _ove @ roliclle
index of the so:l ncisturc contente..
(¢) Chnances in solt conecertrotion ol trie soil did not

moetericlly afTect tiic et concuctivity.
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Figure 1. Bridege circuit for measuring moisture content of
hay with a thermistor.
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Designed Ior & dircet reudln; runze ol elpnt to tuenty-elsint
poreent relsture content, tice néowlzcturers cleim e proboble

errcr ¢l nius cor ninus C.4 orcent over t..e entire ron e
Recdings ol centcltence ere wode by a1l & low roedlio

no
PR )

frecveney volte, ¢ to & suerded ~orallel »lote conocelitor Loving
- [ < . O

Rosnucessen end Andorcscon develoned another diclectric
meter Ior cstilratinge the r.cisture content of grein.  (E3)
T:ils neter accorrodates e 190 orom san o le wi.ilchh Iorms tile
dielectric of & condenser in tie nlate circuit or & triocde
crystal oscillotor. (See Fijure 2) Cuznses in canecelty due
to tie szunle cre corenswted I'or by verying tue csoaclity of
a verisble condenscr. Dot VWit: end witiicut tie scrile in
the carzclitor, toe varicble ceundenser is ad usted so tiwt
tiic conucitonce or the tuned circult is of tie correct value
for osgcilluticns to cccur in tac triode secticn of tie tube.
T.iis osclllotin stute 1s Indiceted by tie cutr_e in tie
siLccew aingle ol tiie indlcating €ye ¢l Tt oBD tube. o Tals
neter wes czlibroted witii 159 cuncles of Cinedicn nerd red
suring vileat sud tihe stasdord errcer of estincte found to be
0.6 over tne ronce ol ten to scventcen nercent nmolsture..

Gerdel end othcers et t.e Cantrel Sicrra Snew Leberatery,
Sacrarento, Californie, (1) developc<d reters to mcasure the

I'rce viater content of suow using tie dlelectric nrincivle.

e stated thet the cacn_e in dielectric constant is a logical



17

BEO

Ji
Al
\
N |
AN
|
I

]

[}

\
/1

Y

Figure 2. Schematic diasgram of dielectric type moisture

meter for wneat.




basis I'or tiic Gevelo ncent ot ery ncisture netsuring instruent

tnless tucre cre excessive losses invoelved. witi snoi,

-

crystal sizc end dcensity had a narked elfect on nower ractor

Lrt vwere dailficnlt to .casure.

ure tester I'er cattle f'cods, sceds, cchydroted

[

(‘)

12T

O

P
focdas, streaw, tobuceco und ctiwer materlisls cescribed by Jupe
(24) vws develencd vy Hurtslhorn ot tie lintional Piysical
L-borvoetory, En_lend. A sixty-crecle veltooe is exlied to

tae cupuceltor cecll and elther toc concuctlion curreant or tie

cepieitence current siilenr is In cuadcroture is rneasured.

e

(See Firure 3) Tacrelore, tae circult responds to eltier
capné.citaiice or a-c¢ conductance ciiin;cs or to Ly conbination
01" tiic two. Since & ricse in terer. ture Hrodi.cecs a declutse
in dielectric constant and an iner.cse in conductivivy, tae
corbined metrnod of mewsvrencnt cnavles over-all ten rercture
variztions to be mininized.

In 1535, Dalls (4) necsurced tine reisture conteat of
baled cotton by ncasuvring tihe cnicnse In capacitence hetvecen
tre nine ircen hochs o tixe balee Tiis net.od enabled him

to

e coertzin toitt the molcture content or Liles con.lny from
Tae nresves wes hotueen eiont end nine sercent

Ly internotionsl o rcenent at thct tiie. DBzlls z2lso in-
vestisated t..c rcosurerent of soil r.eisture cortent cnd round

thet 2 capacity bridge rot.od of rezsiring cznicitance chanses

in a buried condenser ves iroracticel on eccount of sover
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Figure 3, <chematic disgram of dielectric tvre moisture
meter developed at the Nationsl Physical Lab-
oretory, Eagland.
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losses to tiw ewrti. By tic usec ol £ resontnce neti:od e
effcet ol thils loss vies evided.

rletciier (2C) vwos wcnotucr of tie nony lovestisators
viiio conducted tests of scil nolsture content bised oir die-
lectric nictiiods. The results cf ..is wormi scenea to indicate
thet the retiiod ves & relizble indicetion of soll nicisture
end orfered oossibilities Ior scils "in situ". llecsuraents
were nide by & resonfnice nctl.cd to ¢void eff'cets of pover
Toetor chanccs.e  (Sze Figuvre £)

Tac e~ -lientlion o tuc conteltunice net..od to tiie problenm

\

wmtilon. Scaocnlcuer (27)

@]
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B - ~— [ K I A HET LN T B Ter 4w
ccodiacted sore investiootions ueing cupiceitor slotes six by
-

et inehcs.  Detooca the nlutes wue o Clyweod bex witi a
s>tces Ior nsy two inches ti.icir, Tour inciics wide and cbovt
tiirteen inehes lons. Using = rrecuency of 3.5 megi.cycles,
ne ifcund thizt meistuie countcnts ol I'eries un to IO sercent
cwve rendings of mensureble dirfcercnces.  Scionleber
corrented tint it vis ite ccositle TauLt ot.cr arren_encats
enG frocuineics fior a centeitaunce roter nisht be o better
inGlecetion of ncisturc contert.

Alcthicy use of ti.is met..cd wos rode by Zort in 1¢€47.
(22) Using o frecuency of one thousand cyeles nor sceond
Lnd tiie sirsle vridge eircuidt stiovn in Figure 5 to mcasure

c.tnoes in coonccitarce, he ovtelined rendings accur-te to

I'ive nercent roicsture contenrt. Sone dirficultics were
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Figure 4. Diucram of method used by Fletcher to msusure
soill moisture content.
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Figure ¢. ©Srid-e circuit used by lart to mewsure cupecitance.
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ves rnot develeld or vsed imrtihcr.
Rerorto woze 1recelved of doveleors ol oon o nelsture

CL Le retiod wevins Loon concucted et

tester vein, thoo diclectric retiiod o
Tie Unlvercliiy o Lobrosite o wisulis ldve beon neouentod
cer »uulisii ot tiis dote..

Drc to tig mntuvre of Cilelecirics cn’ the itet thot the
~rinelcle e vidclr vescd iIn croin tettio oo, tho cuneeiltonce

4, Ctier indir-ct rot . olc. DI

Letood wiierely one ceula cotins te
reep in stere_e. ge ensorntion ol rolsture by o szlt suen
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€9 erncoriuvn chleoride is wsc

Loy oor cridn sarple ds clove
er hiny ond 12 n~crecept l'or

i1l Lo shcoryed to (orican tiie sl

croin), cncush molsture will =1 3
erdl esyize it to cluince Tiilo test is only suiuvcule
Icr trhe leower iz its of noistric contcite



Pitt (1) develoned & voisture tester

,-1

In 1S9 Durten and

fer whest denencding on tiie chence in circuit Inductance caused

by clacing the vicest in the ceore of a coil conteinced in th

turcd plste circuit o1’ & vacvun tube. (See Fioure 6) In

1932 Duvies (14) corrented tict tie cusnces nroduced by the

nsertion of the secd in the core ci tixe ccil could be caused

by eitucr of two remsens. (a) Tie ciingée in the eifective

inductence end rosistance coi’ the coil due to eddy currerts

indueed in the sceds, or (b) a cienoc in the selr'-canccity

tlic colil duve to & cuinse in > diclectric coustant of

port of the surroundlings. be contended that Delz (D)

snoved thet tiiis cddy current el'f'ect 1s nelisible even ot
% [ ()

e

i-2ly corcducting liguid such es

reClo Irecuercics Ifer & iz

cencentroted sulfuric ecid. Divies tiacrelore velieved tlot

tiils netired ectually depended on thc cienge in self-cepeclty

of" tinne coil or diclectric comncteant of the core. 3Jefcecre re-

viewing ti.c cnalysis by Duavies, tils guti.or conducted sone
arelivinery investiy tions noting toe cuenge in coil in-

Guctance with mcicture content of hecy. Tiacse results cre

Presented in anothor sectien cof tinls thiesis..

Tais review of litcersture revealed thet no kitovwn norta-

ble instrunent cxisted for toe repid cnd cccurate determination

of hcoy rnecisture content. Althou h & srcat emount oi vork
hns bteen conducted in develcning eoosratus to messure tihe

roisture content orf soll, weood, sceds snd siniler motericls,
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Fircure ¢. Schermatic dia~rem of wheat moisture tester uased
on chanre in coil inductance with the sample in
the core. '
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little attention nés been puld to thwe recsurencnt of the

Tle rrescnt need r'or ¢ solution

r.cisture content ol nzy.

tc t..1s oroblen su__ested tne rescerca to detern.ine Leosic

rclitionc..inre end tie ccsison of sultrlile o -~orotus,.



III. TIEGRY (F CasalTTiiCo 107,

v

In order to &>l thie canceitinee 1.0t.0d to tiie meosure-
nent of hey roeoisture centent, the niture snd behovior of
Glelectric nitericls ruct le 1ully understood. Since the
develeorent or the eleetricel pover cn corrainicotion indus-
tries, « creat nwbor or investiontors heve boen concerncd

with the dielriciric preperties of insul-ting ratericls.

Tue purncce of tiis scetion 1s to correlate tiils irfornction

with tne nsroblen of rcasuring noeisture cortent,

A. Diclectric Corstant

Dielectric or insuli tin: ratcrizls cen be considered

-

&5 an asscrblace oI bound ciwl_ es or on cscerblage of
charsed perticles wiiech ere Lound tosetier so tnet thcy
caimot drift rrom one elcctrode to enctner. Tiois condition
contrasts with that in conductors, wiiich contoin free

electrons or ions. wien o veltege is & plied to a Gielectric,

the electric t'ield czuses 2 systenstic dis-lucenent of tae

beund charges rrom thelir nerrel dosition of ecuilibirium or

ti.e pesition ther occuny waen tie a--lled voltoge is zcro.

Tiiis effcct is temed diclectric siclsrizition. On renovel

of tiic volti_ e the coer_es retum to ticir nomel positions.

¢ sides cof tie

oo

aN S 4
I tuo uctel olotes “re attoe.ied to 02:0SLt

. N vy Ny e Y =
dlelcetric to Torn a cotptclicr, tac cuerce stered in the



S A A a0y = 2 e T i e -+ + - - * 3 v
Coometer Will 1o sveortin 1 to + .6 LLovit of nelrizition
I + T 1 - et hh) < m:. - LN ° ‘ - : 3 - ~ - . =
I Tie Glclecirie, T er weitinies, C, o toe ¢ ¢ citor is

(75 TveenT Y- o Ny HEPRREPR - s D . .. oA i -
CLl'ectuiy trocerticicl teo the ol o Steres, §, nd inversely

- - —

drevorticacl to tie vcelte e, E, Jrectclivs toe colerinstions

—

in the ciclectrie. Cr:

L (Ecvution 2)
Fol: '.""t"; S Yo e el ettt s A 4 . s T N < -
POLETLLLTLCONE v JoLG CLLIST LSO 15to .o CCu s L.ececora-

ing to thie lenits or tine Tivdred te forr: (n) Reoidly

Ternirs or iastentencone e (D) slovly rownin or cbhscerptive.

The tire rociiraa for o nelirizition to rowy or dicar nezr

1s IZiovn 2 the reloration +10 e,

Four ciiferent t9es of Dolirini tlons ern oceur in a

;

diclectric:  (2) Slectrenie; (V) atciic; (e) loleccler or

/

zetions coosict cf t.c Cls lreer ent off «lecetrors it mesacet

(G - -

o . L , . . ~15
to tho oeeltive nveled o £hC cton 1w oveir: In obhovt 1070

o

Ie

}-is

£teonds or ¢loloct Insicitancovsly.  Atoric nolirisitions

o 4

‘ L. . - - P s
toe result of tle dis l.cer ent o Loone vithh regnzet to coceh

ctrer in too rolectle 36 s lso cccour zleuoot ivstentineciely,

Direle Lolerizitions :ro the erfcet of t.c foolicd 1
ol nicleeules vith »ormiinert dinrle roments

snd cre usunlly <lov Forrinc.  Inberdh el Nnelurisitions wre

civsed by tine nccvnulition of free ions ot t..c intoritcos

betwoen patericls nivins dicierent condvetivities and die-

T.:is tyoc of ~clirizoctica 1s clucys slow

loctric coaste nits.
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The dicleciric consiint o ¢ notoricl is doterniined
by tiie sum o thc products of crn~litude ond couirce enterded

ovir 211 of Thie bhournd conrces in the roterizl. The die-
leetric constznt of = substinice 1s «lso derinid s tioe rutio
of" the cunccitonce of 4 conicitor roving thot snbetince as
e dielectric to thc eofmclts 2ce of tioe co celtor witii a
vecuun as tie dlelectric, The dielectric constnat of =iy

is 1.00C0CS0 wnd of & vacuuwn 1s exactly one. For =ll mucti-
czl ~rroceee the diclectiric constert of wir noy be token as

Ol

Sivee Qlobcrert Tines 1w ooy el or the vVorious

t7res ol ~olnrizations to occur, tiic toolictition of en eltcer-
noting veltooe teo a diclectric will «1low ondy ti.cse

[
o)

~
]

neolzrizotlions to occur Lo reculre & tlie 5s toon tae
perliod of tue o0licd velte ce. Trls ftet lecds to tie »he-

no.cne ot enm alouvs Giscersion, o1 & Gecrecsc in dielectric

coactznt it Inecroising froouency..

v 1829, Derrye (LD) stuted Toat thc relelnition tine
of wzter di-cles ot ordiniyy tar seriiture wee C.25H (JP)"IO
secondse. A Ireruency o less tuin ten thcusond ne_ ncycles
Der sceond wovld «1lew all pelzrizztions to ocomre. 1Luroay
Lovoin (28) in 1SU7 stuted thet the reladation tine of
woter divelor rolcenles (Bie v cr source of nolorizition
in voter ) wes ()"0 sccends corres onding to o relaxation

frecue ey of 1,600 niczoereles ner sceond.  The veriction
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hotuoen thoege tho vilves is Cretinly e to cadaltlounal
tois 1atfcx ctlion to oy neistrre
Getor dritlon, T oo vee of ony (rocucae, bolow tliese v

N I B B Ay T Cy I
OV oot the sclioricrcion o Toooo vt r Aiocle nioloenles

wenld ver; with velstore content. Since tiiese 2re vary oich

a4

frecucicice, trhe noner frecvency 1 it is rore denendent on

toe erge =nd =ceurcery of nonsural.ente.

Tiie lower lizmit or Ifrecuency Dot s sur’s tiie dielectric

v - (]

.

constert ol lwyy sauotld be nish o enovsh oso Thot tie inteyioeisl

o

-

neolearizetions do ret cortribute to thre ciclectric constont.
Tiils tooe ol nelericoticon eonld e ciyected to vory witn
thie crericsl 2nd ccllnler conceition ol tie Ny and nence
reyovi ey 1rrer: s cle te o genonle producing errstic recsulicss
0 o€ ticvsind ercles oir steond roy hwve been cve to th
virintlon in t.o.¢ tnount of interitcitl olorisotions illeh
occcuirred. cLroc.colsty () rencrtod Tt tie ure of o low
redlo Trecueney ellripcted fiie orilt »erdisss oneoanteied
Jaen an osudio frecuencey wns vsed to reesrre tie dlelocirice
corctioat of wiicnt. A~vcrently, tiac vee of 2 frecuency Lich
enovch to ¢limincte ¢rirt rordings cnd lov cnovgiy to pernlt
ecsc and necurcey of necsurerent 1s cssuenticl To tie sue-
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svrerent ot ney moistivrc content by tihe dilelectrice
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1. Efreet ol fer erture on 81 leckric constunt. The

Lo cor errect o1r tennersture on dielectric constant is oro-
neced by Tae corages in tie ncunt ol helorizotlion couscd
by the orientiticn of tiwe ¢icle nclecvlesse A licvid or
s centains oy rolcceoloes walen cre coatirveusly vnicr_oing

ra e Lo

tronslitieontl cnd rototionsl wotione T.e eiiect or tn ia-
CyencC In Lo erature 1s te Incrcioe tiils rcetlon sl to
reevlt in & racdow orient-ition of rn.oleculus. woien the rnoteris
1s sub_ected to =n electric Jleld, t.oe Gincle nolecules tend
to be ali_ned by tiic rield. An Increuse in to ercture will
oxocse t..is tencorey wnd, lence, result lin & decrence in the
amcont or pol:zrisctlons. A decresse in tersercture will

produce a decro.se 1n the thermal encrly resulting in less

jj—

rendon. crientitions of Tioe nolectles and en ineresnce 1n the
arount or poleurlisctions end Gilclactric constinte.. ILlost
nstericels neve, thnerelcre, & ne

conctant with tca huersture.

Ze Diclcetric conctint of srepulir riterisnls. Tae

terriired by constructing & cancclitor novin: the nitericl for
& dlclectric.s I & Zronulel witerinl sucn s vinwedt, wy or
1lour is nleced betineen tie lotes cf @ cooscelter, the
ncasured co ocitonce will be thwe result or the dicleciric

7

constant of tine raterisl end the dlclectric constent of the

air in tue s)iees between tue norticles.  Yevstionereov

ative cocriicient of dielectric
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gotern e te vordistion o thie clhsclute diclectric constan

of tisciits, 1lour crd suoir using tue rolatlonsidlns nreserted

Tollouis:

Tiie Gdlicelectric 0fnst: ;
dielectric costnt of tre

viiere i, is tle diclzetric comstent cr the nixture;

kl =nd k., cre t..e diclectric consturts of tie

~

two conhonent wris;

¥ ound yoore tiie froetlons of velrue occujied

Lor i coo sonent rts.
© o.c notericl is sir, toen i, ecucls one ond,
~
X

i ccuznls i
o 1

or, log kv ecutls x log kl

=nd, lo; ¥q erucls log Kr

X ernels  wvd
vhere a is toic welgut of tae suvstince
v is tr.c volune of tae mixture

tl.e s»heellie crevity of ti:e substllnce

o
|_J-
rn

vd log k.
log ky cquels 73 I
(Zevetion 3)

anclyels of thiis e tlon Wity reierence to hiwy indiecotes

thot i tiie wei ot of th.e subetuiice (huy) Cad tac volune of



—
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C.¢ cunuclviice ol & coduclitor
coirtoining ey will vors oily it thie specifie sraevity of

tie hey. Tacrelore, tie vorlotion in tiie speciilc crovity

ct
Lo

oI viet and dry her would Le en iandilce: or tre c.anse In
X v \ )

czracitance ity nolsture contente.

- R

D. Dielcetric Losses

Dielectric losces In nrocticol insulutors cre due to
boeth gbscroation end coaduction. Abzorption losses wre the
resclt of tic digsinntlon ol tue ener_y ol tiwe Ticld &s heat
becevse oi the frictlon ercericrnced by tie bound cielzes or
Gipoles in tilelr netlon in the onnlicd 1'ield wien formuing
nolorizetionse  Conduction or Joule hiett looscs are causcd
by Tiic nrescnce ol I'ree ions In tiue dielectric cnd are
nrosertlioncl to tiie Cirect current concuctivity of tie ra-

terd

b
It
'—l
[ ]

L

o
3

o

t.-hes ol losees result in T..c nenting of the

Ti.¢ totel currcent Irlowing toroui & cooiciter is com-
pesed of a dissiatlive end & non=adissiyative ozrt. Tne

nover ractor of @ conoceitor renrescuts trhe frocticn of the

input voltawocres thzt is dlcsinuted in tie condenscr..
Usin_g tae ecuivalent sceries cireuit notition, tiic Dhwese
angle is tue ancle between tiie voltu_ e ccross tie cooHscitor

end tiie current flowin: into tire czoeciter.
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(Sce Fisure 7)) In o cricet cioselitor, tie lesses would
- i}

be zero tuna tiie puose cnsic woelld be nlvnety degrecs or tiie

-

voliioe aere. s thc capacitor viceld be ninety dolrces out

e LS - m . -~ N e Lo R
of r..ase witly tiic cvirat. The loocs Iucter of 2 rotericl

is t..¢ product o tae dicleciric consturt nd 30.er IaClOT..
Diclectric »cuer lcss is preportion:l to tiie loss fuctor.
Ancuiier indicstion o tne losses in o cazzceiter is

—~

. ) . O A e o
the § or cus litr r-ctor. oy derinition, §{ 1= the rotio

cIi tie cncery stered In the conzcitor to tiic enerry dissinated

Der cryele of the avnhlied voltoge. An eiibrcession for @ is

ecuivelent
le l chcv*t.

If ¢ &s grecter Ui 1C, tiie tuo cinceitorices wre
2li..c to w.iti.in oiie nHerccite

Y Tae locsses in £ cnotceiter cre clso exicssed in
terr.s oI ¢lesi.tlien fuctor, D, v..lcii is t..e
recinsrecel of Q
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ERN

I N 8 =phase anele
Q) Cs ' ‘

Y _ X\ @ =loss angle
(b)

Figure 7. (a) Equlvalent series circuit of a capacitor
(b) Vector relaticvns for equivalent series circuit

=
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A

v
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°p

(a)
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I

«Q

wik

pS

|

|

|
e

E

(b

G E
)

Filgure 8. (a) Eqguivalent parallel circult of a capacitor
(b) Vector dilazram of equlvalent parallel circuit



ovtained fre. tlc Tolleving. reletionsiing:

Q ¢cvils Tocrv Stercd ¢ i.ls R :cC crusles 1
ersr Dicsl rved Loss WG RS
(Bciztion 4)
peel€ W eduels Do tliics tio Iraciuoner of e e -clied
voltore
C ccucls the e oceitance
Rsp(uiﬂs tte[equivalent scrles resistonce of the
Coiclitore*
Loth nower ructer end ¢ crc veed te iCieite tihie norit

-

0L Croneltors &und ctier clrcult clenents. As § ineres S,
tae reecisrcenl ci § & oronciics T oLnoT ivctor, wnda for

* o N

creater than ten, pover Ivetor is

<
h).
™
&

Ci. pe.cltunces .o

error of lccs tien one

i
’
(@)
l_
=
O
P
¢
=
O
£
&
)
[
13
p

cutl teo tle
Ac Tooweloer content of @ diclectric niterisl is in-
tie ¢icleetric leceses ot hence tic ~oner feetor will
tlgo be incrceseds T.oo “re wtec in losses with noeisture con-
cit 1s dre in et to e dncretced 1riction of tlie ncevy
peler wolecules oif wotber zeciltirg in more dlelectric cb-
sernticn cnd in »urt te tiie incrcioed direct current
conductivity due to tic nrescnece of iree lons in voter. IF

liey wire to comorise ..o dlelcetric noteritl of = ceovceiter,

c.x.cltor ere renresented by

% I t~c locacos in tie cf ‘
en ecuivelent nercllel resictence, tie ¢rorescicn ror

is es fOllOuS.

na

-5‘)

Q = Vi C B R 17
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A. Cujectives
Since tic review ol literitire end <tudy of diclectric
tirecry incdlicoted tict ti.e cerccitance et od off'cred nosci-

ilities Tor tihe cdcteriiction ol hwy nclsture contont,

Loire condueted to deterr.ine tiie brsice re-

U
(
(o]

investi ctices

_l

Letions..ins beticeon 07 ncicture, ITrecucicy, nownecr-Ilzcter

nd centeltarec.s  The specliiic objcctives cof tiuls study

ca

y

vere s follows:
() To deternine tiic velue oi cépiceitunce ond power-

a

rector off & cenucitor using: Loy ol voryin: noisture contont
as a Glclectric;

(b)

&nd pover 1t

ernire tic effc o frecueney on coonecitance

—
o,
(‘

o

Cct

(\ '
[®]
—

(¢) Tc éeternine toe cinogce in tihc cooecitence - hoy

melsture content relations . in vith retiod of nucking tie

T
&Y

e S~
(

O
e}
ct
o
H
|
I

-
()

An Initicl cbjcetive ol tiic ~ro_rvr Lo
tiie mirdrun size off cinoodle wlilcit worla sive o true irdicetion
of averi_oc melstire conterte. Subsccuent desizn pernltted
te vee of ¢ hey circtc lorccer thin it used in nost prescnt
reti.ods. Ticrcfore, no wori wes uvncertiien to necet tils

objective..



59

Preliminery inveetisttions were contuciid to deterrnine
the efTect of mcelist hey on coll ¢ wien the hoy ias placed
in tac core cf tiie colil. Ilic eraucstlive tests vere concducted

efter enclysis indiceted Tuot T.is vwas cssenticlly a die-

-<

lectric mct.cde.

B. Q-lleter lcostrerents
In the follovwin_ tecets all necsurencnts ol cupeclitznce

and ¢ were ricGe Vit thie Doonton-ty-e loCh G-ricter sihovn

<6

Thie sl 1ified schenctic dic rore of tuis ncter

is coovn in Figure 10. The reter onerates con tlie rcsonant

in Fi~ure

cireutit, rcsoncnt risc princile wiiicit 1s brsed on the iftct

.....

tiiet ven @ lmovm redic ireciuency voltooce is introduccd into
a resonant cirenit, the ratio or tiils veltije to the veltaze
copecring across thc cenzeitor is & roxivztely tiie dissi-

Detlion rzctor of the circuit. The liicin radio frccucency
veltaze is introecéuced into the circult by poscing & lmom
current tiurcusihh the C.04 olur resictonce, Re Cupntceitence
meLsurer.ents are ontained by notlins tie zioeunt tict tie
standerd eir cenecitor, C, nust Le ccerotced 1n order to
resonant toue cirevit when the unincin cepocitor, Cx, is
connected. (o)

The induvctznce, L, ic net en intesrel pirt cf the G-
rieter, but is cttoci:ed cxternolly wicen 1aiddng nelsura.ncats

of' ccaceltorce, Thie sizc of tle inductence nmust be such

toet it i1l resons to withy tiie cobivction of novwn aend



Fisure 9., Doonton Tyse 16CA L-=1ibed nsed in melsirenents
of eosscitunee eng Q. Clutcitor cell vised A
Tecst IIB is wcttochicd to neter.
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To R-F Cscillstor R ;%— ]

Fleure 1C. Simplified schematic dlagram of Soorton Type
160A Q-meter.
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Micure ll¢ Inductahices used vilth the L=neter in naking
4
9

ca )citence r.easurcrcntse.



wiere I is the Irecucrers in ltiloevles.
C. is tho enuivilant scries centelivirce of

the cenceltor and is ecurl to C, if Q.
-

C. Test I: Evicet of Inscatin oy oin Cere of Coil

le A eretus end nrocedize.  In orvder to ceterumine tie

-~

efrcet of mcist hey on ceoil §, tic Tisvre of 1rerit of tie

coil veg reesured Lite the Toonton-ty e 1oCA L-reter.

w

n

Goy vre Dlreed in o tihe 1 7/8-inch disnmeter core of o coil

womnd on & Zlice Tore., The coil used in Tect IaA hisd a X

0L 4@ et D05 negecyelas ond an induetirec of £.48 rh viien

c.ntye The nurier of turns on the ccoil used in Toct ID
Wes roiticed in erder to nlice 1t In o ceviee wieh ne intoained

& ceoncstoint nressvre on thie hoy. As usced in tirls test, the

e}

ccll ned a ¢ or 201 =rd «n irdvetince of 1.48 1rh..

In Test IA tue hey vwies nleced in the core end teorped

with e one-tclf by eiv-inch »listic brre o D.rticvlor
2ttintion vos ~oid to ortainiis celtior consient nressure
on the srrnnle or a constent we'snt of cunle. In Toct IS

a shring lozded NIvn_er 1os uged to nNluce the hny voder

Y (27 Y Lo -‘.,"* 8
an aporociietely amiforn nressvre,  (Sce Figvre 12) Iy

fillin- tne cell co Tl t

Shring wes tiic st for all

o N . H ~ e =
_‘“11171»\:@1‘ cgs 21so conscerte Tire cornrecsion force wos 45



Fizure 12, Coil eell sidtlh shwing lesfed alunier
atteched to G-r.cter,

(o)}



pounds.  The 2rea of the »lun_er wes L.
sulting in a plunger »mrcssure of 19 »ned.
In 211 toots tiie hor wes cut to an

o cre-ncli iach in crder teo ralte weliin
red -+ s LR - e - ;-
welont of st le wrs 0D gravs. The vl

VS

cg Follovs:

"rocCiTre

-
O
o
7
el

A -
Sl oseleetod orad

BN 54

"‘"J‘

incortad

tar ped in tecst IA nnd rcochonicully tons

(¢) Coil wos corrected to Gmretor
diel =2 usted to retsvre L. (Tois o
lces then one riinute,)

“le ror.cved Irow coil

.-

Ceberninttlon by oven Aarying netiiode

Ze

-+

O
=
o)
st
w

2l teo 42 vcrcent) the relotions:iin bew
N A S . b R q-- N a
cont k.«”t ;a‘«.i; Q (,LO‘-\ PR VRN Sl.L‘_,ALt Ly, 4 T &<

FRR PN
O

V.

Ia 1 o m:- -~
cosler. The avernse
as - A .- - A A -
WECd WIS SLLonc=Cropn

colf dnenh lewvgths.

NI
s

(¥cnd

‘\'{;(.ﬂl .-

1 test IR.)

lJo

cnoofclidince

nhertion usutlly took

¢ioned for rioisture

()

ws.in between meisture

Fe

Vvt

LN

emrnle is preseated
ntents nonsured

molilsture

Je Hoouilte: Toct ISe Toe »el-tionsniy bet.ecn nolsture
contert 2nd coll § oy & nlunoLl NIUSEUTE of" 12 »si on tie

".\ N \,SL"'[; (_‘1(.1 i]’l Ol '-l:’ t

wolsture contents were included
results cre Hrobebly not simirieint. A

v

nree

in tnis test so

trend tolord
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a levelins oi'f of .o cvrve o tio ichor Loistore coutents

-

g Indicoted,

4, Anclrgis ord reclts.  Actudl ccolls cin bie rexrescuted

in nerallel vwithy tie distriboted o wcelty of the ccil as

siiovn in Figure 1o, This dicstributed copocitonce is the re-

. )

sult of tiie eleectrostrtice field in the core roterizsl =nd the

»

21ir ncor the coll Hroduvecd by tih.c velti e ¢iiference bet.con

turns.e  Torren (S€) st ted thwot the ~resence of Adistrilbuied
ci.ooclty introedirecs looscs in tite coll bioceswmse sore of the

leleectrics witich ere

[
]
O
w“
-

+
-
(€]
s}
C
O

o
A
o~
I..J
o
<
9]
}..J
<
7
wn
m
O
(]
oy
o))
-

series wresistrrice will lo.er tae ¢ ol tie coll, the inscrtion
of thie iroeriect dielectric, melst hoy, will ciuse a decrcace
in the {-lactor..

ney nolstire detern netion by tiie coll netiod is es-
senticlly tierefore, 2 ncicureront ol the ney nover fzctor..
Tiuls netiod wis net ipvestios ted furtier for the rollowing
ez sons:

PR

(%) Leter tests v ity ceonceitors indiczted no con-

Vv

sistorit relotionsain bety cen hoy nouer factor ond rcisture
content.
(b) The ¢ factor ress ro nt wevld recuire conlex end

eiensive inotruvments fer iield use..



Ficsure 13.
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Actual Coil hesistance of Coil

Inductance rcludin; dielsctric
osses)

—/W—IVVW\/V

1(
I\

Distributed Cspacitarce

Zquivalent circuit cf an actual ccil.
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Pigoure 14. U0 deikor with zoveble »litcs wsed in Test
I1A.

O



(&2}
(€}

2. mesultse Greooh IIT oresents tie relrtionsiiin betucen
cue.citance and cileuleted § of tiie cunzeitor wund frequency.
velues of cintclitance huve nct been ceorrocted Ior ed_ e errect
or strzy caraccltances. Tile value of lerd copaeltance wes
not considered but wes ge t ariroxireately corstent ezent tine

by keepln_ tiue lesds in zbout thie sane nosition Tor euch

S Avnrlwvsis. Tods test indicuted ot toere wos very

ce In cuoecitonce betucen Irecuenclies ol 130 ¢nd

70C ke., using ney at 12 nhorcent raicsture content. Corn=
iderins .ot tie relonctlen ITecvencey ol tae water oolor

nolecules is chievt 1,000 rcoeccles, enorclovs disncrsion

cevles et tiiese Iracucicics weuld ot be

6]
(@]
=
O
'_J

due to tiic
exrccted nor wos it encountorced.. avy caoclous Glspersion
in tiils frecuvency rin-e would ~rovwbly be cuc to thie efTect

veri:tions in ionic or interritclel »nclurizztions. Since

pur

0

neeltince aid act dcerceose witn i'rectency, the erfceet of

]

w

thiese nolerizotions in tils frequerc, rance nny be con-

sidered constint. Lvidentelly this I'recuency renge is not

o

l\‘!

T thne relareticn rrequcrnicy ol interracliecl nolsiriz=tions.

I3
o

Therelore, tig czoclitzunce due to thnese pelerizstions siaocuvld
rercin conctant =nd not ¢fT'ect ti.e reccings of & uclsture
reter boeoed on the diclectric retuod. altioogi tids hy-
notiicsis ds based on only cne test, later tests sihioved no

.orecinble chinnse in copoeltadnce witil Itequercy.
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o WG el vitin @ orclcture content ol thiilrty

rercent vas oleced Letucen tue lites o tie ¢ wclitor unlt
tsed in tnls test, only e sli_ht or, in t..¢ cuse of misher
ncistrre content nzy, zero dellection of tile @ velit miter
wes obscrved at tie point of resontnce. T..is eivfect in-
diceted thut tie conductivity oI t..¢ ey tooetier with tae
dielectric chsorntica wis so Sru.t tiat tie copaclior ¢ wes
reducec to &n uwwewsurable velue., Attarnts to insul-te the
nlotes withn #n insul: ting vernisn éid oot ~rove successiul
for tre redlo Irevency voltz_es belrn uscde

Tite Srliery rec:zoil [or using a cepzmcitor witi olztes
in direct contucet vith toe oy hed been to elliinste tae
CII'LCT O &rnotiill Usuicyil &nd »erhans voarying dielectric
matericl bobuecen the ~lrtes. Since tuc cenductivity of tie
nnyoorevented tools oocreich, oll otalr ¢ cticltoeors uscd iIn
tie Work were of = tooe used by Lort tnd Sciownleber (L)
(57) in their nreliyinery wers. Tac o paclitors usca by tacse
Investi_ctoers n:a toe retol »plrtes tttocoed to tie outsicde
of a ~lywcod bow nw..ich svives €8 toe lasuloting mediun.
(sce Fisure 9)

I order to detern.ne tie cenertl properties crf ti.is
t/. e o Gevice, a nuuver ol rendol mensulencnts 2t viricus
roisture contents, Irecucrncles, nd conditions ol pucnlng
were rede.  Taese evoerir «nts ccomprise Test IIB of the in-

vistisotions..
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De ATV .TUS L 1NL TOCIITE, In tiese fests, iy vns

(¢}

nloced in 4 vernisied slivodd box nevieng inner Civiasions
of £ x 7 /4 2 1% 1/2 incies. Two sicet steel “lotes, 1/16 %
© X 10 incnes, .cre neld in olice o tiwe o tside ol tiie box
L7 reins of T.o wooddnr Sirins o «ngh cide bolted toscticle
Cne end ol tiie box vis cnen. The othier end ned & ramevable
sate to ellow tie iy to be usiied tarousn end cut of tie
box wi.cii & test nd been colnleted. Lolcture coutents vere
deternined Ly toe oven retiod imedittely eiter tie readings
vere tazken,

Tie ney wos noened by nend with & one powld aslaer &€
it wns nlsced in tie ca-ceolitor wnit. Tarls procedirlre Was
not inte.ded tc _ive reproducible results elt.acugn sore
tCsts woere renected Uy rerely reaoving toe niy =nd renlacing
to ncte tie ciuwnse in Gy &nd Qoo

6. Lesults.e The resilts of tine test zre tubvloted in
TAZLZS 11 ennd III. Correctlons ieve not been Lice 10T eCye
el'cets, ctroy c-ohzcltonces, or letd czpiceitances.  Lince
t..ese froetors rers ined Conrollinctely coancuint, the volues
clve & rol:tive ndicctlon of tie eff'cct ol ncleture content,
lencth cud crnount of nry on c:recitinces end NCWeET Itctor.

A veriction of careltince from 24 to 76 uuf in the
moisture rance ol zbout 19 to 70 »nercent vwas Indiczted. Tiie
values or ¢ vere betieen 4.79 and lZ.7o0 over tie scme renge

of rnoisture contentse.
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In tiree tests, lon iay wos riret ploced in the
Soeelter ens tie clpucitorees recerdec snd tren tuce hoy wes
cut to tiree-cusrter inch lengtus and tie cintcelitunces ncted.
In no cioe CL4 the chwnge In lon ot of toe Loy couse tie ca-

o

recltuaces to vary rore thon cone vull.

Te Az lreiss Tois teet wts condueted to cbtoin cuwli-

totive drts o tig neriforniice off & ocrovclitor welt ith tle

R S T - ) ; ey s PR R Nt e
Si.ovied L.t on ool Ul CLLInZC I CLonliCcLTLirle AL norsture

(g}

centent CIC cccur crd tToot trne § oI tihe condenser vege lch
encl_Ch to be necusvred by tice { noter net.eds

I ceverel, toe @ of Lo unlt Incrovced with dinercising
r.oicture co torte Tiiis micncnencn i¢ toe ezict o csite
eioeeted of GLileoctric rotorisles licictire in tie dielcctric

incro=cad lozses Cue to Lbeth incressed Clreet ¢liren

(@)
S
-
[0}
~
wm

conductivity (restitlcos in _Jreater Joule et leegses) wad ox
increzce in tre cucunt of ¢isorption Ly tie witer dincle

rolecinles. In t.l

0"

et eitor, peouwevely, Thwe elicet or tac
Slyvicod Lroudlation Letoocn toe D osnd Lhe nlotes vios to

-

roduece or olinint te toe leosscs i toe Ciclectric (Luy) due

4:’,:

to dirveet currert codrctivity. Toe cdded sclirizoticons
ol tiwe wrier rolecules crusced Tiie inci-: el ciot.citarce of
Lie urlt ce wcidld be enected@s Since coll or cendeuser §

le delined os encr_ry storcd voir crele of the =ohlied voltz e

Aivided Ty tic cner.y Alreiscted ser cyele of thne aolied



volte e, §© vill increcse with ineressin. co xucitsnce.,
wilin thie rolst reoteric]l insvloted I'ran tihe cf wcitor pletes,

tiie co.ecitonce increices et & It ster rote tiin res.ctence

. . .. - el 5 T oo 3o e T N -- [
crevse in Go Tois cricet was observed i ell tests using

toiis tyse o caozclitor ccustructions

Te Teet IZI: Tae Diclecitric frozertics

of Cortceitor listeriels
In oracr to inv.octi_cte the diclectric pronertics of
h'.@:f, cttoerticon we civers to tiic Gecion oof o lo lou‘_

ccpociter wilt W itii dinciisions in wecordince vith stondord

v —sd

(‘1

crectice in tostin dielcetric riteritles. Te sclccet
notoricls rox tiiis vnit, the clelectele proncrtics of conneon,
cre=n buildin rotericls vere investissted.

l. A v retig en? roecedure. The Cislectric constont

and nover focter of the rolloving ntcorizls vere deternined
in tois test: () 1/2 dinel olywoed; (L) 1/4 ineh »lywood;
(¢) 1/4 inca Moconite vellbecrd; (6) 1/s inch tsonite
vz1llbourd; (e) 1/3 incii nlustic.

Tests vwere rede by constructing & clLomclior hweving thne
natericl 2s the dlelcectric end necsuring tue cunacitunce and
Geo Actuelly, tncrefore, tie ctleulsted power fnctor is the
noner It.ector of tie coruciter ¢nd ot of tihie nsterisl. Tie

Dover 1t eter of tic raterial is coancicdercd £s tie povier

iecter of = condenser ccontzining the dielectrie and hevicg



ol

stutecs tiet tinie ~oner ftotor o diclectric netericals tends
to te Lodependent of the size erd cht e of toe riterizl ond
tire reonitude of tie ¢-plied volti_e.

Tiie cantcceiter contelning the dlelecetric consisted of
tuo elw . inun siicets held Inm oelesc contoct ith the dielccetric
by nrnesns of Vaseline. Leods were ettocied to tiie § rneter
and tl.e ecanzeitor licel Letiecen tiie leads citer tioc initiel
resonence sotting ned bewn rode. Soring ecticn in the leicde
neld ther in contecet vwitn tire foil nlautes.

T¢ Gilmercions cI t..e cficxters confired to tie
tentetive recorxcendetions or toe ancrican Sceiety for Testing
lztcricls for tests of nower rtctor end dilelcetric constant
rotericle, (1) Tie specificotions

of electriccl Insuloting

~J

m

oG ring corctot e veed

[ -C

I'or rcous.rerents L..ore

Strnsrlined s rellovs:

(&)}
@®

(a) For 1ot ccecurt te measurerents, one elceetrod
saill be coroelebly spoller then tae otiwr. The lorger
elecetrode sicll externd ot lecst 7ive tires tie tuiciness of
tae dicleetric beyond tie ¢l_e of the suzller clectrode. )

(b) Petroletum (Voscline) snell be used as the ad-
hesive ror roil clectrodes. Thie clectrodes shtll be an lied
S0 &8 to clipincte &ll wriniiles..

(¢) Tie widtn or tie croller electrode sicll be at lenst

ten tinecs tie tuicioiiess of the shocimen.
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suit:ble. ne ner.oused locscs 1a plyvicod ere robuily

tiie result of T.e lve ondG otner conoovnds viici: countedn

reny co | lox @nd sbiser:tive r.eclecules.,.

[ E R R | A oy S

Tie C_cloetric conetant of tue cioeciteor roterict v ld

Ve Lt
Ol result in o LDlsoer e peiténce vilue ror the notericl.
A Lo ce thore is o ozubisturtisl diffcrerce betieon tie

diclectric conetnt ol tie roict iy ind tac cu

RIS ~toer

ratericls, tie inscrtlon ci ©re o wWill reciece & lirge
ciitiise in coporelitince. Tl metw .l vilue of tie dielectilic

conzuant is ot toe ir ortint as leg s It is sielle ay

r - PR ] o e e N AN R SR - iy K i A
01" t.ue weterinls tested vovld be eviteble rrern: t.ls stand-
2cint.

I a 3 o - " SR ) N TN e TYL

Fo Tect IV: Tiue Diclectric Corcturt of Dry nuy

- S S 1 = F . oS, s e T T T « v e T
I-t LHC 2T, CUL QL P’..CL..L’I-; CL.;'J' ShC o 1 CL‘-JQCA_‘E e

cruscs tunce conecitence to coern e, tne e celttice werld te
€xpected to cour_e wit, the not ol of uculig nolst ey.
Coourose of tols toet toe to dcterineg thne ff'cet of oucii-

K . N . - 1 -
TN v N, . N - P - . ~ 7 - e = o
it Ori CUoneCLULiiCC WAGH VELn | Xy Ly fng

to clte i scre

Interisilion on the ccetwl diclectric constnt of hay..

le A rotus tnd rcecdrre.  In tiols test, a coipnreltor

Wes corsbructed woiiclh ceonreried it thie veconm.encli.ons of
Tle ancricoun Socity ror Toetving liotericls I'or testing in-
stliting retcericls. In order to wcep the dimcosions of tle

Uit cs srall fe possilbile, a talcuness ol hfy Lit.cen

v

lates

of 1.50 ivcies wis scleciocd.  Dven witiy tiils tiiicitices, toe
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cell wes so ler e toot one-el ith inch lsac
es tne inculiting roteriel Lotueen the iy o  Lites in
order to rciuce cests. Tae outside dirersions were 1 1/2

X 8 x &1 incues and tie wweide Glrenclons Oor szzce I'or  hey
vere L 1/4 w26 /3 x L9 1/2 inchwes.  Too con Litld uvnlt is

saown 1n Fisuvre 10. Aluninun 1'cil elcetreces ere neld in

olice woitn Voscline. In ordcr to obLtoin structurel strerti,
Lrdces wore ciotrced to T ¢ide whon vein: the cell. Towcse
viv.ces Laciorced toe cooteltoncee only 1ve uul, but intreoduced

P J Y T U~ T S a4 Al
corsideriiile leosses to lover tuc § Irom SLC to 13Z%..

m
LT

{:

st oorocedi e concistod ol icning rondoeon ancunts of

gir dry Ley (eisit cercent wolsture contert) into the vnit

cnd reecuring tie cnnwcitince tnd Q. liersuraients vere
mode in a ronge of r'rocencics rrem 75 to 700 ikc..

S. neeorlts. Sirce tucre s no @oorcecirble ehonge in
Ciraeliténce Wit frecnency, veiuves or ¢f o tclteice tnd L ag
0.1y cre frcguency, 170 ke., cre sicouwn in TALLE V. Due to
The low enceific rvity ol vy, tie vwotnt of ney in the

Wit ¢l et vory econeldercnly w1t the cnount ol nuceiidii.

Values for oo o sltrnce w-ve srecticedly concinnt wnd evero_ed

Lo e Too covtceltis o0 of oo it witoaort eny ey botvcen
-

Ce Anilrsis, Too ciclecuric constiot of one roteritl
Ol & tre-l:-er cu oy cltor suoir 5 woil here nwy be culeuloted
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re riseated ©s U0 ce&hseliors I osorLe s e oo in te
fellowdin: ¢iv rorc:
Cq Co
weere G re rescote thio crnoltinee dud to the
ieenr_te ciclectric.
Co 1¢ 1escute tiie ¢ icitinece CGie to tue heyr
o N .

Since ciunceitiress 1n serles are adaed,

Cop

TN o
waere Cm o1se Tl
e

Hovever,

Ci + Co

e totnl cr vicitonce.

c = _Ia cr C ee If
“_o".:at t
oere A LS T cowes o oo slvtes (Loches).
t i .o t.olelmese (o).
Til( 1T ‘—a:»€’
K = K 4 X
I = le o
- - Y
T ty 2
- . . T s IR IR A £ T -y
Salving 1or kg, the Giclectric conctuat off iy,
- e
l\',O_J = I, '52) .l\l
- <7 =, L.
Lu/l I\.I\ lkl tT \—
. . - - 4t . E .t + e +p.r,'\1
ia toe giclectric constoint ol T.oe TOL

d-.;L(,I'E: KT

to

s Y
L—] .S t._'\,

.~ N - -
tq ig tl.e totl TricKrers

ta

19}

Aicloetric constant or 1/3

QoL

inech
Insenite.

t:.e 1111t

T
o

avas

co-ite.
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veis vt o1t e e, I coreolnaice virioo only anith o thie wiel st
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of L /4 ¢ w13 irches.  Sflyvooed cog vsed flnece 1t 1S
. . ioel .

rel-t ovely ooy ensive Lo el lover tiie cost ol & nro-

Gretion uvrilte.

Too ¢ Livinn foil eloctrodes were wcld Ln slucc on cicen

< [

side or tie cell witih Vescll e

= e

The Lir_e eloctroce wis

9 ¥ 15 inc.es £nd the snwll electrede wus 7 x 1l 1ncaes,.

Tie e r.citer wos o tc of to too Q-roter by orenns orf lon:

Ceood ooordnet toe ol eleoenreGes ©s

1tent, cuid
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coctt thelve rnoure to cllon tie s eolenure e Le chsorned

tue stons L

gete moloch by tioe oven ret. ¢ fvop w.e viocon o cles Toien
]
I'rer, esnca box. T Ilret swy vle woos thoon ot toe beodiniing

01 e& iy ¢ixcerirent viille the sicond e le wns sclectod et

the end ol eicin o, o+ rivents  Toe oerecart nolsture cof the

her for t oot e cordrect vis fouen s toe cver e 0 tacse
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The exoerincetzl Zivestiwtions nuy be swirorized es
Tollovs:

1. Toe ceton. metlon off (o) »clcinye concent by in-
sertion of tile v e lc 1n the ecore ¢l & ocoll, tllle
aooering to yield e consictert relltilonsain, is nct »niecti-
ci.l ¢ue to tue limitrtions 4 ccicd on the sine of thc sur)le..
Tue net..cd ic nlsc esccablonily @ alolectelic noti.ode.

2. Toe croocitorice of & cansruelitor contulnimg hoy wus
Tound to be ¢ cticelly conctait in thie rocio frecuoncy
rence or 170 te TCO kKe.. Ancrelous dispersion would ot
anreir to errceet toe recdings of o dielectric meter operat-
Ing in tinils ren_e..

e Inscrticn of roict hey in & 1/4 inel: “ijvwcod Lox
hiving einzcltor vlztes attaciued to tne sides cocused about
one VUi ciin_ ¢ in cioweecltince I'or elca one norcent chinge
in Lcisture coantett un to forty sercet nolsture content.
(Arcs of eocn lote ves siuty squire inchies with a distaiice
bithcen »lioes of 2 1/2 inclcs.)

4, TIncert.cn o rolec iy in e U/3 inen

%

Levia foll ¢leetroles suteciied to tii¢ sidaes coused sbout

—

.

& five uwuf conge in eopnceitonece Ior ercii thrce zercont

O
H.
@]
ct

cimiise in rolsture content un t
(Aren of ective electrode vies 84 squire inciies wita w Gis-

1 o

tance bLotiean electrodes off 2 1/8 inches.)
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O w4 irerétsed ITon cvont Icur te Iourtcon vito iacreacsing

rolcture content bt did not very concictiitly
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(&)

Y - . . - .. L - MT-r - ° - - - .- L el B
. Cu Zcoitoiice vorled dirvectly wit: the welsnt ol T

(‘»

RN 4 cede L C A e Cn e St ,
Tacees L ovesvi_ctlols were cocuetod to ceturine bielic

Iedormotion neeessry i thie desioon ot = Cielectrice roisture
o A Ao e H PR oA [V P — S
Leters Artor tilsyrcter 0.0 Lecn decslirned and ceoastructed,

field investi_otilons w.ore conctetel to test and culil

wte
cce tricls is n~receoted
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Eriverir entol Zovestio ticons deserivoed in the ~revicus
LCied thot 2 Cerinite nolstire content-concceltince
relaetions.in exieted wltv & ccocztant vel_ .t of cuirnle s
.

uceCs In crdel to cbituln o fcrootion on tiic ericet of the

tre ol hay cud cordition orf rotirity of the oy on tie
Lolsture contert-cont citunce reliticneiin and te Ifurtner
esteblic: bt ie metiod ol rclztule detection, a relatively
lerce nanber of s Jes weuld Live to e tested under aetual
i2ld corcitlicons ¢nd = curve ~lotted Ly Crins the s:n les
In tie ovine Tie citunt of toc Ceviitions ¢l the s les

frooo tiils culve wcvld cctoir ine t.o valie of t...s rethod..

In order to frteilitote rovsurerncrts in the ficdd, cttontion

Vs Jlven 2t ot le helnt to the Cesign wnd ccostruction of
& dircet recdiiy, nortoiLle crooccitiice meter,
A lictiieod ol Licesurencont
Tiree coron retirods of neusurling ct acitonce using

racio rrecuercey veolte_cs are:r (1) resconunce netaod; (2)
lieterodyne tone netiod: cnd (Z) brid ¢ wmetlied. The reso-
n&tnce nmetuod ves selected 1o th Iollowing ritsons:

(1) Zeuinent needied rer tols potiiod is relctlvely

incxnensive. Cest ves ceoncidered in tie desisn of tiis
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instrvoment since the Cin ol thc Iesesren o to orovide
a sin lc neter I'or larn Lee,

(2) The resoncace iot..od srevidcs thie niniium mrber

or" contrels to Lic cdjustid in rfidns woensoidenis.  netCings
c.n be obto ined (uaicily..

/5 e e 4. . e e mr CT PR

\o vi S Uooo 0 D0O L ICK Lot ol, ¢t -,'.‘C_..b\- .Cc¢E

Lelgirenente e oo wide creticilily indecenféont cof cuoccitor
loesese  Zoooorvincctel lovelhbli_sticns o.cuGhooooreciiile

T - BN - B .., N M ? B s SRS ENEN T v
Clii_es 100 Jo.or inetor wilti oy @ loistuie contanit.

circult cencistin. of inductince, resictince, end cuohecitariee,

LOXInUL current is cLiteined vooon oo cirelit conctints wie
S . -} - o FE. c 4 1 Py . F e . . P T | .
ad usted te resontte et the I'recuercer ol oo o -1icd volta

m . . o . . - N PR R - . - TN S
T..c velues oI circuit i:cdretince 2nd cooecitincee racuired
for rcsentince ©t toe frocucaey, I, arc obtudined Irom toe

Tollewing coustion:

2 w/LC (Ecuiticn 12)

renit is ciielied Uy oen
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o
.-‘

Tlis »dotionciidin ig true then the
tncarped eve os crdint»ily crocueed Ly @ voeuvwn tule
Oscii:tteor. I tlic clre it Lo creived by o Comed vive, the

cireult rceistince, R, ¢rficete tie rescnent Irecrency s in-

Glerted Ly 4iw Tollevning cru tion:
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£ = 1 2
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(Zowtion 13)
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The 1ct..ed of rec.cuvrorent seleccted is s..ovn scncndti-
vre 17. A rodio rronency voltr o, ~reduced
Ly o vaeermur tube oceillstoeor, is introduccd inte 2 serles

R, L, C circvit. (T..c rosictirce ci' t..ic circult concists

~

ol o Tile loszes in thie indvetinee and cuoccitor.s) I

- -

e ultr ot or & stontexrd woyicile er welter, C, tie circuit

cen Lo tuncd e resonenece.  wooin bl cmnoceltor valt cen-

—

13

teirndng tiae noy sar le is corvccteld in carellel withh C, tie

clreudt ruet be re-tuncd to rescncnce by «d vcotient of C.

The ancunt of cucin e in ciwcelitinee of the stindord, €, 1s
& uwelevre of tie erteittace of tiie test er pneiteor.  Tho

conCition coi ».conince is indlicufed by neeiirun volto_e
develend weroes tiie conbinetion oi ctacitors. Actunlly,
rendnun velta e does nict et &% recowmesice, but wotier
at & value o canecitince .&y ITom resonance ceterninec

b7 tie rolloewnin. ccus tion:

2
res oL, I (€ vation 14)
(L) icsents curves dndicitine thue reliilonsiing
in & scrics H, L, C circuit seoomr ta0 by verying Ceo  The
vilics of eoocitores obtrdncd 1ron the sctting of vericble
conCenser, C, will Copend, therefcre, to scic citont on thc

resistonce of toe eircnit end hience on tha pouer itcetor of

the ceneelteor wnit cootaining hey. Siucc & Jcoersl relotion=

m

Ap bt cen hever foetor end roisture content vis netud in
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Figure 17. Schematic diagrem of method of measurement.



Co
(6D

toevr.ot vne securLey

-
~t
if
-
T
[
o
-
()
'
r—'
'
()

01 Tt TLlClr_Se
I cprCor to 1o t.o neilvet ol clrevit resoice o

indenpendent ol cotciter lofzes, toe vorirls ¢ felter

cculd b tuned fer vridivy civeinlt currecrt s Indicsted Ly

rellirvn Arnioeed ovelti e 1o coll locsely cavtlia to tiie
e e . e - B .
SCILCS LuiGhinaly, L. T izt o0 g wrien vy Vil ciant

neelser e o oo o e s e Lt T ret. od
OO nonstelo ull velt oo LoLoel o Lclton e F s cned
T.lzu-tcd of nens ey oot dg s il <o the orinei le

R AU N e T el A
Ol o v tion ¢ toe L=r-Tol _revici el Qo

18 Cori ol Lo reng o crceltence only, ¢litacr_ iy 8 con-

e A s e M
fTmet.a it covld crgily be eorlii ted to
C/l C.L_’.\:‘VL. _Lt (.;-

De Poncr SU oL

~ n . - - - LT I BRI 5 R T — .
V:.,-I.t wan KA AR I o> ©o ©..0in S date su IJ

- a2 F TN TR Wer el L ey - - N -

G, I3 torr el e, one SC veld, oortiile

=D
D
ki
+
P




Comlee cororplo o CouD o Il e contaling
a. - - 1. . TV o, -
'z chosels o the neter.e (Gee Fiovze 12)

cticons s.owed little vereisbicr

T boot oo l) e cseldeee it Ieesonener. 40 ooscloiliter

reecivers ol ld Le Teed oty Cov .o coseiiluitonr colls wnd

to rodiiedn T e N Y r:‘i’lu' on i czcillotor i'rer ey
o e e e ol ceill o Tor ves ccleethed. e

n} Kl . -~ N - A , ) .
st et o bred- cLlono, thoees JThd 002 it Lo L

a -
]
.

cco L ad

T' R N A W ik A A S ST SRR/ 71+ (] ‘:!'O(.N'l C‘n(_.: AT A

. . . N : BT S R AR ] ‘
l-'-t:‘ t-‘ \-At‘\:/ CL",..":.« NG YO L Ll [N SR A G (S
- . _ o0
. .4 _ ; a. o 1~ I'e Y1 - W r Y1 ;L
serocs b ptwec it enslotlo ool B0 U IYT O

N . - e e e
- e o o B T S Yot AV Tt Of -t s R Y L cindce
GCOTa Toe ey 210 i St ¥
. . -~ .. PRI e - N0 y
a4 1o LA -1 volto e L5 Ceveloned nereocs . one o
L0 400 iiCe £ =0 Vi e - .

. . PR ST R e L R S SRR T €1 63 SIUIETEN b 4
recjctor (R-2) A osores toe eonvelter 1o toc -

. . ot e T e I toie csellittor
cirevit., Tole voltr_¢ o amto 5L~ oort ol t

b2

roochonce to resistoorice 1s

R L E = oA e
s - e ema o e o AT T e th N 4_\,L_lJt‘t lC"_v... I e
shovt 4050 sroviding Imritoer et -



S0

groageianece roter - Sivowis  docetion

Crisonis e
IS G518 O

ot HErESs

Fizure los



) *£8Y JO quequU00 8anqsjouw eul eansegeu
07 peudisep Je3ew eousjToedro e1qe3xod Jo wsIZwlp O0TiBweyds ajeTiwo) °gT eansyg

Iﬂv

|.MMH|||||u||4

b S
Yi
LAV

1-d

Lo ———

- —




o)

.
{a

Ly Lasertion o U 1. clotoobric
me 4o, . ) P - bl ~ . - * -
T wnalt e Guevels L0 temosd oot o RS el oS oA
. d. -~ CR T LN kS - - - - - R e
[CARNR AN RENNE R U A TS D SLI I VIR S LU S VRS o W) L-1 =24
K N ! T e et s R e ~ . .o ~ FEPSEEIE B PRI
Dot TTIm A N O T VL SN e Ce- thz.;‘f’vI‘ [ V!

over Let. od to cutiin tie ovooeibinece-to ot odctize coutent

N . N . - e - : P i Qo I o C‘-—“'
filcogine Tl Toreo 0flbion SoicChis Swiilily D=,

- ) - . o R A
Tiencroon ot eorite L, Coeirclow L Lot Ty
. [, rn ' o PR - S~
vl coael S G oL orolhor.e TS VOoLTL v L
- . e - -
o e - o= - - - c (4 ~ c e 1,.
o \].l_l___;(. TR GRS el ¥:AT iLez SN o
- e v -

)

Lo L Irecuenc

. . = - - . D
fron e o GLlode scetion onf V-Ze
- v

e dircst curiar®t oot Wt ol

t.:.xﬁi = LO (- o]



$a]
(@]

P o . son . R, E) e~ . ERRI
or V-Z. Vori_ il »lisictor, R-4, cuowiTos : e te zd ucst
T enerent Torov 0 e Ting Unr o chinges In
volte e nroduced by couroes dn e oo erles L, C cireoit,

iy I e - - Lt s e - T moo—s T
values of' =11 co ot e cre Jistld in TWOLE VIT..

iie Teot Coov e thor Cel 1.

le Dirorcicne.  Inm order To clinmic TC orrors to 2
enall edive of err Mo, T efucluor uolhoLegoecrorm
nclo Do o onc=c LT netids of n. Tols nms e
Stre sl off crv los veld In loloritory Touitse  TO s
Lo tire noeecsi e to oo v orrobe Lo toe Lo enc o

toN nlote. e ton rte ol toe coneifer do fosirid to
hoe teorerd iauto Hlrtee cater Too o7 g le is wieishiede  Toils
crorsblon coraregses thw oodn thie Lol and, wit: o wedlnhied
St nie, Nrovides rop s el choat ey denfitye

Toc ioeer G o cicne ci tie box Tor Ly wre 1L 1/2 x

i he Tae weuvrzl spuce oc.oiod by tie
b ol lote is in clice is 12 1/2 x
12 1/2 = 1 /4 dinchece T ¢ cideg or t.c beX were etended
i ’ Lo ney Lelert CCL L SELOIL

i1 order te crovide ©osprce L0

- . Fal
. - K e N e ihe ¢ sLie 0%
Y e aCelbtornee 1otTol 1S SO Call to the u;.
. - : cc o oo oin Fiovre SC.

Thie Tt Anl;'tg o Lo moetr



A gqe e £
e GUL

&) Ly

TALLD VIT

PR - - -

AT - S on K — s R e a
o .rC.o. 2 Sario wolo I ..z U Loolohn

S.GID I O FICUE 1S

Cloetrolytic, loCv




95

Fisure %% Loinléte ipstinnent consistin’ of cehucitanee
instpirent ang tedt eells. - {8 Eternal
metoer vics attoeed te lecd si.ovm et 1=t

bttt eovld be nlaced on instruicnt pinel)



58}




[RAERENT

concie ot .

Illecetrle

Lot

(28]

N O 4.7
oilto 70, LG

v

¢ . ] bl - bl - i) -
e vt vl . C8el to 4.3

hr I . s R - . A~ ) e 2 S <r - - n ~
L708¢ wion s leve Teen e le lohed by sclvies Bouvition 10
Ior Kpmy, toe alelectirie constort o the wwilt.
me I A, ST Lol e S e A - - I . .
Tiie I'lret coll cesi_ted Lad tuo 1/3c inel. shects of

Acets 1/16 incen

m

t.C box giviag

te tep or M"otove

tiie iey. For insulsction

wlestic scrving ce tie in

(&9

culitlon on canacitor plotes,

t...ci to line tie

-

fooincer I'er nhold-

olictice-1

In ordcr to sirn»liry coactruetion, ¢nd Lo
noGliiied so tinst only

done ¢nd cleo covored it 1/16 inch ploctie. Tie clute
at Jround cctential s 1:Ce in tho forn of & scet steel

) N - aa .2 ey - - P meo . ol Loy

nonLith oo insuliflon Iran tiie hey.e ToC siCes ol whe pun
- . b . 3 R e .. B Y P a2 AN
Lere abont 2 1/ dncoes iiisa f0 CRULNGOA Dwlve TUC Tog

coacitor olute.  Toie int
si.ovn in Fioure Lle.

F.

ste s

Tue follewing

ce stertunce or

[y

4

(1)

LA LN - BN ” . R
e unt wooh A Uor Laltinid

£0) Tois sdjuctnont neced

One

Wit the cell en it

L oroter acrlectione.

rier cl il unit is

1 tionel Procedure

sty to Geterr.iine tae

e 1ele s

ising tois tyoe ol ncter:

™

D set to wiro,

(Rei’er to Fi_ure

s to bLe reoceted only occassiconally.



Fisuvre Z1.

View saowi.. interior
vpe Ton wlecthotes

of test conccitor cell



(8]
)

<N\ . e .- P, . . s - PR LA
(..,/ NG U tr,,:;) LT ool et rnant end jl‘.ncc lo.cer
anrt on scile.

(0) Plice desized el ot of ie i1 lowner ~oib..

- b SO ey oy -0 D3 e B aade - X7 N I | - P
(L.) helnove I s¢elrie, Ccictribute «verly end cor e€ss

gl Ly replueing tor vt of nmite Fuiuon tiic tio worts

2 N -t L T N A P

Tto_ct.ir with tie .o cli: c on T.e cide
- L D T ST — T Ay - (2T - ; 4 v O
() Ad ult och 3 cortrolling C-5 till 1 ber 1reiés a

Loninunie  Licoor rern e Loy Live to Doocotnged by oneving

- I T 1., . . . e e S e et e T
throo o tie neter evn Lo dnc wvced by s cting mnce C con-
trolling R=4. For mcter mrotcetion, «liugrys tuin wned in

extrere coirtor-clecaiise Giroction solter calotivg the

v

Vover £1low the ncodle teo Lo driven ori-cenle.

LR .
ICLL\.',.ZJJUO

(6) Ouscrve recding on 3iznl D T.5.s »eidlng cen be
~ tlon curve Lsor the instruwrent or, if

: o Lo P - oy T Ay T 4- 7~
oo “_.'LOT,t;C , 1T CciLn Lo weed to reod tine



I, order to ot in tis velve ¢ teot ocoll oor citioce

~ \ . LR, . - J - R = S P
cell. Cooteltor C=0 0 oo el vz in steps o1 ten
~ o . B . ~ o -~ 01 . - S oc. i : - - .

Sl Advioto e D Tle R RV AN B o Lo 1wso-
R T ST LR S S A SR AR on oI tie
2iro .5 L i

N L - . . . ~ - . T
e R o e N R o ~ - ARSTRNEN T
LU Lo o v Lo 20 Co [ [ G R HE A O & a1 (PRI ViidLle
- Ve -
* < £ 20}
T ToAN - R P T T : ey >
A G G R R O 2] i [ oo it 7\__' =G Uil v ]-n [SRERSE 1.e

g i Cox N o B e T T T ~
Cf.‘-)uk)lij'»; Cx C. Ti.eodd [ coolt el oL on Ui R VT F
LS Lo,

L . R i ) P RS e o 2o LTI et
relitions iy s toe volve on TLS Lotbindeett o
noLS

T ress

ovcluted ol rueirn(

co teains ot lenst vho







101

2
|

| :

B - e e ———— - — i = 2 P G §

' “ H m H

_ . L o
O S S i : : o_ |

! o g—

B A TN .

a ! Lo
i o : : !
e — e [SSEDE SN SUUNSAN Q__ |
. .rrw : , @

Z : { i -

z !

a~ A —

: . ) ’ ' '
. i IR e . Lo e
' ' I . !
. ' . H i A . i i ) '
e - e e e S - e e ——— "t.u SSUPURUR S, v«»..lw\llhl'lil»f .
'

C

_OFT., MQTER;~¢J\T'

|

@O !

:f).

" _. |
“ : . ” h | . d

H
TION

!
|
|
|

e VRN PRESSSS.

1
IR
|
i

A
LIBKAT)

!

t
i
|
L.
!
|
1

Lo
I
! i

OiALl. . REAPING..

40

~
-
# !
i

'
i

e B e

-4~

l
|
t
i
'
i
- __’L‘. .
'
]
f
|

Test. Cerw (50 a
| Vo
o
-

! i
d
f

I
!
.
|
1
!

e e e

_ CagaciTance, ,CA

O
[«)s, I N SRR

L
L R R B
I I .:igllﬁﬁl szﬁucmﬁui?-.Iia,-,.J_rsi“
. . | S

i i
'

_H.m‘_w_“_w ,,,,,,, R

S S S AU S

1
1
_
) ; T
1
. i A
o _ a.“.:w.” R S B
| | i

.x?l_ DS S #i.?. PR LN S S S S
e A m oot

IOV | Co
P S s b

S S S S el

——t e 1

I . t I
Poor s

_
w
}
o
.
|
: i
.1‘;‘.
.
3
_
_

o _1:—“:——1_‘._ T

R s U G S

m.
!
L

e SR __T_ {; S

L'Q_'

—




FET T
L1t oL T




.- .- s e .- e - e e k3 <o then )
CIAL r_apioge Clal 2o o J0. Sol el (o
: ) C s o T . e -
B R N S S S 2 UL PTG R
- - PR e

—_ . ~ 5 I [ ]
e SRS ‘ £ ) ~ic
o PR e ZLL
. LN <o
z e C ) L - -
;- -~ A
A . | . T L s
PR . - ¢ o7 « -? « ‘,-
\; :‘J.\/ .1 L ad - :
- ¢ - e w5
’r I ’7 \ O ,
O ~ ).1 RSN -

’ e oL
7 ety o [
~ ¢ - ¢ ~ < e o
2 ) e NI ~ -
.-
a o~ R R O
<~ ~{ o ~~ e
¢ o : S o3 o
:lC L) gk (o0 e ) ~
. .. ) N el
¢ - . ¢ 0 P
< N ‘o
T otse U

l(.‘, -~ =
—~ .
oA A o
ry ¢ lond [N e) I 5 N 0 (e
13 Lol T Le.D -

3
4
l: 1
-
.
-~
<
M
R

- =~
Y

b}

e}
¢

]

2

P

l_)

¢

-

(W

3
(]
)

!

2
(SN
(o]

e - c
17 e Lo
e
N - e
14 cm A re ¢
- “— . e v .
-

.- 5C
- 5 R
/oA 25 Ho







t__!
9}
i

TaDLD VIIT (CC TILTLD)

babe)
L
~N
-
)
3N
]
.
D
W
(99)
c
[\
o
(@2}

1
)
1
N
(§5)
sl
';
[§9]
-2
(@)
-2
[§

. - ; , - el O
ol \)C.? Lt e [ O \,
- - c « - 73 5
e i e vllo ‘—/.L [\ Lo
. .y -
foled — - % RIS)
<0 Sled -—- v =T =
i ~e oo
~ — — e S o -~
2 57 .3 ST 30 Cns O«
- cn 2
on IS —-———— < cu
O JU.O L v~




]__J
[on

¢y tac ilnactrunent iz te ovo-

Vimag

coown oletted to_otoor it tho owserved volucs iIn G Ia.

A of tie vilies ouolined in tie stutlistliecl snclysis
is ~recented in Tal LD IXK.  Tog cnlevleted veliie or b oes
1.0 L7 0ttt for oooorC nircont clnae
contont bne ¢lnl po Al nolld et JC e D0

()
St st B - - - T = N N - - N - ~ - - < ko
GLV_.S10:S. TG Sen O CUVILT Lo LGl e roEgicn (i«:ov )
Loe thiree Nrcet o Tow Leture costet ol ©ofutle I8

Ve - - -
L1C. Tole o vl

[ .- 1A .~ Ay

1 toea il _l‘g' [PEDT NG [ ] () [CRANS T

. - - a . O oo s N e SRR DS e f oI Oy LT
tic otoacons devicticn oo L. coveent. Trls fccurtcr il

be susliciert vor ruiml vge LUT rlont e Liopoven oy ¢liri-

!
netin: the inrluesce ol Imower (1) neevicusly nentlonct.

SURRISR BN N T..c viJdUol of

LT L ey Y






‘FD |

|

S . T S I
” . e
; | “ 1 i i i
' [ ' oo cee ! .”
1k ” i T : 3
— = g v i lo . m _“
S ! i " 5 _ a ! i
M e AN I TR B
I T i i e L i
S B E o S S S » o_. ! _ ]
L R Lo Yo b
W : : = ” 5 SRS EIr - R N
- — lw.ll‘l_ll.vtt,'lllN.l ﬂNu' lm. l_. —— A ! : —.vul. ! i 1
L a5 P | Lz~ b
, 1o m RCENGw S S SR SR R e
SURRLURNE RS S & NS S S SRS R { I aMz | H -
B R 2 4 DR YR TR R
R O = B T T SN N -3 0 s
; | |- . \ 1 : - 1 !
b g s S 0 SO TR BN =S SN SR
_ | P RS ~ 1 | o Lo |
g e T - [ JRENSENET S R 3 F—- et
| RS L | ﬁ - w i N _,
' i ! '

1

)
PR . . .
t m ' : ' i
SR A S e T TR S
. B oy T f | . .
L L | L Z P A
B S G Bt Seu S
H ' i LN ! | |
RN R R
‘ : i i P
I';.,ll ‘.14|||J.|IM “ !R .V 1|‘v0|l|,J_| —
, | ! . !
| R HRERN

e
|
'

[ S SRS O SRR S
) '

b ————— — - ———

L Ree

=) IS

) i

el

g
T d

i

i
i
!
|

L

|
!
|
;
1

‘ i ) .
T NI B

—

|

|

i
USSR S
R A

|

. ;\\J.

-

1
———dn




TS htd

Clodndiatd

el
(O34

TACLE IZ

-

CALCTL.Ti st

i

N - /
e ST Te U G

(x ccuels roicture content, ¥y ecvals Gitl recding)
) - . -)
2 S , o .
S x~ = 253T.2 S v~ = 12,0l0.1 S xy = 6405.2
[ = M = 1.2%C
ST
5 ~ i
o
5¢ . o= 8 y7 - _(s2)7 - 309.3
v - - ‘.D
-
o s B - . ..
= 8 - = . c —~ = DU (1L . Rolele)
S.‘o:’;“ - S(vl-:,":." /)1—2 - l.\- S:r._t_ = D0 (,._._,l C1IViISIonsS
5. 5 = SA. 5/m-2 = 2.0l e o= C.0 percent
nr o o raletuie
q - . noo l t = b - 1: . Ot
D ‘ T
1 for ernlon tion of onliels, sce Snefecor, Ge ey
- P N : . “ ! e DA - L B P - —‘.b
Gt tietio 1 L.t ofs, Tue Iowsn biote Ccile_e Prece,
Al €S, Loui, Juduo, D 121..




s - NS ! -- AT L - ¢ - (AR r X
DIAL REnbl G O T-1 20 WITH 14 810008 (F L2 .TULS ALFLLFA

- hid ~oo - - - - B Tt
h.D U;u\D'D san L _.:.V_ 'J 4 b_ULb‘gld L\ .-J'.,’_:—) coaw Ll i ‘—Z nd.)
i ST em e B e S o oy e T yT T
79 PlriilT L AL Ul-iaLyr 20000 ..\.-)44.4)

ter vicl
e Reacing

1 L7 .4 £0.3 L4 Low 75

[ = . o~ O o -
“ SIQNE SIS o0 LG 15
e Bl o b = =
~ O Lels Lol e D 51 Lo 20
. -~ = - L3 - P ot

4-' o<-e L e O v7 dia AV
5 z TG 0 MR (SN
~J 17 . l uoe O o~ PSSO (2
2 gl R oo -0 ~
O \-/\_/.7 vl e~ [ Lol f~e
’7 SR e S0 - e
D ek Ul ool IRV 1w o

¢ 5261 vo.0 O Lol 17

)

10 61.3 0ol 00 e £

11 il 6L WO 0o LG

)

12 7005 75,0 7L 1o Z
S T7.5 72.0 7 L.Co 6

12 7i.3 0.4 70 1.cC 56







reiGil e CET. Ut Lo Tl

WS L0 SCG.
wiactoer tue ¢ ascs Nicted leter wiil riae 1o eTer soituble

Ier iga noisturc cen 0.1y be detorrined by

A . C e
IGIC L testse.

R -

& T at s & R IR R e o Cow e
ture. I ovCer to Liowveo CL o0 TilC CaSLULLLT ClL 0 t:is
riter, it.ovt sy elioces, for too detoer ootion off Viient

Leiiture cocvent, tils test wig coolucted.

et wn wnneislied con-

) wis claced in the tost
tle teor dite. Do) oseodiron o thoon end Lie s.ovn
_lo?,tg(; CoT Lot oo tovc el concant in Givonr X, 1:.¢

L A . T, . A A S s L7 o Stcirnl e
B oy A A GRS NP GH G e S O NEE R Y ctinlite




e - | : ; b ; SR U SRR _J
| L= o _ , . u i j !
! w, . _ ) i ; e ..iTl.IH — -ITJ"TmF.iiuw..L.-s,,i.wii.r...afn( .
SRS SN S o4 Lo P Lo R A
I S [ e
: { : ! LR ! . ! R T e SRS SO — ]
_. o L ” - . B R i
! ~ R e R e e R - - . ST T Y I -w [
e - ul . P N ek M _ - L —
| _ B ; Py O\ - ' S 7 :
! & T e | N N T
[ S . _, C ! 4 N o 4 R S ) * | o ! !
N S = ! ! . i . ; 3 —
' . : b | V) B i : b - 7 ; T
! | | . t ! U | i m | -
_ e et e et —_— i m | . _ o g_: IS W —te- - { m I m
i M | = R SIS Ak Al EERS B N o N i } L. ~m _ —
I R e ! S SR U G _ B - F Lol
; USSR SRS VRSN IS NSNS - S b S i R R e e I 9 L r m o
L w .0 SR T 0 . w | . ﬂ ‘&..m...lfltr-fjl T
_ _ : ST S ' e ‘ “ | L bt -
_ R xﬁlM!@H o " R R S A - ul G
: T oo A . _ * - -1 [ M ’ e W :.liblﬂ&%m — 1
m S .X-L.m. W_ R e e TN T S RE L
. e S o 4 R I RPN RSN e A R N : % ! = | ;
T 5] =k B R i IR i T s .
w i ot ! Dl =< | m — * i . 1 . | ' } : M | . s
" i J €= ! o A ~p NCh e e b AR B #
Ll e T W ;o ST R F o N _ ﬁ < !
| TR SIS : [ R ” L T S S e = b :
“. ' b { ' . | _ﬂ | E — " T T H ' : _ | . { iA,.L..x —
_ I N S O ST r : , o Ot et | VR [T S R 1 :
I S R B R P SRR B EEERERA RN |
e g L N SR
: ! e e e e e . , “ : iot HEREIRCE SE i
coa — T T 1 N R T b N e : | ..
R S R T el S | L el e |
SRR D A R I e U R R R U D T O e A O R I B
St ; : . M“ ol " R R . , A t, e _ " ‘. : Co ; .
AT ,“.T.WJ}»J o u ol , A __ : O H .. o " ) ST
! : Lot L I ! ﬂ ; . L SPERNEN S S Ty Ty T T "
RN R - N R N g :
R i ] S A ——— BRI .
m L - D_ 1 DR TR AR | _w B} ,L,‘.ﬂs_r::. P S :m R ]
R A AT R IO A T S S I A : S T
! R P o _ oo i 75 Elmﬁﬂwﬁuéd«md‘ qG | R AT SUUR S
i l-x.L,\J T T “ | ! o S I * ' ﬁ : " ! X .t
- B ., . : o B . |..4.IJI T B ) N o B '.Iw_ti ! B e M v
o f i e e e I “ RS S R i a S T D SR
— N B o T E TR IS A M [ ] — i in T LI
S * A ~ - T b w S N SRS — T i S AU RN R U
[ N R - = I o S ORI Y S AR B _ i
o - 0 TR0 N T U S B EREEECRS Sk ﬁ A R R AN N B A ..
| P * S Pyt . “ ; s . : e Sy Cod 4 | |
Sy - - ; “ ; L S i i i ) m SN IO SO T SO R B
O N O B i A S o Ll e I R S B
R T R L e -l (i SO S NS S ,hn
SRR RS R SRS L




11\'/;('1 t,' C. . Y . .1_—,t‘,\( T T T Ay -t = LT s T T s B e
LG C ceto s e iU Lo I e LS Y UTL G S 1O LeoLS ooer

LOStL] Procetire LUt g encciien d roenite for tilie aro-
Lininory teete Too vee of @ sheels)l fort o= ovw citen vorld

rITTTor Cnn

l. Covvecitivies reotor. vl tho teste, thic orerition

I T - vt S s
Cl Tiie @i veeoote 12C Lo Te IOV L I

~sioctory. Since no hurel-

cerrelotilon botcen the dicl weuding and t.o uvers e relsture

cotint orf o eninle, tic verticel sidces on Lo Leottor, lote

(SN S

Lere pur oved sl :orlet, 11 1/8 ¢

Stletlituted. & sucet of one siztecnti lrctle os aloced

R P T T S Y .
Ccr to Loasvlite Bet. CLLoUit0GESs 1Xchnt

N B S T T e L S,
tihe hoy end iroveve toe & ol tihe wnn.tTe. L. ordcr o cutein

CLO0G controt Letwoun tac Nlestizc tnd the clectrode, tie

-

Jlicstic shicets verc norted witil soft end cresonre e .iiecd

S0 &s te ress toe Lctic Lote the lite..






10 Linils e T o8 dltew o tlon oXf oL Lo contin
° - - s - e a e . s - - et o e -
Wl Toow w sl oin, ZITVOLTL T LOS Lot SVl To Lol 40 et ol

s solocoad
ssivinliticse.
trh.e ncasure-

o2e.tor losses

-

Lol ena Llous Gle ersion wvonld

ing tie orer tion ol & Cnteion 2C iz olstore tester.

ti_ tlors ol tic Lisle rclatlions.ins

™ N H | IR =
Lo te L enTs L 1ivee g

01 tne netied indicnted t .ot conscltuuce cld not cowrce with

; rodzo=T'roctener rance.  T.ise tests

PR
(529

-

,
-J
N
n
S
p
ci
y
ct
ct
,(,‘
v
©
i
w
)
(o))
-
ki,
L_—'
o+
i
(r
Ch
¢
Vo
Q\
ci-

cunreltoce volstlionsaily wiles vis Q¢ endent o tie dinitinl
LGI T of cniole vut Ut ot o.or Itceter-cticltonce
rclrtincnciin oo not conolotont. Im oll reoaivw el
Incv ot S hige=t e ol 2 oo T Uoot teo roiucee losses

dre to d-c codunt vitre

cneitor cell

ct
P
@]
ot
(.

v lo oeolcin

- . A . A e e e PR
S GeSl el Lone OO ITIMCTL0 . o7 TULS8US 0L Tiiis
13y =5 v -4 s AT Ay . .
Lizerar.ent T Tl LD (DA 1 .




G
mn
¢

5
; -
I
n
<

o:ly tic Loy i oles

Y

il tlon s 2.0

cnG 19

(Y At i iy icoistire convents (Loolcen

e - .- . . . B ~ - A - 4 S T o= ot .
~ c. o< citunce-rolsture content rolimionsilid 08

R

e
w
~\
l«'
n
N
O
}_-
w
o
)<
i

Tl LooaTlolnrd covition Iror.

Sorecat notoo owmae o Jol.)l to £1.0

e - s “r o~y 4 e mer B I S o, + PN
Mol L NINOVe Tole Tecarte” 0l Tie TLTlTte In roder to nrcve
A e, e Vs L Cy A P L E

C Lo Tl v i o Thie Lecorvnentt s on Lalloiter of iy



(]
[~

~r

[

P
LS

e

15

PIZLIC I Y

rooaraT

Hl ...
huo

St:-nczaids,
1949

Tl
e,

Hoe
ol on

T ;atwrﬁﬁ

Corrrution, Dconter, He Jee Ivnctrucetions
f ol *Lgatwoy restrer crntse.

Ge Ae J1ee Loctsurerint of
il “QOL toee netnode

oG Cr:Lb,
t.Cc claot

[SpARE 0 5U5l-555, 1949
_ q e N < Y e T =
to il rgghy OIl T.i& LnuSLlulbUt

Tie Sritisi Scelet, fer Resciren in A ricultur
Fe¢ crt KT 7/42071, Test oi L:irconl lLoisture

a..afl loecring

3
I..-'L\,I‘ T:/' N TF C' 5

vy

143

cture rneter.

[ o A A
wllma lg‘,d O

1., D. Vi estrond CO.-,

_rotnierton,
Tiic., i

Lorevm, H.
I.;CGI"(J =21l

Surten, D. F. ond Pitt, A. A nev pet.od ror the ru-id
estinetlon of woter 1n wiouinte Cintde govr, HeSes 1o

158-162, 18L0.



Te

q
i
oy

1

15

O

wle-

]

cry, S

P

L]

o

17. Doitor,

..ZTC

e

~

D+

) v

—_ o~

- wjC .

WU

ot O

e IS
R |

S lea 33

- U)o

L.U-

oo

T.
da

SEs A

Y

—1

_ ’V?)—

PURN

a4

1c

-

e I

bl

N

e

doce,

Lvale

v

ot

T .z
£ C.oi

(S

)

PO

)

LiC

[Eey

—

)

<4l

t

L C
) O

!

leav

1D

4

Collc e,

te

[
[TV



. e
to, He Te it Gutty, (o Too Ccterninction of toe
S . ~- L ot REPIREL N BE AP R
cleiric cconesunt of 1o erisoct Luzvlitore,
he
&

P 1€29

ST e

™

L]

t
I ot

N e oy a2e -
T CCTegtors ICr

- ,"\'f‘thin: l DIAEE ; v T\‘),

o ot - oA ey -
w?. LJ’ILC.., Lie Juse Lailfl CQ-\; C'ly He J .
i : i

ICe y AT 1 -
- - IENPIEN
IS N, “\’ e

. P T
S LCculohi=

LR

ee cnt ey, 8. Ce Moo ficleetric nrocortics
Jotericloe. ol ‘ : ornel,
"\rv
Jel e

(@)
)
.

ic »proocertics
cireet

T Ao, e
o J‘ ;l..

S

-
AN
-
ol
APER]
)




i B
_







MICHIGAN STATE UNIV. LIBRARIES

ORI

31293102772351

W



