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In an earlier agricultural era, hey mes cured in the

field until dry enoth for safe neturel storage. Etch farmer

had his own peculiar rule to deternine then the moisture

content of the hey had reached this safe value. Gained tnrough

years of eXperience but probably not too eccurete, the personal

observation method was the only one available to the farmer.

Lre about 250 hey driers or finishers in the

(
‘
I
‘
t

Today there

stete of Michigan end over 5,000 in the United States.

Numerous reseerch projects have been conducted to deternine

1 V
' . .— r‘~-‘ ' .'\--~

1‘
‘“

. -
n

\ 1‘". ’I' r.

.roper ney reisture Contents at tne time Or steiube ior

f
t

,
5
;

o

the verious systens of driers. This information becones of

little value to the rerner if he must still rely on the old

netnods or estin ting roisture content. Present practices

consist of storing the hey at various moisture contents

between 25 percent end 45 gercent depending on the type and

capacity or the system and the enouht of hay already placed

on the drier. This condition contrasts with the situation

beiknxa'tie‘use oi lug; drierS'theii'bie f-rner mes (rig; inter-

ested in one moisture content; that is, the moisture content

for safe storage with natural ventilation.



(f:

A:

LA.In View or the need end demand for 0 device thich tould

eneble the ferLer to rapidly deterrine the moisture content

of hay before storege, the inveetiéetions described in this

thesis mere conducted.
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A. Direct Letnecs cf. 1;"-3‘ore1ent

l. iron“~Dt"e ict.cd. This excct l: oret cry metxod
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nos been in use for reny yeers to determine tie IOiStIPG cortent

l “11' _ ’ " ..- " c

i1e corronly e.cce*tcd retooo lo; the calculetlon of

cisttre coiteut is on the net basis and is ;iven byh-

the iollonifllu orxiula:

Percent Lo‘sture equals {got

Tnis equation is usaH<1'tr01\k‘)hout txis worli.

Ici;ht)-(DryH EI-s...;i4 It):':lOO

C1 kt H61;ht )

(lieu; t i on 1)



of all IOTLS or tutorial. Tie tcSC consists of boiling a

bweiéged dangle in e oil or other fluid Luvi1g a higher1 oilinU

point teen aster thus ITIVIMQ oii

steam. Tdis steer is then ccudcased and the condensed weter

1:e»i:11ed or tne volrre 1.132.5110516. 3.11 Cl‘Ciél‘ to crslculate the

Loisture content of tLe sergle. Tgis Letnod is lirited to

.1“, - . I -. 1'1 "1"

cc rescurCu ll1t1utcf end is not grscti

.1. A—‘»

('~ 1 - A - . f, ‘1’!“ Wu ‘1

(Al. ILJI but, Icrmbfo

‘
0

y

w. Psrxs actsod. In 1932 Duvies (l4) rcntioned ; method
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fietls. CeCCLi)O plus C032
4; k'

plus 30,400 csl (Lest) (Ecustion 2)

Parks fcund it 1o1sible to measure Lcisture in plant
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smell size or ssnple (so grcrs) LALCJ IlhltEQ tee Significance
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The small size of sag. le l‘bq‘.‘.il"id sevgrél oct-_1:..1:i.t ons in

order to obtain an aver: e value for the field. Lit; fifteen

minutes required for :Lcn OLSQIVLthH, tLe onetnt of tiLe

Spent in testing its soon excessive.

'1 .1 1..-,” 3 ~- 1 “x “Uri-”7” -.
v. L:ocrctcJ oven ordiig Letiod. rrctcoiJ tnc Lost
 

COLJtfllITOisttnw;<ict ‘llflitdlfllluLtJCQ uswiiixf rbSthTflll&OranS

investLetin; nay drying orcctices is tit. leboo‘etory electric

oven. USUelly then"<:t Ll“‘ll” coz1trccllec, thse ovens are

operatei Lt a tongurtture of about 130 degrees F. Ior a ncriod

.or 24 hours to CriVe ell noistore Eton the SLLple. Tonoera-

ture control is inortgnt in these ovuns since any cLarrinc

01 tne sepjle indicate5 tt a Lenicgl reaction is toLin

pche LLich till result in no loss of scxe dry matter from

the semole in addition to the yoisttre loss. T13e notwtr of

tne equipment in addition to tne ion; drying period liwits

the use of tLis method to tLo CLOTCtOTY.

4. Dexter trctor oven ygthod. Dexter (17) in 1947
 

O
t

develoged e LetLod r neosvring Loisture content by the use

of an oven attached to tile oi...ust pire of a tractor or any
‘

otner internal combustion en ine. The not exhaust gases were
\J

"I

allowed to oess through tne semgle 01 hey mLicL mos placed

in tn= sinwle, Loren:de oven. The texgeretnre of tne exhaust

gases and hence the heating of the sepjle was controlled by

tne soced f the 1&CtOT 0”ine.



t}

detcrnine hiv roisture contents anion vorien not LOTO than

three percent from the values CctLIMiHCd Ly tge electric

oven nlimel;for sgnples iiwmvifi1e seno pC[lJLiLUfl1. .Abott

six ninetes were required for the ecmtal cr“np process not

.1

including the tine rectired to select and wei;h the sergle

end the the necessary to calculate the percent noisture.

(A noisture content chart tould reduce this tire to about

muandnute)

The rain objections to this method appeared to be the

following: (a) haste on the o:rt oithe operator no] pro—

duce high tongerstures resulting in burning of the sanle

and inaccurate results, and (b) Since SCVerel tests would

oe necesszry to obtain a representptive valve of the moisture

co1tent of the entire field of nev, the time consuned would

be excessive and the t1€ctor may be needed ror other work

14- 4. .- , —-‘ ~
84, tn£2 Scfin: tij e.

5. Other direct nethods. A .eri-cito1tic Loisture
  

q

tester Lenuiectured by the 1r"*”rdcr tor tr tion, RochelleJ.—

Perk, Illinois, is en ettexyt to reduce the amount of labor

in teichinv an] ohecginr sersles.. The notoritl toto tes'e
U U ..

(
.
.
.
.

H

is placed in 31111 trevs CCthL on the circuniorence oi a
U

horizontal rotating disc. As the disc revolves, the material

is weighed in a coal zone and then passes into a hot zone

where it is heated and the moistrrc driven off. Gene'snt



ignt c; the Sir1le as Lessurei oy the 3e11Sitive balance

I

built into the rec he ilticioes tngt the drying is cox;lete.

This device is used hith excell nt "“C1lt to Lersure the

Loisture content of seeds, fruits, berries erd any other

Lateriol then th: size of soLle is small and the length of

11s tsenxhgg.period.turhrportont.

A moisture tester utilizing an infrared heat lenp es

the h~et source is L:nutecttred by the Anericon Grog-Dryinb

Equipment Con;:ny, C:Mys‘cl Lshe, Illinois. The percent

ucist11e is easily read ire; the cslibreted scale of a built-

n balance. Ho opera in; dsts are available on this deviceP
.

‘\“ 1 ‘.'\ I“ ~,’ ‘I . e.‘ . ~ ,-‘ 1" 'l - V V" 7 ‘ _ n A, ‘v 4!" ‘ A —. “ "\ 92‘ ‘4‘ 7- i. 4‘ 1

bet the 111hCiyle oi actions o,gedr to be the lbfluefl oi the

.1. ,- 4. ° . w , l .‘ 7 ,- .. .:-'., .- 1, I ,. - .' 4-, -"‘,i . ,7. 1 . . 4;- :

ULSlIiDQ T-‘-"_LCCL chC; Lhik; LLUCUifgibu‘r lle' r. _10..€;I‘ COI’LKL'VL Dion

Hakim“ it irprectiscl for gortsble field us ..

3. Indirect httxods of LCAelrblCt

Euu/ property Ci‘lxgrzngich varies tiiflirgcisttre co11tent

at e consiste t, predeterrined and Lc33tred rote corld be

”God es fl basis for the detorninittion of he? Lois‘rre con-

tne LifiiSUTEfiflfllt te11n1olo"r;1esenteo.1u; Lgnril

end Corson, (27) an analysis or theSe Lethods can be outlined

38 in TAIJLE I.

Altho1gh some research has been done, no one hes con-

structed a successful hey Loisture tester using an indirect

Lethod. In the developLent of such o device two grobleLs

are encountered: (s)T1e dete ninetion of the rate at thich
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rigid and accurate results. Corrxgetec steel rollers Lgicn

cr11sh the brain colc,n.t are rscd as electrodes in this

a weretus. Of tne ten LCtUTS tested, two measured tne con-

ductance of the sarjle arfi M‘t o grated on the cielectric
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n“jCturtl Engineering. Tfie oriicial rejort of the test

(3) states that the utter was used to tcst the moisture

content or 25 wrain senvlesJtn z:oisturc contents or tnree
4+ .J - "i

to fourteen percent. The maximum error of two percent was

incurred in tto Ftfljles. This error is quite lcrie COI"TLO

witiL fie scotntwg; or axufi:[er ;etei'itxntfectrimfilixr mic s21zie

.
coxpeny.. (Ste Capacitance hotnoos) Tue rejort states tnet

the meter was used to test the moisture content of milled

6I‘ief grass from a “Dedmutlc drier. -Tnis practice was con—

srfle ed oi‘c1u s‘icnble \nfbie by the oiifixxu is since “it was

titn unwilled 5rass sno ll tne grass(
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‘ -. ". . ,. .r : ,.. . . . ’. - ‘ .' .. ~.
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Sevcial cth.r manufacturers prcorce raters ogerating

(T1 thcz‘v‘sisfixx;ce 4qslncj¢fbe tC>1neFSL1N5‘the1t‘rst1%; contain;

Of sects, groin crd wood. DUNlQfl ano Bell (19) state that
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latter is exyressed in terms of weign per voluLc of Mood.
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tests was fence to be 0.9 at Zero percent Loistnre toC
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v
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clusions tere nude :

(s) Tue change in conguctivity of soils at various
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(b) Tge tlcrLel conductivit; o: soils gave a reliable
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(c) Cnsnges in salt concentrction of tee soil eii not
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Figure 1. Bridge circuit for measuring moisture content of

hay with a thermistor.
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Rearrssen and Anderson developed another dielectric

meter for estimating the Icisture content of grain. (33)

Tsis meter eccoznodetes e 190 Qrsm ssrple unich iorms the

lectric of a condenser in the plate cirCLit of a triode

crystal oscillator. (See FiQure 2) Onenges in capacity due

to tne S:1:;_:)le ere cm‘C‘IlSu-Lk/C‘ 101‘ by vcrjiunQ tne cutout of

a variable condenser. Botn tit: and without the sample in

the C‘”LCltLi, the vuiirbl condenser is slitsted so that

the capacitance of the tuned ciiCtit is oi’ tne correct value

ior os cilletL01s to oc our in tut triode section of the tube.

Tnis oscillatinQ state is indicated by tge cherQe in tne

Snedox; angle of the i1dicdtln' eye ci tire BEES tube.- Tuis

neter mes cslibreted with 159 SQQLlGS of Cenedien herd red

Sprinr wheat and the stander error of estinete found to be

0.86 over the rthe 01 ten to seventeen percent moisture.

Gerdel and others at tie Central Sierra Snow Lebcrstch,

Sacrenento, California, (21) dcveloged raters to measure the

free meter content of snow using the dielectric principle.

He stated that the onenQe in dielectric constant is a logical
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Figure 2. Schematic diagram of dielectric type moisture

meter for wneat.



basis for the develoyrcnt of any Loisture neasnrinQ instrLJent

unless tnere ere excessive losses involved. witn snow,

cr3stsl size end density had a marked effect on peter factor

brt were dirficult to neesure..

A moisture testor for cattle foods, seeds, dc etcd

foods, straw, tobacco end ctner materials described by June

24 WLS developed by Herts;o*n st tne fictional Pnysicel

Lbor.ator3, Eanand. A sixty-cycle voltsQe is applied to

tne capacitor cell and either tne conduction current or the

cenccitsnce urrent union is in que.di‘tture is nensured.

(See Figure 3) Tnerefore, tne circuit reSponds to either

casc- citence or e-c conductance cnenQes or to any co:..binstion

of he two. Since a rise in tenjerLture produces a decrease

in dielectric corsten and an incrL£se in conductivity, the

celtined MbtiOd oi Iezsrienent enables over-all tenperetnre

variations to be mininized.

In 135;,pails (4) Lecsirec tne moisture content of

baled cotton by Leesrrin5 tne chenQe in capecitence between

tne nine iron hoojs on the bale. TnlS net od enabled him

to be certain tnrt t-e noiiture content of beles coning from

4-‘ , . - . -..,. 1-,- - . .-,- ,t‘: . n ,.-.. , ., .- .,
Lula- 3l‘pr;€S ..‘CS ;J\.at1,\‘16fl Elpiit chats. 111.116 _:.LTCCI1t £18 r’bldil'b

4.4.,

by ill-t 'lelL-ti OM13].“'1; lLCllt 3b t:l<..Lz bl.-- Xo BLllS also in-

that a ceoecit? b‘idQe netnod oi re;srin5 c315 citence changes

in a buried condenser mes inp‘scticel on accornt oi power
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Figure 3. Schematic diagram of dielectric type moisture

meter developed at the National Physical Lab-

oratory, England.
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resoq:nce 1me10d tne9
3

losses to the eerth. By tLe use or

eiie ct of this loss was eveded.2

Fletcher (8C) rss another of the Lsny invLsti5etors

wno conducted tests of sci roisture content bssed on lie-

lectric methods. The results of 415 more seened to indicate

tnet the Letnod was a 1elieble i11dicetion of soil moisture

and o1iered possibilities for soils "in situ". ”cesarenents

were Lede by a resonance LCLLCQ to avoid effects of power

factor hen5cs. (See Figure 4)

T1e ngil cation Cd‘ihyc capacitance Lxfiixxl'to the problen1

o: kegrér1s IwacaiVLd.l_11;tc smatentiond Shiloenlernnr ($7)

cendrct.d seze investiaeticns usin“ especitor glrtes six by

eignt inches. set Len me plates res a 5ly2ood box nitn a

ssace icr hay two inches tnicx, four inches tide and abet

tnirteen inches long. USin' e frepueocv of 5.5 megecycles,

he found tast moisture contents of forc5es up to 35 percent

gave re din5s of Leesureble differences. Senocnleber

ccrrentee.in; t it 115 Luite *cssible tnet ot er arr15n eLents

'o

and 1-1ntn ies ior a cepccitence 1eter111151t be a better

‘V I

iflulCLthfl of Leisture coonte1t.

Another use of tLis Letncd was Lade by Esrt in 1947.

3‘3 Using :1 frequenc; o1" o1.;e tl'1ousand cycle per second

and the <=.i1*..ple l1 ‘id5e circuit shown in Fitore 5 to Leesre

R ‘ I" " ‘ .‘~ ‘ . - .~ —- . f. : ' . . 1“ 1 ‘ (1 -—“ .- - r . r: -., ~.- ‘ \ ’- ‘ ‘1 1' J—

C..«..-1. es :1 n or, 35.5113311105 118 cotelned res-41.1-11 S ELCCLLJ; be to
.L ’ L

live percent roistnre content. Sore 0111icnltics rere
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Figure 4. Diagram of method used by Fletcher to measure

soil moisture content.
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Figure L. Bridge circuit used by Wart to measure capacitance.
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In 1929 Burton and Pitt (lL) devtloged a Loisture tester

for onest depending on tne cnen¢e in circuit inductance caused

by placing tne wheat in the core of a coil contained in the

of e vacuum tube. (See Figure 6) InLA.rcuitP
.

tuned plate Ce

corrented tLet the cnenges produced by the

o

1973 Davies (14)

insertion of the seed in the core or the coil could be caused

by Either of two reasons. (a) Tne onende in the effective,

inductance and resi

o

I

stance of the coil due to eddy currents

induced in the seeds, or (b) a onengo in the self-capacity

to e change in the dielectric constant ofof the coil due

port of the surroundings. he contended that Belz (5)

tnet tnis eddy current effect is negligible even atI‘,CJsnowed

redio frequencies for e highly conducting liquid such as

concentrated sulfuric acid. Davies tncrefore believed that

this netnod actually depended on the change in self-capacity

il or dielectric constant of the core. Before re-0of the C

Viewinq the analysis by Davies, this autnor conducted some

preflnuuineiif intwnsti;;iiions lNIting inle ctsur;e ill coil.:hi-

ductance titn mtieture content of hay. These results ere

presented in another section of tnis thesisp

Tnis review of literature revealed that no knonn porta-

ble instrument existed for tne rapid End accurate doterminstimi

oi nay moisture content. Although a great amount of work

”is been conducted in developing agoerutus to measure the

Loisture content of soil, wood, seeds and siriler materials,
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little attention has buen paid to tge Lassureuent of the

Loisture contcnt of may. Tie fruscmt need for a solution

to tlis prob em suggested the TESCLTCJ to deterhine DbSiC

rel;tionsgiws and tie dc ivn of suitable affaratus.
a- '1.)

U
)



III. TKECHI CF UAEBLITALCE LLTnGD

In order to aggl; the capacitance retnod to the measure-

ment of hay noisture content, the nature and behavior of

dielectric nitcriels rust be fully understood. Since the

develognent or the electrical poter and cornunicetion indus-

tries, a greet nunbcr or investiéstors have been concerned

titn the dielectric properties of insuliting rateriels.

Tne purpose of tnis section is to correlate this irfornstion

nitn tns problem or nessurin; noisturc content.

A. Dielectric Constant

Dielectric or insulstin; materials can be considered

of bound cieres or an assemblage of

(
H

(
I
)

Q
'
s

H ,
4

Q
)

U
)

U
)

(
7
3

’
1

U
‘

i
_
J

L
)

(
‘
V

\

charged particles which are bound together so that they

1

cannot drift from one electrode to enotner. Tnis condition

contrasts with that in conductors, unich contain free

electrons or ions. mnen a voltage is a plied to a dielectric,

the electric field causes a systematic disglecenent of tne

bound charges from their normal position of eotilibrium or

,u..

tL€:;NTSition.tf%§’ OCCUpy’YZMfll tne enfiflied voltch2:is zcro.

Tnis effect is terned dielectric golarizution. On TCHOVZl

Of the volta e the clerges return to tneir normal positions.

If two metal jlhtgc are sttscned to ogposite sides of the

dielectric to fern a capacitor, the cnsrge stored in the
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of One thtsxnd cyclas gar sccccd Lcy h;vc M inc to the

Viriution in tic nxcxnt of ifltariLCiEl golgrizstions uLich

occurred. Tocu-lsuv ( 9) resorted tnpt tye use of a low

rsoixi fractmwuxr clivfijn"tcfl t3» cn'ift :mxrlfi*fs onccttitcicd

«how an :cdio Irk-1kHC" was useo to LauSNrc the Lielcctric

coLstunt of whgst. nb~zrcqtly, the tsc o a irogucncy sigh

enovjh to eliminate crilt r:“.djngs cni low cnonh to pcrnit

csc and ac;Mirror of ‘SIVCqut is Lss1ntil to the suc-

cemisfhgl llcfi‘STZWfl,c1Vt (if 1m'r rmaisin‘rcz CCHltLfllt 11f tr.; c'islxgctxric
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is subgecteC to an electric field, tee Cipole Lolecules tend

to be aliQHCd by the rielC. An iDCTLLSS in tcrgc'eIre “ill

ogpose tgis teuCcrcy and, hence, result in a decrease in the

amount of DolinLEtiONS. A decrease ifi terrtune will

produce a decrease in the m-rrel energy resulting in less

ranCcL crientetions of tee nulecxles and an increase in the

amount or poleriactions ar1C dielectric cozstent.. host

materiels nave, tnerefore, a negative coefficient oi dielectric

constant viii: Uajpcrsture..

2. ILVM_ c'tric c:Estflflt oi granular naturials. The
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C iclectric ccnstert oi soliC sheet materials is easily oc-

ternired by ccistr" ’cc 3 cafi) citor having the material for_A-‘ -Q

a Cielect ric. if a Tranuiar KLBCrlfil sucu es wnect, aey or
L.)

ilour is pléceC bctmeen tne plites of a cagecitcr, the

measured C3-CCitg”h will be the result of the dielectric

constant 0i tue Laterial enC the dielectric constent of the

air in the spaces betimen t1e j: rticles. Yevstigneyev
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e dielectric constant of e uiytnre i1 relate:

dielectric cestznt of £16 " 1 » t'
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where kl is tha dielectric constant or the mixture;
AH;

kl and hi ere tge dielectric coustsgts of the
LI;
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o. Dielectric Losses

Dielectric losses in practicsl inStlstors are due to

'botn eiis orati cniainl cinn111ti0n. 1d);oritixiillossrs 33x3 the

result of tnc disl"bon or the enerQy of tut field as heat

because of the friction exgerienced by the bound enerQes or

1ipoles in tneir rotion in tne applied field when forming

pol“riidtions. Conduction or Joule he'; losses are cstw ed

by the presence of iie ions in tlc d’electric end are

pro:orti Oil to tl1e direct current conduc tivitz, of the 3118.-
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T'Qe total current floxsinQ t‘11rouQ‘11 a cage. *3. or is com-

posed of a dissipstive end a non-dissiiative gert. Tne

motor factor of a cayecito“ regicsents te fraction of th

inputvwoltazg-x:5 test is dissiwsted in tne condenser»

UsinQ tne ecoive.lent series of i
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eane is tne anQle bettccn the volteQe across tne ccgecitor

and the current flowinQ into he capscitor.
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(See FiQure 7)“ In a geriect cejecitor, tne losses LOQld

be zero and the shese eane toxld be ninety chrecs or the

voltLQe across the capacitor would be ninety degrees out
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oi Puase LitJ tnc cLicht. Tie loss i-ctcr o a n teriil

is tne arodtct oI t1e dielectric COMSLant en: roger rector-

Dielectric power loss is p cportionLl to tne loss rector.

Anctncr indicetion of tne lossLs in a cepecitor is

, . . o L 1 Q,_. . , .._ - .

tne g or gptlity rector. pf oeiinition, Q is tne rLtio
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no ejglicd voltage. An engrossion for Q is

 

Any czyucito.r 0:: be refircscctcd es an equivalent

—1ics circ it or Ln ertivolewt pgrellel circuit.

Tne e uivrleLt gar;lel circuit and tn’ corresgonding

vecter TCJ‘E'ODSLL3 1r ' ” ‘ ‘

«stir l. c: it: it.i; E; L:.s Liceni oxyttiriirugo. i1 :

*c;i , tge eqvivilent :Lrellel CLpeci ence1

elcglstcd frcL tgc iolloxin' eQULtion:

 

If Q is Qrcetcr tnLn lC, the two capacitances ere

alike to Litnin one percent.

.
.
J
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sixtion factor, D, Viiicli is tie

of Q.
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Equivalent series circuit of a capacitor

Vector relations for equiValent series circuit
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Equivalent parallel circuit of a capacitor

Vector diagram of equivalent parallel circuit
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A. Cbgectives

Since the review of litergtrre fifll atuey of dielectric,

theory indicated tiet tge cefiacit1toce Let od offgrcd possi-

ili.ties ior tgc mete;
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D Iin Lsti9LtiCLs Lch conch

lationsiiis out.eeL hey mleEUTL, frequency, peter-factor

and CLchitercc. Tile soccific onLctM',s of tnis stLdy

were as follows:

(a) ”o det;zPM no the value or capacitance and pOLer-L-

factor of a CLchitor 13in; bay of vorying LoistLre content

as a dielectric;

(b)

and power i?ctor;

o GLterLire the ein ct or ire“DUIC” on CLL.citonceF
3

(C) To oetcrzAne tLe cu-be in th cLiLthexce - hay

KOiSture conteLt relLtioosiip Hitu ILtLod ofucLin the

1

18:] o .

An initiL.l co c'ivo of th grogran ULS to *ctornine

L‘W . _o ‘ ‘1 ‘ h 3.. “ 3. r‘ _‘ ~ .0 f ‘V ‘_' 7‘ 'i .‘ : r) ._‘

LAG IJILU;VW size cl :LLJle “Lieu LOLlQ Div- L true ibdication
.AA-

.0 - I“ _ ‘, . _ O 1- _‘ _ ,-‘ K , _.I._ f‘ _'_ —L- 0‘ ‘1 ‘ _ v -‘Q /~ _: N‘ ‘ w t v r-

oi a or we LeistLre cortent. ouoseguent QCSlUn gLrLLttod

J- t‘, .. ‘ '3 1,“ l - .— ... _,~‘ -' _ r u : ‘ \ r_ ‘ 1 . U - _ ~ , ,. .

the use or ; wL; LLL;LC lLrvcr tuun tLat us eo in Lost prLSLQt

mgtgods, ngrgieye, no tor; WLS undertegcn to meet this

objective.
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Preliminary investigizioos were concucted to deterLine

the effect of moist hey on coil Q when the hey Les placed

-

in the core cf the coil. ho exheLetive tests Lere conducted

alteq'LJilysis lvmhuaaLeL tLet t A: ares essentially a die-

lectric LetAcd.

B. Q-Leter MeLSLreLents

In the following teets all LcLSLr Lents of capacitance,

and Q Mere Lede ritL the Loonton-tyje loCA Q-Lcter shoun

in Figare 9. The siL‘rilict schemetic diagrer of this meter

is snorn in FILure 10. The Leter owerites on the resonant

circuit, resoncnt rise 1r lei le Lhich is based on the cht

that ‘1331 a lrumri radio iiwxguuicy volte¢x3.is intirfihumxi into

a resoxaut circuit, the ratio of tLis voltage to the vo tede

,.
egpeerin; across he capacitor is W‘TOX;1tely tE1e oissi-

pation factor of the circuit. TLe LLctn recio i_c.ue cy

-
‘
1

\Ioltegxe is letTC>C‘1ce :mnto time Cii‘mwit 13: pesmahy; e laiorn

Cerent through the 0.04 ohm risi,t'rce, R. Uepecitence

meesureLents are obtained by not A; tLe ozount tat the

stander” air capacitor, C, must be decreased in order to

resonmt toe Cil cuit 14416:11 the 1,111ann ca)- citor, Cx, is

connected. (6)

The indUctence, L, is not an integral oert of the Q~

meter, bit is ette c;; extcr al-1y when ILLiA* meeerCLents

oi c.35cit1Lce. The size 0 ;o inchtence must be such

‘. - "‘4 ’x ""o “ ‘1. 1N '.‘.\r- 4- ' 'F‘ '1- r ,“741.1. I‘CSOLJ': k; .._[_-Li1 tile COILLJJ. ic thZl OI. .1.lHO.h dlld171th it
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annuasurenents. Boontoq Type 163A Q-Lpttr uscd

or cugacitunce and Q. Czpacitor cell used in

Test 113 is attached to peter.
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Figure 10. Simylified schematic diagram of Gcortcn Type

160A Q-meter.
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a level 1.119 Oil OJ. “1(3ng C;.l\/I;: so Ijzfit; i no? 1;.a.,.JJ.;v ore COLLEL‘A‘LS

--—r. °-- “ ' n -'— “

wes lhblchtdo

7U) paitfil_el.12itu tin (listrfiluytel co.w;citx (if toe (mail as

shown in Figure 15. This distributed capacitance is the re-

sult of the electrostftic lield in the core noteriel and the

air near the coil prodrced by the voltage difference between

turns. Emittii (39) stzted that the presence of distri“ute

c-*ocit" thrcdrccs -oosrs in the coil Lcczusc so-c of tn

electrostatic stora'e invvlvcs solid dielectrics thich ere

,— , .. - ’3'. ,_ m‘_\ F '1 _O ’5 /‘ l— o _‘ x s q.’ 4_ .3 7‘ ._\ u. "I

716 ":1“ .‘Ll‘i uCt o ..L.»-'\‘JSO O._I.U:I.-K’JCIJT_LC 103: CS- E;CCUL\ lo .I. 01‘ Jul t 01

q

I" \ ' t. r' - /‘ f'\ . J- : ", "\ ' ' . \ f" 4'“! I‘ .H '. ... v , r':w n q v 1

tie series BuleLMWCu of t_c octasl Coil. Since an QQQCQ

series resistance will lower tie Q of the coil, the insertion

of the imperfect dielectric, moiS' hey, will cause a decrease

in the Q-factor..

Hev moist re dCtC‘L nation by the coil m tnol is es-

sentially therefore, 2 measurercot of the hey poter factor.

Tnis retuod was not iDVCStiQEtOC further for the following

reasons:

(3) Later tests tit; cedecitors indicated no con-

Sistcnt relotionsgifi betxeeo hav mower Lo tor an: moisture

content.

3 m1“ - "'r' .- (“I “-"n ' " "it" w j "'. ‘~ ' ‘ 1" ~v-

(D) lh63 Q IcM3LOF rim s icirint ..otlo-1nogoiiw3 CO; {Lei EJKi

ngensive instruments for field usem
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(
)
1

2. Results. Graph III presents tub lcltiOMluil lrt.Cen

especitence and celculeted Q of the capacitor and frecuency.

Values of capacitance have not bben corrected ior edge effect

or stray cajecitences. The value of lead capacitance was

not considered nut MES KEQt ewwrolinitclv coastent eecn tine

by Kbégln; the leads in ebout the sane 1osition fo1 ea ch

3. _H; W7sis. Tnis test indicated tnet tiere has very

little CJLJJG iL ceuacitchC between frequencies of 130 &,d

700 120., using; 11:23; at 53 yore-exit I'ClEt‘ll“; content. Con-

siC‘crin tnat tne relegation fretueucy of tne metCr polar

molecules i shout 1,600 LC;EC"cles, enonelous diCWC“CionU
)

due to tncsc nolccrlcs st tnese frequencies 1c11d uOt le

expected nor mes it encountered.. Any enorelous disgersion

t

Oin tnis frequency reuse would 1roo1oly be due to the effe

(‘Q

vari tions in ionic or interrzc iel pole1iz:tions.. sinceI
‘
t
w

O

-l

cagtcitgnce dig not dICrQESJ nitn ireguency, the effect of

these pOiEJizations in tnis ire‘tcncr range 1% be con-

sidered constant. Evidentslly this frequency ran5e is nt

near the releXetion frequency of interieciel mvoi r1zetions.

Therefore, the capacitance due to these polarizations snould

remain co1stent and not eii’ ct tne 1-1c1os oi a moisture

peter based on the dielectric Letme. Altncrb-n this hy-

potnesis jxaixised on only'cnns‘t st, lidngr tests showed no

ELQjTLLLUJblii CALgrge iJ1 cagx1citan1ce 15Lt1 1.1ertn1:cy.
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percent Les pieced Let oer tne aletes or tne c.;ecitor unit

used in tnis test, only a sli¢nt or, in tie case of higher

moisture content ney, zero deflection of tne Q volt meter

Les observed et the point of resonance. Tiis effect in-

dicated tnet tne conductivity of the nay toaetner with tne

dielectric absorption mes so great tnst toe cepecitor Q has

reduced to en unreosureblc velte. Attergts to insulate tne

plates with en insulztiov varnist did not grove successfulI
.

for the radio Ireouency volteqes being u5eo.

Tue primary reason for using a cspethor titn plates

in direct contact with the hey n31 been to elirinete tne

crIect of enotncr udnncwn and gerhaps verging dielectric

materiel between the jlrtes. Since tne conductivity of the

gay graveqtcd tgis Effr‘Lph, all otner c gecitors used in

tne work here of e tips used by Lsrt end Sonoenleber (:5)

(57) in their prelirincry torn. Tnc capacitors need by toese

investigctors hid the metal plates ettecned to toe outside

of a plywood box union Served es tre iflSLHLtlHQ medium.

(See Figure 9)

In order to deterrine tne general properties or tpis

t/ge of device, a number of rendon tensorerents at vericzs

noisture contents, freguencies,.end conditions of peCning

here rede. Tuese eXperi eats comprise Test 113 of the in-

vestigetions.
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do A-t'Y‘v:1"‘nL'L.S L1‘3 .‘i‘OCt’IJ‘I‘eo I?) tribSU chLb, Ali»! ‘..-.E‘-
 

placer in a varnished glyuocd biz having inner dimensions

9 ‘ «'7' '2 4 v r; ~ -. .r .
oi a A 7 o/e A lo l/2 llCLiSo Tao SJLCt steel gletes, l/lo x

6 X 10 inches, gere held in gltcc on the ortside of tue box

1 \ '7 'a' " '93 - -r< .- '-,, —.—.- -.. ,r-|'\ " " A‘.’,"

of beams oi too LCOupfl strips on ego“ side Inolte; together.

Q {
J i

F
1

s < C
3

8
‘
H (
DOne end of tge box was open. The other end a:

‘3ste to sIIOW'tuL:Iu;r'to'be 3‘shed tarough and out oi‘txma

box when a test Lad been ccrgleted. Loisture contents mere

determined lgr‘tic oven I;/tod imxediLtely after the readings

were taken.

The haw L85 peered by hand with a one pound nether as

it has pieced in tne capacitor unit. Tais orccec.~e was

not inteided to give reproducible results altnough some

tests were repeated by rerely rerovin; toe may and replacing

to note tge engage in Cx and QK.

6. Resrlts. Tue resrlts of tne test :rc t;bilft ed in

inost II aid III. COIrecti01s n:Ve not been Lade for edge

effects, sfimxjr capacitsjmxss, or lead cafxxirt-iccs Since

‘V ,n, , - _ “of _ ,1 ,. V. - ,7 _, - A) N, .34-.-. J- 4.1. .e .

'L-ese InctcTS iwwl:uuui djjroliLctely CLfi_iu¢HJ, wee vclccs' A

4..

elve s rel tivc indication oi tee ei F
4
3

cct of moisture content,

length and crount of hey on c;ecit:mess and cover factor.

A variation of captcitcnce from 34 to 76 uuf in toe

moisture range of about 19 to 70 percent was indicated. The

vales oi Q tore betveen 4.79 and 12.76 over the same range

of moisture contents.
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voitetxs, Q ti 1.:h1creese:1;roi increasir»'<1;3ecitence

"itn the roist Laterjtl instlat;o ITCL the czjacitor plates,

tne cogeccitonce incre :sts at a raster rLte then res

\‘Iiti‘; incre‘esin; rcisturs content to result in an actual ir-

“ , l \ -. ~ MI -. - - ‘1‘ ~~ -_' . 1‘, ‘ . -. --. r I ' ,- .J-

crease in Q. lnis Liiect Les enscrved in all tests

tnis type of csgscitor ccnstruction.

Test III: Tne Dielectric Proserties[
T
1

of Capacitor Lateriels

In order to irvostiqgtc the oielectric procerties of

hey, at ention mus given to tne desi n of a low loss

ce.t' itor uiit titn xinensions in accordsnce Mith standcrd

fractice in testin; dielectric rateri;ls. To Select

materials for tgis Unit, the oielec'ric wrojerties of connon,

cheep 1Llxdr'r:r;terirls mere investi;ated.

l- Awwuratus and,firocedure. The dielectric constent

and voter factor of the Iollowin; igt-risls were determined

in this test: (a) 1/2 inch 1 y’ood; (b) l/é ilicn plywood;

(C) 1/4 incn Losonite M-11bo’rd; (d) 1/3 inch Lzsonite

wellboeird; (e) l/a incn plastic.

Tests Mere nede by constructing a cogecitor having the

material as tne d electric end Lc1s1ring tne csisci snce and

Qo. .iCtUCIJQ , theiwafore, tin; cs1 tflfi ted ;mxm¢r factcufiis the.

pcter rector of the capacitor and not of the neterisl. The

Foucr factor of the reterisl is consiéei'ed as the power

factor of s condorser cont““ri:“ the dielectric and having
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th rLgnitude of the Loglied volts e-

The cmguzcitor ccnfiLiluurf the o'rlcctiui,txmrsstcd of

tno aluminum sheets held in close cortsct tith the Cislcctric

by means of Vaseline. LcLls :Lre LtthLed to tie Q reter

and tie cajLcitOI gchei Lettcen the leeds after th initial

resogerc: setting had b--n ILde. Sgrin; action in the leLds

held then in contact tits the foil plates.

ifixz<iimersions or tge otchitors confirred to tLe

tertLt iJL rLco“.LuoLtions oi tge American Society for Testing

Letcritls for t<:sts of joter rLctor LnC lielcctric constant

of electrLCLl insulLtinv noteritls. (l) The svecificetiors

for Less rerents LLLre e guard rirg cannot be tsed are

(a) For most Lccurite measurements, one elect;ode

shall be ngrcciebly sraller tLLn toe otncr. (The larggr

ElGTtTOdC snsll eJCLod Lt least five tires the tJiCKfiGSS of

too dim] ctric bc;ronC tge edge of the srsller electrode.)

03) PttrolLtum (Vesclire) snLll be used as the Ld-

hesive for foil electrodes. The cleotrooes SiLll be aggliod

so as to eliminate all wrinkles-

(C) The widtn or tne srLllcr electrode snLll be at leLst

ten tires tie tnicgness of the Specimen.
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:XLCIIKIICC EJJQ Ixxistugm; cogix;;t tcles tC1<l¢SIKXLS” eis'the

moisture content inertises. As tLe Iibtr sottrption soint

of tge hey is fljjTCLCILC, tore noisttre syposrs as Iree

water. Ikug<iecrosse in the emount or I-ttr held in the may

cells Lcy produce a decroLS' in tqo nuLbor of polar molecules

with the resultant decline In ‘h‘IIIttIon and capacitaoce.

Tgo eIftCt of tuiS phenonena world be to reduce the a curacy

oi a CuLoltone—t;.;e Loter at theLinor moistllre contents.

Cagecitsnce oil not very directly MitA toe absolute

Weimt oI meter between tLe pistes LS SMOhn by the line for

each mcIs tLIe cantth in CII>u VII. TIisraoh sgogs that

cantcitajmn; Is iIIlwenced not omly u? the weight of water,

but also by the proportion of water to dry may. For a con-

stantoiLt o: LLtery couscitonce incrtasos Iith moistre

coytaxfi3<zr with :II;JIc:wusc:II:'tIo {IngértIon CITIIJtor to

hell t of dry hey. Tg?s eIIoct .QWLII be expected due to

tge Interfacial polarisutions tLIch occur as the restIt of

t;e absorbed motor nolecules in the intercelluler passages

Var13 tion of nggc;tcr Q pita H313flt and Loisture con-

tent does not follow any oeIInIte pattern as sgown by the

I‘éi‘s‘dlts in .Lt'x-EJLE VI. CSBI-EG’Ilfi‘ 1110125438 in" Q ”itd L'OiStUT-‘e

Til.

content confirms lesn Its oothnto in Test III.
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Figure zfi. Corplcte ivstruncnt consistiu; of capacitance

instrLLent and test cell. (an CLCLTE&1

altar nag attac;cd to lead 5 own at 13ft

brt could be placed n instrugcnt plnel)
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