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I 	'TPoucrr ' 

Stone has "bei Caen's natesi buIldftigmatoPlal 
for thousmde of yea's either Its nates block f 
or eruètad and ree+ + ted to emit the needs of Its 

. Oonor.te is ae ti ally a- ntial 	re which 
bee traversed a cycle fr* solId to oruiM d back to 
sold by ee* ting it back to a solid aen As a aural 
USUKO , therefore, oonarete has a 	4der appiloat .e 
t has been utili,ed hitherto. With 	 a:+ dresew 

Ste behaviour, I Improvement in teeimo2.ogy of Its 
preporsttoit and 1*stnatIen In the +votutioo of r ructtw 
syetee., the possLbIlitien for Its use are boa r . 

Water is a of the aath c**etLtit of ecnerete. 
The bade e f i of watery In ccirtorete to to reset with 
cement to f'a sbthding paet r which,  by penetrstIng1nt 
the a nut. aM *ultit nems 	face irregularitIes of 
sand and coarse agegate, brfttrn thes Into close adheeteit.  
The vst - absorbed by the concrete is celled as aoiatva 
In concrete. By suitably adjusting the propo 	a of  
►ater, ca et and og 	te, it is possIble to  t coney 
for '1O' p%*'poeee,p nsely a to' NIX for road wort, a 
rich six for coltsns and, teen six for foundations,1w* a 
has eat Influence upon the various properties of con to 
.g., if the anoot of water jnoreeos above that necessary 

for cci pleta hydration or cement, it sorely produces a 
acro porgy struotwe and rete In a decrease Sn ;r 
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Therefore, several tehnLquee and Instrumentation for the 
m,aeursoett end control of Molotov in C 	to have been 
developed and are in use throutout the induetPy. 

The work bødd In this dieeertttti i to divided in 
rive 	exec Chapter 11 deals with The vartue preperttee 
of ctcrete and Ur tnfiee of water content upvi thern.  
A reviev of the existing methods hieh are used for mo re 
*eunrent in concrete La given In chapter, IU. 

Chapter IV deals with an in tne3t uhith has been 
developed for .e mean  *eaeure1!et of zn 	cciitent In can ets. 
Ca sti ve trisduoor has been need as ssor, It is 
maple, Compact and portable n 	Bch can be need 
In the f ei8. The inetririent can be need for the in+sue t 	- 
of aciature caitinnously or thtennittettly. It can also 
be need for tmovjng the moisture aattent at verto r points 
in big sit* concrete ec*nple*o The c clu . 	are given in 
tax at•r V. 
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11 CWvTE ITS OP'F 'EB ND k' E+ OW ATE 	ITS 
VA OUS 4 R?P S 

2.1  

Cmtcrete Is a o st tionat raeterjsi iLeh a si ete 

eerentl Uy of a bthding 	t and niLluerel fliler. The 
bftidth agent is i brdraulio  oenant doh develops its  
et*tgtb vhe :►1306 with wwater and, by h ► t t*,, ctangee 
trap it loose pmftr to a bard,&  brittle, etane ilk. teterial. 
' been c meit resets with water#  part or the water is eh i w 

+ally canbined, but remainder dries  out, u ng The set 
o+ 

	

	t to rnk* o overs+camo the 8 advantageof this  
trthkege d oleo to redues the Cost of the eanerete 

to mainly due to cement) on Inner filler  o usid This 
u .1' consists  or' l , * 08h 	l p10 ►5 of rook 

obthed with 	d., 	properly mired concrete the filler 
10 touted i4.th a layer of sett plat*, and the reaction 
of the went with the, water cnb1nee the vbole mass Into 
con►cr.ta, The filler or aggregate as It is tea*d#  forms 
About 75% by volume of the whole was*# 	" sutti' y .d3uetini 
the proportions or +menti, aggregate and water, it is possible 
to , st concrete. for pious! purposes, n ely a tou mix 
for road work, a rich six for aoi a and a 1 six for  
to dati s 

The following oeotlon dials with the impo*'tsnt o ' tloo 
of the tvo types of concrstQ11 t 
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Pisetic ooncete 

(ii) meted C wt* 

2,2.1 plamme Conoar e 

otic ccttcrete is  a freehiy ai oaicrste Uhl& 
o be east Into :tom eh spas o 	being shoved fwd 
it vii set and take the dspe of the mould etd rmait rigid. 
The relative gem to of eseeit, aggregates and water mIxed 
together o cntroi the ,roperttee in thevet State as veil 
as In the hardes6 state*  The Importer propsrtiss  
p t tc state are voviabiUty, resistance " to segregaticn, 
bleeding and ber&eee or Bebe . e ee of the mix. 

fly workability is usis1ly mgt the ease i4th Bch 
c wrote can be idled fr the mixer % Its final  fully 
aCipaoted pesitirm. This includes the facility with which  
It can be cbeged into end d s+herged from the ccn reg 
s *T ant the ease with which it can be pine ed in the 
tela work, and the amozit of vibmtian necessary for fult. 
otp ti*m 0 1noviedg. of the ve&kebittty .19 very necessary  
in h p 	cticn of a "well !'tai eped" concrete mix. The 
beet guide to Jud vøks"bi jty is expertne., 

This is the mechanical resorting of the concrete into 
Its C atttu t part.. The large aggregate to asperated 
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# the eeeett mortar en bee wee devoid of f e materiel. 
Segregation is aa'ueed by bad h i Ung and pt 1g which 
basks ip the edeeicn Of the mane of cmorete. Chutee, 
crneyor belie and other methode of djahtig o we 
into a caied beep cause eeegattrt. 8e•egatt c n also 
be p,l4Oed by ever j 	e ,$ thin causes the age agPegate 
to ethic to the bottom and di lose the Me mbar upvarde, 
but h eegati neunlly tebee plae etly with ` r 
wet mixee.. 

It 	 the eepe'ation 	the wet one rete - of water 
or eater and ceaett, and may be asa*Ciaied with wet p i an. 
The eo1Jd p 	e $e of coaree and f •e 	 gate . aettle, 
with a e+~rteee uent rice of the water or a water/oett mtxte. 
Thie preducee a weak euriaoe which th the case of a PA 
slab ]1 di.imteate, Bleedingto ueually due to tee 
r 	water and a leek of .free Materia. # and can be resedjed  
by proportitming the mix to include more amid and if eceeeary 
by adding noe went. heeding may also take place by the 
eeeepe of cement el 	' between the othte of the. fomivork.  
Thie reeüitn in irneiphtly biey a bf g and can be re edied  

ly by better e+ ntruotj € of the fOD *. 

2,2,2 	dened Cent to 
Th* propertien of concrete in plastic state are 

hportant only in the caetr ti m stage, whereas the pro 
pe2ltjee of c aerate in the hRPde red state ire important for 
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the remainderof Its life* in pr rtlee, :fir, it to 
possible to consider both sets of prorerties pe rte .y, 

as they affeet each other* They are so intertwined that 
they alb have to be a 	together, and in attempting 
to attain ire propert7 u  ctnpri has to be riade in the 
other properties, Par 	;ple, hi t etrgth eoeret. 
.h l Ov shrinkagecon be 	 d imly by he rise o ' 

0 3.t ► ratio of water to a + .t end a i ► proportion of 
largo eg'egate0  Suo . a si c will probablybe dare. ana  

rksbie In the plastie state.,* if it to to. be placed 
in $h It needs to be workable and am eubat 
eoh.aive, and large aggregate  a t be 'ned+ The ork-
ability viii have to be Increased, the rii mads richer er . 
cement and the total water cattent increased, *11 of Wbteh  
will tend to increase the abr '*age s- 

T The mass properties of herd ed e e r to are  
stn , peiaabillty„ 	nkage, a t+ etiei y and ore,. 
They 611 change with tins and depend upon, or are affected 

br# the aoietuae content of the concrete.  in b..ldIng 
construction, etngth, elaatety and creep are  
in water retaining structures, reduced r!rinkage and , 
pY*eab11ity are as biportent as etret 	in $ read 
•lab, strength and etetance to deteri,rstion are qtly 
,Important. Thus ft to impossible to *a that one •property 
is Mor* i* porant than another. }T'ove r, an 'the strength  
of ec t+ t• tnereasee, the other properties intprov, so 
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strength is oto, a 	rd sa The most iapc'ttt property 
of ermcrete„ 

The etretth of c*ate is its resietence to 
ruptuDe, 

 
and nay be ,teaewed in a ntrber of veys,  We 

the strength in caprsasion, In tensions  in øh.ar and in 
fletui. AU those define strength I y Pe + 	e to a 
method of testing Concrete  In a brittle ateiri*'l piTh a 
compressive etre h. When it ratio Wider a onpreive. 
Lost the failure Is essentially astxtme of eru&4n, end! 
tear Aura. M apprcdmationto the fails load 
be made by as.n.athg tbst the e&erete, in "slating 
failure, ,g+ 	tee both cohesion . cd hte''!iál fricti ct. The 
strength of concrete e for pavements i.. reeds is often  
specified as a flexural etre gth ,le the compression 
trength is defines as the mazttnr load per 	't area . 

aubstained by a o oncrete limen before fciure in comission 

Concrete is * , .. tli ptwoue matte , in vhidt  
water tiØbieee ayid impe*e.ability are often as impertent 
as strength. The per*eab1ljty affect the Ii t* endvalue 
of concrete ,hio is subjected to diidntetthg aenoes, 
mod In hydraulic 1trt*,twes, by 	 + h t t is necessary  
to ensure vate i 	er, 1m.abiU ty is that property 
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ti1e1t pttto the ptoogo of tor thou the a ca+ roto 
+ct oub3+ tvd to 	oma,. The cement pucto to:  

lupin ' to not ani. 0 but it to i&10 by c tem t 
pL h ra' ioo, oftca irteoeote61 oo that the cr 

to t ° Fpnebto. The ottotin eaptUotoo coca 

formed 42ng o IAMUw, &oh cctuaoo the ,cto to vice 
end co foi ebnzmoio 
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'me material is ocspleteiy rigid, and like otbep 
mate tsie c*screte distorts Wider the Sitftuecø of eipiied  
to"*$*. If, vbe the applied toPce Is removed, the tsteriel 
Completely recovers its originel e)tape, 	it in said to 
be featly elastic. Co icrete is t,nly partially el st c, 
since it suffers firm creep during l oading, For enorete, 
the relationship between etrgtb and std to not eon* 

emit, but the strain increases ,4.th ,4.t the l+ gth of Use 
the ormorete to mder IoM. This now-11ne' *toinitic  
or cep occurs more quickly at first but at a &creaeiitg 
rate during the leading mod. 

If concrete is loaded quickly, strain  to ee piece, 
,eb as long as the load does not cause fracture or 

.cracking, pr.oticsliy di e.appesre when the load is removed 
so that the concrete rets very nearly to Its original 

t* 	f*  however, the load is saintathed for some tine 
t4 thea removed the concrete does aft retu to its 

original also It retirnts, almost to tItS od*al eie  

over 0 varied of tine,  but evet after this period it will 
still be def oxned . This perinerett defonut&an is called 
petsit creep. The defonnat on which disappears grad- 
"air 4th time in know an recovery creep, 	or delayed 
01441otty►, whilst the Qefo eti t ijhiOh 1$ recovered  

inmediately the load . is removed  to the elastic defoation.  
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The etretgth of eicpete baa a odaersbie in' 
fluàce creep' th-in a i4de rmge creep ta inveree y 
pT'apbrticflel to the etr , h or ecvioPetM t the time of 
application of the load # Tide is A indicate, for inatfitce. 

the data of able 1 

Strength or 	~ llub"t o eys 
lb/inCcmcrete 	

lb/t, 
	atrength 10 

2,000 11.40  
doh 0 
6 055  
8,000 0.40 3 

2.3 . PP ! O '%JATEI M VAP'I 	; 1 	Cd C ' '5 
water ir► one of the main c met tuts of øonoetø.  

It has moue ft ott s It "Gate with the crit pmer, 
so causing It to setand hard, axd it is a locating 
ltqutd vhioh enables the concrete to be plae an a easiwo 
fluid +w td so facilitates Its a paetio . Water has great 
tnflue* upas; the to .fig operftsi of ame tot 



(1) Vorkubility..  

(ii) Strength. i Concrete 
(111) tr1nkege of Concrete 
(T) Creep 
(v) PneabflLt7 

Per y one v lue of the vater/e 	raft► the 
Is one poporUon of send to oars* 	to that fid! ee 
the eütet vorkabtlity,but this can often be determined 
only by ear ton , A quantity of vier about '5percett  
of The veLtt of cement reacts with the 	ent, but note 

Water than the La required to fectittate the ease of 
r orkjxtg and ccnpatthg, The ratio of meter to c ent 
usually varies between 0,' ' and 1,0 4ndjtg 12fl the 
richness i.e. agegcte/ceront ratio, the zequired etrenget  
of concrete and the workability,  

Stith  Of Ccnorete  
Among the varicue facture 3 Lcb inflwtcee the 

strength of concrete, the effect of Water is of great 
importance, The strength to largely determinedby the 
ratI o of Ater to cement; the hitter the voter/cement ratio, 
the lower the strength. An the tint of water increases 
Above that necessary for om,p1ete hydration of the Cement 
(Wstsr/Cewent t o of about 0,22 to 0.250 )jt aerely products 
a sore porous structure and results in a !ewer In 
strength* Concrete with a vat /t eit ratio of O.2 comet 
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be made, beoee It coot be fully epaoted. The rs- 
1atitt between strength and water/cement ratio for or-- 
nary P tlend cement Is or 	!I ,2..1 

There in not just a single rel -m but a nixber 
of re1atte e. P0? ex e, as the MIX beeoee wet and 
VeZI, workable, the strength f .le off frcm that Vic" 
would be predioted front Pi g.2,1 Similarly, 	the Mix 
bee es too dry It becomes  beoes impossible to eopaet fully,, 
end again the strength in lees then world be expected 
In fresh etmerete, the ag'egntee +cctath *tei If the 
ag'e tes are dry when placed in a mixer, they absorb 
water and leave lose tveiable for mfg with the c + t, 
if the autos are saturated € nd cmc water In the 
Interwtcee., this will msk the six vtteP. letwei 
those two co ditions there exist. 	in which the aggre- 
gates neither detract from nor add to the mater added for 
mixing with the cent. This to when the aggregates  
sstl 'a` ed Inside but dry ct the surface. As for an strength  
I. ccicened, the efteottve water/cement ratio is the 
ratio of the otit of water*  added to a mix whet the 
*ggatee are saturated surface dry,  to the wit of.  

The strength is affected not only by the ter/cement 
ratio, but also by the total quantity or water used per 
izdt vo1ms, no that It the water/c et ratio* Is maintained 
ecrosttt but the mix proportions varied so that leer votes 
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Is requ ired per oübie meter of mix# thea that aIX will 
be a . r. 

The ehrinkae of o ot., or raiber Its v e, 
obtge due to the effect of oieture, Is caused by the 

becks . cabthatitr of the cement with mter ►d the 
chiige. in mals u em tent of the ooiierete now, TbS' 
hydrstitrn of the cement produces  a, ei ieb bind& the 
particles of +aggre e*  together„ As hydrstioce si 
part of the Water. is absorbed  by the Sol. nd this causes 
scac cLtrttenof the, total viltre of o 	plus enter,, 

the -concrete can dray outs, **teP flve f the 
threui the alnuti poresand capillary channels, and 
there Is a reduotien th the °pol o of the anent e1 and 
a tote. decrease (or 	kage) in the absolute vol tae of 
the solids, Most of this in reversible, oo that on e*' 
sept thorou sethowti t the concrete roessuch of 
the &,Inkage. Concrete our d under water doep not 	' 
ask' on the contrary, it Viands el tti ' 	$ 2 % 

rinkage varies directly with the ,,ater/cement  
ratio, the higher the vet/cement ratIo the Wester being 
the shrthkege • For c crio tee with eq vat er/cement 
ratio., that containing  acre vater VW cubic aeter trink. 
a+ 	(Pi g.2,` ). 

In 	 e .al, concretes *4th low vat ”, 	t ratios 
r usually rich aIxes (i ,e • with low a e sts/o+ ►ent 

•*ethos) but the mount of *►ater they contain per cubic 
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peter of o*rncrete to hit. beCaue the cast e t t to 
; o In eh eases the lar 	ve rss .t g rrtin 

a by water/cemrnt ratio is over balatced by the grest. r 
$nkage due to the r + m x and the high tot*l water 

octent, 190 that rich mine with low  .water/ceaet ra .os 
say ebPbtk more than a 1een nix with a hi ei* ter/oenent  

creepincreases with thereasing va er/ea:et ratIo. 
Creep is loss for ilii . " 'e ' r/cast ratios end it 
inmeases with increasing ruses of the nix# but the 
effect Is aeied largely by the overri ding effect or the 
' ter/c let Patio which "e alts In ereep being greatest  
with lean + 	k at *e when the water/cett water/c 	 ratio to 

,gi in order to noble" $ workable concrete 	 g.2.4 Y ' 

They effect of grater/wen ei t ratio is to red s the. 
perasability. The permeability  increases as the lveIde.  

do inorea e, but if the vste r/c 	ratio In too low 
for Compt o o avtiim the effect of the for weter/eeneit  
ratio in dilrg permeability ility will he nor* than West by 

eemplete ecapactiai„ The water o4mtent per etthlo meter 
of a cncrete al ee affecti the petmeebilIty, vhiCb increases 
with an hicreass In vater: The water omrnteit to affected 





is 

'by both the riehnee + the v8ter/ +n 	, end for  
*Jn ;* pe seabix ty it to essential. to odjuwt the 
rio * eee ,end , t /een 	ratio so that the ester 	 tent  

t o ta. a iflime 	e 	t with sdee to ► *b 1Fty 
g. 05 above the *"feet ter/ee~► t ratio cn pe: bi ►`. 
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XXX MODS or MOXS?U1E MEA 

The inethode of mea t of *ois ir'e omit crrn  
be broadly Clyfled into two pups  i.e. direct (iosi)  
methods and lndfrect (Meal) aethode, X the direct 
xaethod Moi re !s. nv ally extracted fran the neterial 
by oven 6ZJth 	.ca on, dietiUatiOii and other h+1C : 
toques, and its qUetit7 fortd by veLingor by 
obeervixg the press or tenperatne eb gee or the 
chmioal rescue,.` 	: q es based , these principles 
are ally ply in the laboratory fid are fwd to 
be acute a in most of the easesMth proper preoo 
tine 	p. ) absolute values off;. be ►'ta ed Inc, 
the Indirect rethod, the roistire extracted  
frct themateria. # Iniad petere of the t solid 
d.p dent an the q t1tr or rater present ar• me sh`s

.  

Thea take several fo s, depending upá the 	 s y of 
veter used,*  and a vaiiety of Inetruette hüe been devised .  
The readings obtained are poly arbltraly and they have 
to be oalihrsted against 	a values found by  erie or 
more of the direct methods. These two rethods have t sIr . 
o edventagea and di eadyi tam, It is possIble to get 
very accurate and even absointe valtee by seLpIcying ere or. 
mom of the direct Methods. The a tine taket in these methods, 
however is uua1ly ecrkatdepable and operations are mostly 
* tel..  Indirect methods, thou* tep*tdent in lacy 
ca the rests or direct measurements against ieb they 
are calibrated, offer the quickest s of moister deter 
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a, 

 

nstion.6n11 the fti dt eot methods otter the pssibility 
or Gait nous meaeient t nd autistic o ttro1 of motette  

	

t t in industrial iareoe ee • once & 	l+ 
instrunent bee been eel ibrated at a certain oetttr, very 
little attentit aid tie are reqidred to nem or 
cttro. the oiet 	rtent of the material* The ineresee  

in ins runettaticrn has been the of the etPtkixg edvencee 
ned. in chdeal teehnology over the ret deeae or so„ ad 
and today the detetinstLon of rnoietwe is Mar* often  
achieved by thetrunental metbode rather t by direct 
chei4ieal a &i 

The development ofetrt*rnt teebnolo for the 
a t 'em t of te molatwe oimtent or the aeteriale has 
si8ergtie a.rad cal change In refit years and there has 

been a revolution of methods end rete these days in 
est ting acistine c intent of enplee by the sp,lteat&crn  
of Modem iyeteel t 	iquiie such as el 	mice, i i 
red speotrosoopy, inioleer aWetic r ee n eee epeetroe 
copy (I R ), neutrcm.ecattering etc, These 	 q s have 
been deveioied based rn B n* uigr physical 	artiee of 
water or that or hydrogen ( °r t ) vhieh fonts i to main  

,OI RLP-OT ZCA , OR ETacTRWIC METITO3S OF M0 S 	HP S ~97 
Water bov tvo importart electrics. properties, 

1,.. Oa .duotivity and djelectrjo, 2d SOLUIU .e invstt 
sti ons and teobnolog.ca . developments of electrical or 



Y.1.' 

m 

•leetrcttio inetrriente these 'twof atenta1  
)ave been uttlieea, and, therfore 	a a 	 Pt descr1- 
ptien of these 'vert  a is 'eeente4 here bete" giving  

is l of eleotrical or electronic devices en4 euients. 

' 	► is a dipoler as veil as a typical associated 

li d* A vater 	s 	 cwt 	considered 	eopo a 
of a negative. ft, (0) +4th two poeLtiv Ito* C). When 
en slectM Voltage bel w break down strength) is applied 
it abs oetduetion di* to the pretence or (1') eM 
ions. Even th a poet vater cdtzcts to a t*tn extant,  
Kohl 	b and fi.y4etUer obtained very pure. steP 
iitioe* conductivity  vvaS only 4.3 l ► 	r 	,. teing 
*$u aoi?eott , this lu was !' *d to '  4 z le"" 
( 1 	l  at C p This øl *a* exceeds by 	 the thori-* 
°tioai coed vita data s pin frar equivalent t +c 
taricas of (U) aMM (off) ions and ion prof of water.* In 
contact with aft', voter dissolves cab 	o fir aM the 
conductivity rises at 25CC to abs 8 * 1O 0h" 	, 
it is a well boa fact that dissolutionwater of 
substances identified as electrolytes causes s an thoe*se  

electrical a uct vity, and therefore the nater usually 
net with in laboratories and tndustrial te.tn has a bier 



edit' t At y. Ordinaryy distilledwater zsa foratd to have  
a oaldtiotivLt7 of 24633 O 	t-1 -1 * . '~e4 by a 
Thi: $ps ec, du1 ti ity midge 

However, for the deve1e*ent of electrical method 
of ietre measivement, Psitni,. (reciprocal of 
c dean ) Is more important as n most of the eleotricol  

wt,ete developed, the rel tiae 4 ► 'ems two .Led 
points end moist 	eaitet has been ed.. The el 	[oe` 
resistance of a astmi.al aster . Is usually 	reeesd es Its 
pejfjo c reejsce which is defined as the resietirnee 

'even the opposite faces of a one c cube of the material. 
Four many of the materials to be anc otvt te d in cmeetiun. 
with meseurement of moisture by , electrical methods, lines 
density of the Via imei can be more easily d f ned end 

measured. In acme cases it is more ecnvenL t+ 
the mass specific resietee which Is defined as the 
resistance of a 	limen of mama of * gram suit 

an* +n length. The ate of Mass specIfic esi rice ere 

The specific resistance of 	*low Its boiling 
point increesea vi th increase 	and hence macaw 
sent of moisture oaitent using this specific resIstance 
proerty of water should be modest a fid gip. if 
possible) or necessary tanpersture cam + +, thou' .d be 
apppltsd. 



! oisture Meter 
It has been observed by a libber of thYewtigtor. 

that there is a definite relationship ' t +sn the net 
c tent of hygroscopic meteriolsmaterials and their dos• a AUrc 

ty or d„o*  reistoe, RV4LPa end 	srj badje4 the 
resistance variation - with cging bunidity ccditirnte 
mid Toni that reetetence fell vith increasing huidity, 
the iog&'itha of the resistance being ,rno tce1 y a linear 
: et$. of the h ttdity, They also sttd the ,.'fit of 
the dn'ettt of appiiootien of the voltage zmd farad that, 
at itedi and high humidities*  resistance rise to grss1 
and It e d t ue to*  totse for ft ninnte after the current 
was s : tch 	eraae it the re]etive hunidity vas 
" i 	, the resistance was not dependent oaf. his t n e 
teeter, Htwphg and ` iter obtained`Mier Peeate. They 
shoved that the log ofresistance n,red Unearly vith 
*chin content * At a,S.van ziojsti c 	t, the ori-* 
nary resistance io r gvening solid cdurtos, i.e, 

l . appears to hold sppro steiy emr at for   nany  
hygroeeopic mater- ala*  abere ]R, and A are read Ott,, 

t gth end area of edi et* r res,ectively. Sucb factor€ 
as density, direction of owreit flow relative to 	to 

0 

etruotn'e,variatftri of the ep 	d the electrodes 
and eta Liar  
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cpared to the targe cogs or ret stenoe +ptth res,eet 
to change of *otet 	, The rela►ti between .ol . m of 

ectfJc reeisetoe end aL, 	eent#nt is sppmzimstely 
etrait lines for dtffertt voode 4 texfli.ss *sterisls. 
and $all** 

Aocodig to Kanmeski, 	the 	we am t 
to love the o 	cti ou etb is given by the foUeidng  

l etienhip 

log 1 0 	 00*0(Y.i)  

There j end 1 are the intenaltiesof Cifl is 

through the esnple sorbed and deserted 	eotidy,M the 
sotetine eimtent and * ocntetent. Rovever it the ao G 

omit is gh# the conductttwtcurrent too* not foliov 
that above equatien end the foflowing eq ustt then b*tds I 

a I • e 	 ## 	(Y.2 )  

tier is another ria 	at# 

The cenductien ou ent increases linearly with 
soisture c~aritent uptO a certain critical point depeidthg 
u the materia. 

Beajd the ioi 	oitent, the o 	ttvity 
cr rest stenee of a byose*ptc sate sateriel to also affeeted 

by the 	of n fly ooctwring electrolytes in the 
s *atePiI. Ther local obengee say seriously effect the 
eendu twzo.. If the mons r' + g cwt is psss 	` 1e!r, r 



t1xe. Xt is, theere, eeeettial that the inea e e ite 
are i ade as quickly  as possible.  This Ill. of 'eat i*por-
ttce Tee to the feet that AC and DC condtVittee are 
of The ane order ly vhen DCMets 	tsre made 14th 
in a period of electrification short tout ► *void the  

r due o poiarieatimi. 

in slnjkoff and Waitber have show that the 

true S c +activity or a tte3.00trlo is equal to its so 
c 8u*t vity s The apparent dteorepcy betviei. the is due 
to an  error in the de ,iieseurerntte cam ' 	back f. 
of POISA*stf.d hiob sakes the an t resistance auoh 
larger thei the true reeistice. floweirhas been 
show by mfr and Walker that there is i44. 4 + 	%y 
bean the sor tl do o8ucti,ities of comas at i- 

+rditisa b lr +► (O o 	at bi iditiee hj*er  en this the 
two C tnduotivi ties are equal. 

r 	tl on ofcc dMiMty or a $t*fl+ 
Bei 	an the principle of do re,ator van* ati 

describedöasoribed earlier,  a large n r ber of c nduoti"vity or 

sistwee type acisture asters bve bees deleped All 

theme 	Piaiet have three baeic imitst 

(i) TheElectrode System 
(1i) The Electronic Unit  

(in) The #h&testing Meter or Recur. 



For nea.w'*iette the a ple is hold betuesri the 
ttio 	of the electrode and the curt f1wing 
the s p10 Is measured 	 t Ir electronie uttit d Indicated 
ui the mfr directly o *ot.te ctint. 

no Electronntea 
The electrode eyete dies with the type of ep e. 

to be ezt1ra ed, POP resistance mes*weaente the electrode 
bould e1 aye have tvo points (eapersted' a ftxed dieties 

having pPopeP iner t ) 'even vbicb the, ample e 
be abb.d.npge lumber of wood 'oducts, soil , clays', 
rzndr etc. the electrode eyett tepaUyr eid ots of 
about halt a dosan Thep p+ is or tapering needles 
mbedsd in stable 	I and mounted rt a 	e 
so tMt thesen dles may be drivan directly Into the 
maple to $ depth of 1/4"0  oP so. These a**&* points 
are 	 .rally fixed frw each other about 	t (FL of o) 

Fop ajna, cool, food-stuffs and eb is ale In per 
foand other arni1ar sateriali, the *lectod.system 
*usUy conetete of twoinsulated hot l cylinders  to sin 
annular space, for holding thee mete gas, PrCvtei4s is 
*ads to apply a hoai .eu'e by means of a ung  type  
of electrode system 	has been developed 1W 47 es td 
the hydPaullo type made by 1wrdd .ck. It 'has bert frnmd 
by Jets that by a asWess g the urplee rim The 
fteld of aeas ►ant by spp1yInp 0 force normal to the force 
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of t1ic o .oc' o eo mUl c certain E,t tO of o a p =166 
to 	oa tho no of 'o reoietoe of the oc p10 boccrnoo 
p?+otical1 r t .doppdc M of the iMttói otcito of pct .g a d, 
tonot appre018 i7 to a by 	 .tether . 3.n oaco in 
the fo' atpijvd to the e1on odoae A a .nttnZ tOCQ of 
about 20 Eau woo favad cdoq o top a o the rood 

ato of + am ocotcm. A a i" showing varict .c of 
nos ` 	Content "4th a pite4 rnn'faee ecctro to cio i  
In P.g,3,92 0 

Scio of thoco tno *rtc. is compo a bole t,ioatcto 
' Mr frMr otro4t for E1ocaw1ng the high roctotttcoo i ralveLD 

ioh o of the or8or of t` ouøt of 1-1oga 	o Or 
hvt6eao of ti1toio of 0hrn at 1o, m o of a ecttct Cfl 

vcLr1Qtic of 30 to x.50 ,tho rootetcncerta is I 

tomo to 0i7 Moadmoo The btag 4otoctor to u 1' a 
Yli 	11 „ 	~! 	K 	to r•~l ~ 	i.i. sl" 	+~ 	• 4 	f'! ! 	" 	t - 	'~T 	St 6 m 	•. 

ac it to s oq roG to reaeuvo Je. 	oly 	 luoo 01? 

deco oar very tot, eoductaneeo a at 1o° tot 	G- 	to 
6 aCI otivciy løt, peojotmcoo cna hf oo6uotirftjeo 

at h&h r of of .r it star, boc fourdfound that the va3o of 
?oototctoo + 10 6d on the fà11ctn g ffeto B 

(A) 'faro ro1ntnre oontont of the 0CMP108 

(3) Tpo of mo'toric  
(C) TTcitso f tho oieotpoUoo0 UoG o tho tOtcIeQ 

botm= the po tp bQtyoO2t t,Mcb tho octotaioo to to fro 
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t.o v i a t c of iodo a of a rto volvo 

tn .d biot by uong tho roototoeo offo 	b' Vm 
ccii,10 c ting coiotwe irn a per of tho n,t eo 

rocicr o It to aoUU o that f a 	;ego of 
o id blood Oo tial ourct of a t .o v ' 0i 

1tIICO 	C fo C, i1xtto# 	) r tb ohaugo in i1 biao 
ii' tho MOOD vtogo to kopt oaac i 0 £1c frc 	o 
Dinci .v of volta coat 	Ca a btCi POotocnoo 
I t foUc,c that tho tioot in g de co chonlO b o a , 
t o al. ooiotonoo a thio emi4ic to c t ofJ0 in a 

auitab.o o1oot,oio vivo tbiob bar high Pa Lo'tCO btvoca 
trt4cri1 ilct. Thom p s c i l oa buui"Gcn ucQ "b ' 
Jcnoo in + Iovo1opiig Tho 1 it .o ` Rojat 3 too , 

l&tt cnd of a %701V0  a cioiotO1f ec b 	tA . b 
baa r ovoo1 ovctgoc. ' o + ovot.orn t of this bu,t 
to 'badCt tho ptnotp10 of vc'iotton of eoNostot 	c t 
of a tatDtor in ccoordaueo with rbain tho ,roitarzo  
of tho crttto. 

(ill) caeca l „a eater o: -JNi1W1N1~1/iW♦~WA11 	+M 	 rr 

1 c r tho 'o1otiancp bot s tho no 	 o t° 



of the mpi a and the emits eft of the t etcter 
to obtaine, it is r.UiTOd to et a ttrectrelation 
' ►l am, the ernrsnt 	►ti and the ralu. øf the ie bl s- 
t oerntent. This con be owed by the prier cat 
ration of the meter scale by know . weluea of moat v 
c tents. + e* the calibrated scale is eubatituted for 

the cu 'e t oale0 the values of *ette e+ t+ . e . w i 

be obtained directlya of percentage of moisture 
etsnt f+ r' 	i .plei. Inetead of A ctuent meter, 
^pen recorder ear be used by biOb a cane record of 

the v*r atton of motets ocittt ear be m 	processing 

'era g Coneideral► 1 t C esistance: 	1lo► 	Motep 
Per getting opt1m operating conditions fran the 

candic Uvit moister meters the totib,4ng fectore should 
be taken into cone ds t e i s . 

~w1lwrrYrrl~ 

Djetribtton of aoiete t u 	the snple 
short d be very aitorm. As the crndtivity asters 
mew the path of least resistance, a it a mt spot 
in the enple ear vitiate the refit oø y. In 
ueng neidi. type eleotrodse tsMcb contact only one side 
of the sample, surface motatur. on The material tould be 
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P~afl ott_+~. r~r~...~...r uri~r~r.rrrra~rsr..uur 

Proetage of am U *rnrnt or sties in the 
pl• in the tc of an eleetrDlyts, 0 saiLt or an said 

will drat tieail r' affect the ciduetijty or the ampler 
as a whole end will introdtme error in the original a*1 
# tL 0 

,.l) Md of !4jasdreeet 

Hot e 	Quant of ,drab aarpiee mut be 5eaeual 
as rapidly 	 oxsIbl* How, due  ard onld be 
".A to the ekrndardteatim *ld balothg of the instrzeat 
before Laking obeerwrationne 

or yroeoopie mat 	e„ th 	is a possibility 
of error In meter resdinge due to de pøiet'tsati effect,  
This eon be largely x1mialeed b7 using large sleotrodea,  
Also# to +h ate øunpletly the er ere due to gel 	,ten 
•of t, electrodes or stathiese steel can be wed 

enLDrer.ts of  

1) 	There is a ci*teiderable change in the resistanee  
or c enduotivity far a czpsreqvel7Amsfl d 	In moisture 

&- i . There to for many materials 	sinoet linear  
reiatien1ip between the regain and log*r•tbe of the 
fts141*na. ore the bygroscopic range# he ce aeenate 

.t• of moisture leseuremant can be made. 
f 



(Li) 	It the aterisI 10 a natural prodx,t, resietanee 
regain lat ttohip La very *thug affected ii t 
origin of the materia: or method of produotion If it Is 

manufactured  mate al. 	 - 

(iii) The moisture ieasurement to inetattaneoui, after 
the eile to preertt.a to the et 	►o . flence continuous  
meae1.tt&oontrol of moiatire can be m +► in a erasing 
o diti . 

(IV) Pesj,tarce is a property  *Mob can be eaanred by 
*aple, robes and reliable apparatus enand Is most suited 
for certain types of i*see. 

(v) 	The met 	rneaimei.e e are affected by the d+- 
e. and efficiency of the contact of the electrodes lath 

s tp1as. It is not s3vays possible  p ietlesbl. 

to obtain rtiform standard oontaot( due to izt.yennees  of 

the cavo of the sssple) and asoma of *e Tent to 
of doubtful nates in suob eases 

tV OThe c duct] jty Is also very *x' *xh erected by 
the presence of electrolytes, sa1ts and acids, *to. and 
It is not possible to eontr 	r as the mc Leturiconteit 
may V.27 with the guy of water used 	o 	g the 
Materials This 0 serious hack of tag type:  of m r , 



3?io1cC2T c o 	iee of ¶lotp md ItE V jotj 	1 
fl7C7 

¶`ctc is at kportant d . ,olc d lack cad hoc  
a 	(Ttt dtoie momma 	nae0 t of itsstructure (fs B ),. 
The d Opole moment of voter io1ecuie to a vector diPected 
att g the ,two dtvtMng this OB bond rtgle Into tub e 
pyo •ItiPttvoc hoc ovccOacfil1 y calculated the dielectric 
e et t of dipolar nolidnand li6e so veil oc its v Ioti,  
with teviporotu cad* therefore the dieleotri+ metct of 
vats r vzd 

 
Ito variation on *4th te pe tnre ems. be to ved tboore- 

tioctUy by ftuo c equctit.  

The foiio*s g ci,pra*irately 1oti t~hi betjio 
statistic dielectric covet t (T) of voter atd c 	► at 
ofwater is obt od 

' io 4-by hoc been vorifted e,rpoPicntall7 3.d 
óxportrncntci reoulta are foundd to be in fairly good cg«6 
13071t t4th Tiod' n thoorcticl 4eaauetica r . 

Thoro is no cotiofeotoryberotieai trecitrumt 

of the froqunoy dopend co of the dielectric prorortioc 
+ of Tatar no cueb. 	porftnntUy it hoc bem ' m ob2o 'o 
that dioloctric cahoot of water Paine oOrotatt at el =to 
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1,000 Mo/a. ' eriinettsl detethatitats of dielectric 
otmetent of water at different fegi*ne ee h been 
made by S on and Lie as well as cohere, fla ttd And 

.te z 'ho to aid simple relsttaiehip beth thus two* 
The graph in Pj g 5 .'3 lt e the verist . of dielectric  
cg*tetant and 4jeleetio lee of water 4th change in 
frequency Over a wide range of the latter„ It will be 
eeet from the bums that the dielectric constant recains  
nearly the oa a over a very vide range of frequencies.  

' eo" of Mee 	eyt 
The operating prtnolple of the cepacitance type  

resistance  meter i o bad an the change ooh g in the 
+ ele:ctrio c nit between Its moist end dry otmdittcie,.  
It hoe been obeer,ed that dielectric veri t . . orhygro-
sooplc materials having *ci.sture is quite Uneer over 41 

limited but useful. range of '00 to 35% seoi:etur. cantent 
oh Corresp+ ds to a change relative )a*L lty of 

to 9 at 20O 

The dielectric cenetant of water 10 ei eress ie 
electric constant of most organic materials of vegetable 

ori n avah as textile fibpe, ser, wood,, stile, cereal.  
o orate eta„ is quite Iwo  n g frit ze to 5b in 
"bone dry" coridittan, Therefore, preeene. of a very aU 
qu tty of water in the materials causes emoddereble 
cheng' In the dielectric eoneta t or the mixture of the 
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psottoe do not behave 	* .3 ► and hone* os1tbrsttm 
ewe 

 
are neoeeiary for every , et to be slysed,  

Reviver, It bhould be 	*siee8 that : 	ti 	r law" 
'opoee6 eo rap ,vee e aceu*nte de pti of the 

&tsleetrie behaviow or a betrogerzsoua 	► d for 
.b individual come it is ill neo.aary to detein. 
he tieular psraietere Zn no ,, the dtøleetpto 
e 	 a atherenees  
as It$ o ste oe,tent thereseee The fltiit of 

di•leetrjo 0stAnt 14i ehtre in noisy ottent to the 

factor which makeo it possible to utilise  utfliee the .oepaoftios  
obges fi t he aslant of not 	c t te, as The 
disleetrie Duarte Is related to the capacity of a eap*e1tor.  
The capacity eh.mgS for a small Increase or eeresae In -

aot.turs amnt varies *ppeiab1y, depsiding upnt the m d o 
struot11e of the Hater s, 

tan err n►PaOLOe  
Thew ieterr have three eenotit nt isttts, 1 

(it) B1 no COMM 
(tit) Indicator or Recorder 

The spl. is tnb'edixed tnt the el trods at 
► as to fo s a dielectric betv.en the insulated plates 

ton in E * capacitor. The capacity dheitge thtrethedinto 
the el+otPede ryrte! due to eh gs In aot re e tent• of 
the ample 3o everted Into a carre.ptrndjng vet or 
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voltage eh+ .m by the electronic teit end to indicated by 
the indicator iob Is usually a c4 bb ted . mieroan meter 

U) Eleet**et* Byete~t~ 
The geometry and deeit of the el "fit* a stem 

ad end upon the 'nature of the eple and the type of 
nea 	ett to be adS,Plate type eleetrodee are 
Lo rd to be .ort eu, tsbl r and are mostly a 1# One off' 
the problems in the deet of a parallel plt electrode 
aye Is the ti of ` one which esilese error 
in the capacity 1 , "here are theoritical f 
to calculate the oontr butt of the "frMong effect* 
and it can be *Unirnief.d 	erl tally by intreduóing a 
guard ring aromd the and of the plat . The guard ring 
*wit be *aintained at nth pøtentiai end Its eseociatad 
electrode can be kept at a low potsntieltth respect to 
earth, vhile the oppoette electrode is at a M er 
pot tial i 'By this a ep ent the "frS.xz 	0 is confined 
to the gwwd ring and the opposite electrode k*. pe the 
•leetrostetta field etrai t between the vpp*P end lower 
measuring electrodes. Mae fluffymaterials like gotten, 
rev veal, s nda, saw Wit, etc. radre applicetieit of 

AI rMsewe for rafntaing a ccrnstant f peeking 
dansity. Hewever, It bee been f td that soot of the 
materials in capacitive t *eietm'e *titer .sq ,re very 
rural . 	rrtr•s to ve standard maim s e+st t values 
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(U) 	t1c_jroidtes 
Three tis of eirod,t are used for n ►fig the 

mall capcjtatce ohites obtained In the electrode it s: z 

(A) Bridge CI 	is 
(B) esrnto* Circuit 
(C) Best frequeioy circuit 

A) i4e Circuite 
The bridge oirei4.t can imed to m tie the small 

ea►p t°tanee v riintl[is caused by the change Moil 
a tint of the ample "introduced to the eieotroae eyetem. 
The uee of a * .frequeiOy oscillator In this Meths 
give. the advantage that the inpadarce of the test  caps-
citci' is reduDed to eneh a value that stability end e 
racy can be obtained and very all finer efta in capacity 
dui. to small changes In not i* a etent con be measured. 

B) eanancsrctijtfor Moteture 'Meas w 	&a 

Thi* ae od utiliese the VOU noin I±toiple 
of the Yariatci of voltage or + 	i in a so" cap 
p U e1 resc ant cbrouit :-wee• the resonant fequaney 
Over • li l hod portitm of the resonance of vve the vc tags 
or went varies se,dstely linearly i4th the aos 

!1 	1T;1I1 
,and toee capacity v es with change in noleture content 
of the saipi.. The range of mal 	► ccntets over iftitolt 

ctrdric euurent. are absolutely Vreeies d"Sads ape 
the Hawses of th5 ample but it is *1 * Itaftid to the 



.00piC rena, the eost *etisteote27 rete bethg 
obtMne 	steri.i1s Sn e4idtibrti*+ tt steps of 

Ae mire Humidities of " to gOØ. Asnthe asterlel , 
t s after than this, the *oieture ie so ti*t y 't 8 %at 
It, 'ass s relative snafl.ff of ssthe e1toper  

es smd vh the etertas is very amp the etectrtesi  
**ttLc, ere etrorty inftlxeTLeed by fso ors titer 

then the moisture set t 

(C) 	st eocits !t s 	C less ` s 
in the a tai* t rO 6MIXIa o , sne of tts d 

f"qi toy„ ` rf h y Crystal ocritrolled, and the ether 0 
variable 	q sy type,  are used, To thew  able sssi*. 
ll *to are os .otsd the eapacitor forned by the s srisls 
~p ;+• test and a oali n ated c&paoitor,' ` u.+ 	,4 both 
osoflistore have the sir frequenoy 1,00 4, pbo*, a sere brut 
*s 1idAoatd '! ► the n^U detector vhteb can be either 0 
besdthons or a stei A eiroi4t bas&n ibis rinetpiø 
has been used by Ms for devising a *Cts%" motor,. 
suoh a ester os mot be used for etfttiue *ese a tstt as 

W arse r sn't Is not stsntszt+ous, 

sties Cir s d 	i s r` 	tae ss 	s'! 	r r 
Zn order to mt best results free thesemoisture 

asters, the Poll ng (store should be mss Into 
ssns•L i att . 
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Moisture &'ioutd be well distributed t ougnat 
the sample being tested and The io1eture etent &on14 
preferably be defy 3$, depending awn the nttze or 

e eanpl.e.  

.)  ee 	of" Eiee r it p 
fall amounts of eleotroiytee do tiot introduce 

spp'eofable error in the soiety ► fi t, But 
It the enp1øs omtain ezoeee 	e*t r of actives In 
the farm of electrolytes then these are likely to lead to 

*Due resold•  As these additives idli introduce 
dielectric  losses Causing the indicator to ;Cad bit a ,, a 
separate , ca i't ati an fc such as a ple iay be necessary.  

+ 	¶*njeratu!'e ' t't t 

Te*vperature cc re t should bemade i t the 
temperature , at vbiob zeaerw em to are *ad to such difit 
fir► the fenewatam. fir bjoh the moil **ter Is 
óalibmted as the dialect le cart+ t t or jste is effected 
by tespeature changes. 

(IV)  okgPaotor 

The a apU g 0Dielaotric , U" should b packed 
to a ocnatent density in order to ,art °r foe Wilts.. 
It is Usually best to peek a 1a 	vejttof the a p k 
In is find vol. ta get the was packing factor, t the 

ole, the paokIrg density is not as thpo 	for asci` 
aeters as for o du tivity n tea. 
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ftlat 	is and De4ts of S 	It ► 
j+ t+ r Meters 

(1) 	The e*1jbratjit of the meter Is  

affected b7 the additionof small qu*tiftes of a numb  
of.  + eotrelytee an. experiwoed in ►motel pie eees 
The additiM of acids u to in a dubt say have no 
ap'ecLable effect a n Its dielectric eistamt hersas 
the coMuetivity in emeiderably effected, 

(it) A large change in ieieetrie eotatett occurs for 
small ehangee of motet  c mt r t in moat of The mate, 

+b vtce -Very good 	eitiY t3' c n be obt + .. 

(iii) It to not necessary  t is the material be in 
ct,tret with the eieetrodea,,, As a matter of fact,, it 
Suet t* r bee cr sae of the electrodan in moot processes. 
Asnc* this m+~rfhod is fwd most ccs 	eat for continuous 
aemeuremsit and control. of aotetue In ifldustrtel operations. 

(iv) The electrode oyetem can be modified in differert 
vays to neetthe requtrenimts of ein1.thg of a large nunber 
of samples and thue its tppli4ftbIlity has been made mast 

ray+ ,. 
(v) won soj eeted to stosl tpe'ptie and tension 

variations, the calibration of the meter La offe ed but 
It should b noted that these vwtatftits seldem oaoi* in 
operating eo ationso 



X.2 SIC ,i 'h tiX&ST !CTC I ' S 	'14 '8TUM la i 	T5  
The abso iti o at ,eo rnd in deedeit on the 

*e+tum through 	it pavexes. In Many slid materials 
' e intanotty of notad v ves toetfeoted by the quertity. 
of water pr.aeM in the artple. Mt. audio ffiqueey tone 
Is gene.ated by a taee shift gvn rator an+ fed to a 
lou4vpesker sa w4a In 	ThL o torotor La pleed 
on one side of the veb and a receiver or a tcropbone to  
pleed on the other sift to i,iok up the teun4. The out 
put of the microphone  s 	 ,iii toa euffioterit 
Value to obtain a .reading an the :sealer Of a Volt motor 
$eeted to the last stage of the npttfte, The pli 

flop output can be utiUeedto operate on eletrioiy 
controfled rneobenirna '*"aged to efteet the fn nation or 
the material of the web Wider e+ 	, so that it may 
be adjusted aitnati+ 3i7 It 'i aticrne in 	# 	content 
tic. Matin and Mo field have xne considerable 

prov+dm ents in the d*ei t or the etc enaiser. 

Utilising the same principle of * ems` f 
obnjo r laud, of audio piney h*ø been sed 

for suri t of moister cont, Ths to the higher 

freq oiee, ultrasonic Wires have ipso tal pPopertieaof 
reflection, refraction and absorption. They eon be bowed 
and tooted In a deefted mwiep, and coneequenUy a nirber 
of tec)eiea2 nd induetriol appitcatione have been made. 
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Xn tltasrnio aevleee the audio tt'q+►oy Nestor 
is replaced by an ult e o generator cprising $ radio 
frequency oscillator and plszo electric trans marIse* 
a quartz or c,reiie crystal. The xa1eroithote to replaced  
by a peace► electric quarts receiver having the 	e 
pee tett freu r►ey as the enerstor. The ultrasenie wales, 
otter passing throuØi the eb of , the aaterial, are 'picked 

'by the pie gleet riG I edu er end ' ' find by a 
t.tsble rnpl1fLer whose output in cennectad to a rteter or 

It has also been obeerved that the 	ity of 
ultrasonic r es Is ' d t t the aedl 	r u* ":cb 
1.# passes and POOMMei ef water in a sold ma. may 
influence it. B'ed en this p no pl•, ultriseida " 'e1 

city seasW4 tlflt* have also• bell used for d,tet1ng 
bond water in aveous eol xti+an* of electrolytes ►d 

. )4!CPOWAV A SO PTIOR 'M 1OD OP MOI XUT MP S't f~ 08 

It is well established that micrisave s 'beb~+ro 
in merry respects sirllarl„Y to light erases, obeying the 

• laws of way# propogstiizi. real +*Icn *bsorptten,  
efrcet! im and diffraction. But the e r ental teohaiquae 
involved in the case ►f ajerevaves are its different  
f rat those seploy,d in optical  systema, .. #tea ,tjc 
waves, Including mi oro al.e, ha V5 recently bean applIed  
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for fr jitweetiting reeence and etuete of vo1e eleeutee 
in cryoUIN and solids. A brief d*eriptiii of the pinoi.. 
1p1es nd teems +s , involwed in the iesswMr.flt of Ot 

caitet is øeeeribed hers, 

►o d 	t+ The 	+ ''te 	6  
The dry eam to do** not sbeorrn.icPowePee .w 	l+ 

the vet absorbs end . ee them te x 	gs In a t ' t+ . 

Thi* ch -ge, 	nuettat depends updn the q t ity of water 
content in the ample  Th fo'e etteiMor a be estI.. 
meted in tene of oL t*e caritent 

En the iljerOvs . reg ax, '1 # Liquids Jd AOiIZti4Th  

have absorption peeks and asSooriated; c c s, of encrialous 
dispsz'siciz caused by orientation of the 	dipoles 
in the elect r*ta + io radiatirn field. The fto encies 
of the absorption peaks a'. ,1 ,.ven by the 	, 	relation, 

 

the frequonoy of etetranagrtetie radiation 

V. a the relaxation time of aolse,er dipole  

The rel mu this " to given theoriticatly b the following 
sq mtl due, to Debars. 
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Were , a mierosoopie viscosity of the liquid 
w a wolmo of a o1eeu1e of ^ * limed 
h m floltniim ec tet mt 
" as T i Perot 	-in absolute seine, 

Mate* at roem t erate bee a V14061ety of it 0 0.01 
polme 	4 radiwi of Its rolecule is 2A. ITence the 
reltattci. time is given as 

025 z 10 10  twee. 	 0*. «7) 

This value of r.lsxatie,t time of *teP CaPe 
to a van 1egth of ens owtb,ter. Trema there to a 

wide divergence between the theoritteal and 	erirnettsl 

	

1v a of microwave frequency . of m 	dieleetrie 
abeorptior, bye's theory given en Idea of the trd.r 
of freqanoy involved for investigating relative. sbrerp' 
tien by water molecules 	ck v*re 	!std to be ,Iherie.1 
in deriving equatjen (6). or the con of v*t+ r,, It 
bee been obeepped that the absorption bond corresponds 
to a frequioy of 2,,450 Mo/u. It has been reported that 
there is a linear relationship be 	the ao& et e content 
gain the absorption of TRICro't ee *vitg a tequency of 
2,450 Me/s. As the absorption of icrcvs,ee i4U depend 
on the *oieture content only and Will net be affected by 
the pPer nos of sold material, this method o `fir a meq* 
method of noisbia dote inati. 
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eritt of the Asrst* 
~i~~11l~I ly~I~wigylMllpll~lllrl Al 11 p Ililil lllll~~ Ir~l~ 

The equipment, oareriets of the fo .o gi 

t 	A constant sowee of mierOWS istieo of 2,450 me/* 
modulated by a eq e vave of 3 KC//. 

(jj) A ,eve guj6► to inet g in a horn and see feted 

(111) A microwave detector 

(iv). A aiero !e attenuator and nplifier  

Cir) 	Indi. catin g meter 

The experimental a ent, is an ahoy in Pig.3.5. 
This is th. ueu1 	tren1tter-recetveP emblnation, 
the apeoluen forming the abocrbing rnedia, The moSt  
comae iy used sow a of microwave radiation Is t i ref'le% 
.MyetrM oscillator or rob woVksan the well town `fin ,-
ciple of velocity modulatign and "elect btm g". 
With careful oecillstor deet! , ;w&tng hti 0 ei into and 
$ higly regulated degenerative type of power mealy. it 
is possible to aobieve a frequency stability of en order 

fioteot for #hi a puce, flovever, by isin g an external 
bLat Q c. ity, Pf d has been able to enrol the'freqiey 
of microwave os iUatorr oscillating at 10,,000 M0/* within 
a few kilocycle* per eeecnd. This Qeo11 ,st given s 
modulated power output of 0,5 att end to coupled to a 
ra atIng bom by a, q ter wave len 	etstem as sboa . 
in g.3.5. 
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The receiver consists of the ar *jv g born ieh. 
Is coupled to a 70 dB variable atteuai+ tall ed by 
crystal mixer,, local osoillatoP, 1itt.r diseraLnator, 
and find a nplifier. The method of using the sppsratua  
Xe to arrenge the r", , fitter and receiver, f sing each 
other end wed at a dietnoe equal to the thio1eee of 

the ea 1D a or the wall.* To begin i4tb, the attetuator  
to adjueted to a etln reading t The indicator eøale 
and the atteivatifrn reading is noted. t the tranitt.r 
=i t I r placed o: a ei da of the ieot of the material or 
vail Vhoee zOiot content to to be memured, Thereceiver 
I& placed cii the .other side, a'id #a ad to so . the 
►utaoe of The s1e vetiøal1y and borXmtwitaUy for nee- 

x m. reading en the indicator meter* The t ntor is 
#.her* s&lurted till The initial read4tng of the meter 1s 
obtained  ate,, The difference beiveen the two poeiti 

of the catlbrated attenuator , e a mee 	of the 
moisture ca*t ;t of the ssaple only netbeee le er absorption  
of miorornve energy by the a ple th dry condition. 

The moiatie Content veins of the uribn 	C p s 
Is obtained from the calibration e e draie earlier between 
attenuation readfttgn and rtoLstin content data o' 	led by 
standard w dv+ i drying methods, Thi e tyre of moisture  
meter I w capable of mean In g cater a content in a large 
~rel.taa or the materiel, e.g. -8a-' ea of cotton and $t., vale 
O i4 blab, of ctwanrete etc 
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The iethod 'off an ieaurment of ett+ uati o ► of 
the elect e?netio wave paoethg tbPoug the vet sntertal 
appears to be most uetn1. in laboratory as well an i 
industrial practice, Moisture ootett ost also be deter - 

m fined by me mw t g; the M- [re dtft intredieed by the wet 
Metesat 

The main 	dv t ge of these meth s,# eq i .y 
o of all other indiYeot methods Of r , 	eonttt 
ea r nt, results frcrt the strong dop4 dunce of .-. 

etty or tbiokn.sa of tested zute'tai upon the result of its 
ucieture stmt a*s +~m4nt,. This arises frrn the 
feat that the messurGtnet of oiet 	*smtett be1 a ratio 

of vo i*iye*Oai qustIt i vel tt of water and dry 
,ba 	its 

 
based wly on one parameter or the vet materia. 

(e.g. upon n. Ue value of Its ttenuatio .) Meey etteepto 
have been sed to avoid this di sadvwttsge by carrying out 
two seperats me*suraaents etauitansou ►' y • g. by measuring 
the soil-store content ,tb microwave =eter d the dteity 
of mat*risl. vith s nu,lear radiation mrd or byr mea Wig. 

the moisture cont at twodifferent frequeoiarr ,g. in 
RP and slcrØwave 'aids. A mstroeeai weakness of such 
0 solution os es o a the tact that readinw tat both instru-
ments are more or leve dpd*nt Upon '+ st*' sang but 
not upon the vei,t*.t ►f dry material lei► ink ectal di em 
+ vantage consists in npplioetLCU of two different meters,, 
that very often are eapli *ted aid spt .vel 
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9.3.2 

toll by tionc'inc bow the ott ci&A c ptaco Gift 

friçi 

The t,11 1negi?ftlft ' of 	e%`t, e"!ntcn 

i• ft 	4 i 	t~1a 	t 	~. 	s e" 	i !! . 	s^ 1'. 	!Q F 	R 	 l .~ 

. oc 
00, (500) 

titre ' v &e ` hø tiottf vcto?e V70 10 thc ttit Of try 
tats t" , i La the 'u`o In f the ?'I o Lo,O The onoity 
of vot 1 #ete t 1 g tick bo V ttt 

' 

VO pCOSr ithiouJi the oxpio of v t w:ito•i ol arcs 1otoa 
to Vh0 c ne of tbo cc 10 exxL to bQ 41011' 0 
yQL0O of The E Ct 'tO1 • Thc po ti7p e ' the t 

tiat0 sl La a fmotit of jteiato oontwt *1onott zma 
p'oieo1WopOtiec ( 	gb of water bjm g). muao 

?1(v0 	,' and r, 9o1 

Th 	 ao 0iTTh1OFt OOO 2fl It t7 b cooiro'Jthat  

gad. ! R- 	t ' ► 	!X 	R{' 	\ . ~ R ~~i 	 a ,-. r, 	1 . fir 	; 	! ■ ~ R 



47 

to ° ►e vet *t of wuteP and v.i4t  of dry *abet*nee the 
3.10 

osee most often not 	aches, eq.() may 	.tt* in 
the tam 

'c • *2 •.3 

t emotes the thicbeee of the miitertal layer 's  
Ai*eries1 ooefficienta 	are specific for a ,ertjcu1sr 
astiel and 1*9 physical rite,, A to the sttrniation 

of the ' t layer in dB GU4 40 is The phase  &iift in dope***  
The numerical coatficiete are even for a volume of 1 

because the values of v 	aTe also referred 
to this volune, 

The folloving r at * maybe obtatid sadly 
by ecldng eq 	(.it), 

* .4. 

4  

BY sibitituten of equ i. (3.12) 	*gmtl (3 , ►e 
i,l. ►reeri for moX vae ocrntett any be vrit +t as 

AC urn 



rr 

It may be seen from the above expression -that the 
aeteture content deteained according to this expression 
does not deet upon either tbic1aeei of the material or 
upon den density of the material. 

stand,  of solving the cirplisatea onalytical role-
tions, en empirical method any used for calculating the 
iu*erical coefficientø, based en *ieaeurenents of the phase 
Alf and ettenuatton thtrod ed IV the material of Mff 
amt density and moisture content, for constant tbolonees 
of its is . The Due* of calculated for butiding 
send at teapersture of 200  rnd at frequency of 94 t2 are 
as follows, ►299,27, +2 	1.42, s 	l7743, *4=421.35 
SUb5ttti2tth these values in  

4.21k' 0.014  
3.01 "► 77,%A 

More A j5 the attention of - an erbftra.. and layer 
.pareteed in dB, end. $ to the phase shift introdirad by the 
layer, in degrees. 

g.3•6 gives the block diagram of the arpl e 
suing systen . Inclusion of a t eneter probe send 
the material taperatu to the calculating iait en.biea 
the correotion. of values, according to the material 
temperature. . The purpose of the calculating tit Is eon- 
tinuous calculation of am ore content O cording to 	r►- 
ti (5.14 ). The output of this 	 t ii independent upon 
density of wet aeteriul, upon its layer thickness a upon 
its temperature. In this meThod " cdu' at ed s bow er 
teeImigvm" is used 
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Limitation in application of this method, as with 
all those shift measuring methods, results from the ambi-
guity of the phase shift measurement. This mems, that in 

the case where considerable changes of phase shift are 

introduced by wet material Wider test ( when l >2 It ) , In— 
.-accuracy of the calculation of the moisture content could 

be very high and might hide the advantages of this method. 

3.4.  MEASUREMENT OP WATER By  ELt CT 40LYS S6  

The principle of operation and method of moisture 
measurement is described 'in brief. 
PRINOi PLE OF 0P'ERATIa 

n electrolytic moisture meter has been developed 
which is based on the principle of absorption, of water in 
a suitable hygroscopic material followed by electrolysis 

of the ,rater to oxygen and hydrogen, the electrolysis 

current serving as a direct measure of water content, In 
accordance with Faraday's law of electrolysis, 0«5 mole 
of water (9.01 grams) requires 95,500 coulmbs of elec-
tricity. The electrolysis curre .t is aroportion . to the 
number of moles of water absorbed per unit time. Analysis 
of water is accomplished in a special cell . ich combines 
absorption nth electrolysis. The absorbed stater is quanti-

tatively electrolysed at the platinu . electrodes by applica-
tion of a do voltage greater than the decomposition potential 
of water. 

In an electrolytic moisture meter a weighed solid sample I 



placed in a nti1l ?eta orer vhiob ia bested by a radio 
Asqenoy !'USX& 	the so. 	vapo*are nege fr* the 

raple* they are entrepped by a csr'ier s, aieh 10 
trnael17 iitron and which to kept f1thg tbr E ► the 
ipp.r pntftst of the oven at a ouistsnt rate of eiut 100 

, This carrier 	then transfers The veurs of .e 
PIS . to the "using elen ter,:. i.e. a*t in eleotiod , 

of the cell. The saes flow rate of theaa.tstiwe is 
represented linearly bi the electrolytic cell currait and 
#0 + t echmiO l t*gthP motor provides a direct 
reading in *icrogras t va er. XL des about 10 
athutee to crpiete a cycle, of ens me*ea.ent. A Mable 
tiger used to cettot the teat cycles Ott c pieta snto  

Ostia oerstten of the thatrt. Accuracyof the 

men% Is no 11.y limited Only by the reeisicz of th e 
electrical and f1ôir aster scop eto It i.e not affected 
by .+, * exeot valus of the e*1i volt* es long as the Vol. 
tags rseaftis high encu to +fee. cenpiets and q t; ► 
t*tt o sl+o oiyei r of abao ed rt 

3.5 AMICA?!t OP 	A 	SPBøTOS0OPY 	M UM 

The technique  tee)mique of infrsd sbeorp ion apeotrosoepy 
Its ene of the most versatile andliable sthod of the 
deteatien and q*ntItaftve meaefleit of va e r orntent 

,I1tl 	1[. r. 	 ' !~ n~ E 	I i CF  



of vci'jou iubotcicot, A a ar . t Dictio Of °'fro oCQCc 
or Tho 1ntocotiurt Of . f'c6radiation itb n tt it, 

.con hero, oncido 	dic" e%M G flQ1Q1jjt ', t  

tntoou10 i ty vibrate along 9 .o d,OOt a AD o, if "bio 
cats co 3oincU by ani o3ct,tio orinccifth c oo, . ar ia uô1  
meq, o *f" & h oic npantho fico oil the b2ntibig  
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The en 	so o1rbed by the molecule Is sum 
+ u+ tly lost by collteI rn*4th other molecules (whi+ 
WMIWZN the beating a+ 	of the ft 	ra is )* 

e 

the inf'ered r.djaticm to thus veak.*ød or a' 	d A 
crtsIn definite f quenctes doh. $Pe e 	te?t etio of 

e aoleoule. The 	d abso tien speetra the 
aata 	'. le thus ebbed. The itspri1tii of the absorpti r 
can c be dDeety elat*d to the snot of a Opent 	t 
in the sap1s, 

d ør.etrun of Water 
The in 	epeot *f water vole ba ben  

iiweatited by a n 	* of ,,orkers 	a good degree of 

ed reaeuti.Mme'* has made a. eonpiete enel3rds 
of the rotational. sotra of the voter *ol.eules Wt2l$ 
has made a therou* study of the nom* Safra red (bolo* le 
region) spectra water vepour. The near  
absortien epsotr of liquid ter baa bein 3 ot•d to 
an ,o 	to snalysie by O I* 	tty 	used sensitive  
lead euli&de calls an detectors, They ceeluded that 
five relatively prainet 	of absorption spetrs  
exist for liquid ter ja t+1 region C.7  A to 2.5 	Men 
present a oiete oezt t in solids and liquids water 
molecules are assay. in a pol er fo suob to (R 2O), 

or other higher ocapi x faa, water v*po , however 
•oats mly as a m a'tcmer+,. I.e., as 	The wav length  
of s 	*n sbaarptian or the ftsfrareft rp.ctradepends 
on the pal;serto toff of j,ster*  Zt also fid• upon 



the hropreh bonding between the water and < - ser -pol r 
volsevIee. 1enee, the region of fe 	ed epeotra to be 
+ ►lo 	for jnvestiting the presence etd qwrntity of 
water depends upon the , stem in which the amomt or water 
to be daiex roes Is held. 

The instrweiti for record ng and mess es infrered 
absorptionspectre 	n ally be divided into single 
boom anti d ' a 

 
be 	n w 	. Tn the a^rwk- ' * the 

+n gg of radiation is m essi rd 't+l " pang throe t the 
ob 	i g medtwt, It Is quite ucfu1 for the routine  work. 
In the double beat bt tr i t,, the Pitt 0 of the. inteisity 
of radintion trw&etitt.d. by the # mp a to the L ter dt 
of radiation without the ample Is obtained rect4,M  This 
ebservacr is ampler to intpr  and it taken Into 
accountt rny epiriouseffects, the luportant constituent 
site of a single be infrared i eetr ueter eret - 

(!) Soiiree of Radiation 
(ii) l ooh 'otc to 

(iii) Detector and rpiitication amplification 	 idem 

Those are shout in schematically in  

(j) Xnfrsegi, 
Starting fay the visible region upto 2 r a 

megaton filment projection  Imp can be .ted . Infre.. 
red radiation cm be obtained by ueing a Nenst ftlenett ia.p 



Vhloh gives aim energyf mat! r at ' *1,C. Another 
quite ccwon some to globar + eb ess tI 1' in a rod 
of eiiioon carbid.* Msx1ru engy of rediatI for a 

6bar to In the re4t  of  1.8Ai 1.8A to 4 • ••► other 
u es rre also a et es need. 	tth has described the 

12aS o M O5' O5bPød 5$: a r 	a of Infr*rI radiatI. 

The oanrn rad to heated eieetrtc.Uy 	upto 
i °C, T , s seams is suitable for iuger sve lgthimn 

(store thin 1 /A ) where Its *i seton In conparable with 
that of a gla . 

The sus image In fid footed the etrae 
slit of the *ncobrcaator. The ftiotie of the reneebrcmotor 
is to disperse the radisti, The epeetzia after dtspersim, 

is allowed to full t the exit slit wMeh to sffieity 
nor r 

 
and b r ce peraits the rattet tan of a very narrow 

wav* i gth rage to be studied at * time,# 	a eeleetI on 
of a atable prim material is of 	t tiportce. 'Th+, 
*at*r mi of the pre* chosen nsceeearily 
wsveIgth ra le sployed for a parUoular *weettgsttst., 

t Prism coversa Wid* rnge, but Mars from a 
low disperetet nor 3 	t star :a 4, uorit. 
end L It :ivaPluorid. have better eper 	prods,, 
Quarts is moujtsble In 'tis PegiCS%  near 3 beosUse of 
isaeA d water whieb given risetoan exti absorption -1a ztd 
+ j bout 2.9/u. Multipi* iam stems have been used to, 
increase di spent cn,, 
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(iii) 	eett and, jf toetL 

The radiation coming from the mate ip ator s Srft 

rad falling an the exLt alit t e thea, fueed upa a d vice  
ch indicates the o 1.t or e ' in the radiatiat. 

Theviop1ie and bel+r~et re are f q .tly used for this 
ppoae. A 	a rile is a obthatiit of a niriber of 
the ocou,l.e Thicb are linked together. The radiation 
falls on ate of the t0 Notal 3trLe%icrte pro ttefttg Ot GMf 
This act, can be aipliftedand eord 	photoeleetrie 
r01s3r amplifIcation se dasortbed 1 WrL t er electronic 

pl f cation ' cam be 'weed. A red response a the nopite for 
we '4th f a-red s cb' .ter has also been des brio 
"b7 Rø.s etd Dao*, The bolm eter tyriosily a strip of 

. bleokenad p t a foil *abOs resistance ebengee pr ort-

Lousily• to the incident radiation 1 r also euTkl7 used. 
Dolciteters h e a better reepwsa ehaPteri.tie ►rn a 
tb opile a stes Ali nd offer ,mod advantages Where on thfThh 

spsotr is to be beamed or timed, A.C. seaplifiera 
are used for amplification* Ott types of detectors  have 
also been used. A photo call oftere a bettor sensitivity  
but suff.ri from the limitation of rengi.; The do*4e baa 

f 	d speotrster bassoquired pest importance because 
of the meny advantages that It Wo"

a
. n these inetrzeate, 

the affect of the inconstancy of the **wee. and the absorption 
4 o to sip and *ois -i a ea aided Ott and mat einpliol 
moults In the operation of the eqt w2t and the Snterpros-
tatiat of the data A interptirtg and a Elul application 
of the dobie 'bran ba.truient to in differential spectros-
copy  ! ieh permits one to obtain the spectrum of ate of 



the c : tueft C euoh as oisture  moisture pelt i the p e ), 

'" a niztte of tiO epaeVte. 

OIAR MA(!ETXC : BCE MEM t3)7,iO  

There are ,tom Nell defined 	a of +dio 
qnfrertey' 	etr0 	7 These nre (,) eleetrat sra 

inagnofto s ce (ii) iorovaYe epectros c oj,y end, 
jU .) zuziear t a etia resonance 9 The 	ear itsetLe roe" 
enoe tecbntque popularlyy ' o o as IN jt * 10 1 a based at the 

obsorpti n` of radio frequ oy energy ' the rn4eAs of en 
stat plsoed in a cost magnetic field.. ie N  .R* 
teo Sque has a rnmber of applicattone in t e,deei alyete 
cmseoted with produt. tdattitioatiat in petroletr an d 
chemical jnduetPiee, so Well a the Inea 	+ t of inoletrae 
►ntent of hygreecopio solids, The application, of IN ORO 

to roisttre ieeBmat seete tai 0 ,e . lOU1t industrial  
reqtgremett for a hoc, aeoiuide, and non destructive 
method of obtajnthg soisture content and control or ray 
materials and find shed pPduote, 

Zn additiat to !# ee +'E d charge, e e of the li. i't 
static 	lei- VOeeee the eztre oharactertswtiog of 
The most oc rn t ate are thoce of 	g s .AAA* , m„ 
tr tio„ hepta,,, lit 	, berytlft, boron, eats nitrogen, 
phosoroua, Chlori es  *to N R's data of theme element 

e dtoim In Table 11. The property of spin of the *tea 
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is tb* b s of the enonett of n clear nui ette reeteta., 
If those nuucle 	iCh have a magmatic a ant and a spin 
"i  " aPe pl&oed in s homogeneousma atic field, may 8. 
they behave like tninute itaiete hang rdea oi.rttat.I te 
and aitt tbsmaeiee, 'depriding nt the parlicular 1ua`iei 
(e.g.hydPeget nuclei ),either parallel or antipearofltt 
to the direettat of applied s ette field, In *d .t t 
to thin, 	eeees about the applied *a is 
field analogous to the pveceesiori of 	rosoope *pi1mfttg 
In the earthe avitetionai field,'flteene' r d , ffer+n ee 
E bid these 	levele is *xpreeeed as 

E2Afl 	 #►0 	(y15) 
and the precesetan freqtnoy, V, called LaMar i!" e 	► i' 
to 	on 

r 

1 r J4L  a V R 	 too 	(3.16) 

Were V a the rcsstjo ratio *id is equal to 

2 
b 

and h IsPlank's constant 

If those preeeseing nuclei are nov subjeate& to  
• radio freqienoy field planed at ri ►t an,es to the 
applied magmatic field He and it the radio fr.grenoy and 
Lao's frequency V are eqtml, resananee oociws and the 
radio frequency O rgy i • absorbed by the name: 
portion to their *umber. The quantity of radio frequency 
energy absorbed giver a 5 	+ or the ab dare * of hydogmt  
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nue .dd vbi b in 	can be used as a serer at *oi.ta 
oan't t in a eaipl . The aieiio inent of the vo 
(Hydrogen) is 194 z 1fl-23  er 'g and thus for is asetio 
field of 10,000 gam, the La2o frequnoy J sq ss 42,4 
Me,/a• This fequ+ cy can be generated by stand o sew 
MMe )c es 

« , R 

 

Aistus and 	ei to Mslyaei 
The +ern team of nt*1ear a+t eti c ape  

fi 	a to .1y diatn.trsted by mea srtd Bl*. 
A n be of W.M.. speetrreteys have bpi developed  
oOW*rct y and 6 large Umber of the leb'storiee end 
industri as are using thea. The basic apparatus for  
tR, • rjmeta j.  - rather eiie and c .e#ete of 

povarf as et hating a vat Ifo *atst&o 6416 of 
ibout 10, 	x, a radio fr.aueicy oscillator, sos. 
fo* of radio u idetector, indicator or recorder 
as show in figr.3+e Por bydroget m*lei her, a 
field Wig' .of 2,000 to 13*,00 gauss speore to be poet 
ciZy usod • The ss 	may be of the 	t or 
electro  type, but in bol ► cam" Grp *0115 err wm6 
.rind the large pole pieces so that the field etrength 
H of the as et can varied ocritinucuely over a Small 
renge. The also of the poles mut be large 	to 
eabl. the field passing throat the ertple to be 
h Rogaaaur, oth w .* the intensity of the absorbed radio 
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fqneto7 ia1 will rtot be pp 	I e1 to the ruzber 

of u, .e . pre et in the Vie* A .pe 	et t 	having 
$ fIeld strength of 1,750 gauss and petee pet of 0 Inch 
diameter ,ih 2 Inch air gap vis used by O r 	Cote* 

t for measuring MCI we In se solid maw s Q 

Tho radio feuency oscillator erploed by the r ebe l 
has a fequenoy In the ran of 100 e// to 0 Mo * men 
ding Via. the naietio field used  *ed f,' the eyperimet.  

As thw* is a line" ret " imip betveen. the 
resonance frequency e the m*tetLc field B, the W V , 
spectra eon be xpPeeeed as intensity of eboorptie plotted 
Inst Wat fixed Value of the static field 
spinet g, keeping V the freqiOy i*e d iisi*21y the 
resmca of a sb stsncs to measured 	of Psceeeizt  
epied at vbith the swlei flIp over. In pra±t . it has 
been ford better to keep the frequency ostant, and 	s 
throu the magnetic field (by varying the asietie field 
with the .gip coils) till rescmence to obsePsd, In eta ;es 
inrolving liquid ter, 1NMYi. bee bn emi4osd In tvo 

el r know as b1t reeolutttand 1ev resolution t*e1rni- 
q so Zn the high reaeutitit teebntqne, oma Viet-' 
sted with different ouDs can  differentiated, 	DU 
the actual spec" ► ob , ed did a the eystern to be 
•x silmd , id _ ` are also 'crdd.rabZy Influenced by 
drogert bortding and by Sten exoberge reaottcts, V$ tb.  
low r ..o1utian t ohniq *s, it Is ter di `ic t to 
distinguish between protcai signals frtzt water and ' eee 
fee other hydrogen c*ttaInjng eubstancee in the liquid 



phaeo, However. thoro is a sharp at al from the Liqui4 voter 
eu e.1npoeed on the broad airnal from the solid as c eua in 
Pig,3*9. obtained by a lou resolution cpparutu o  either peaT  
to pert cplitudo or the line tidth of the uboorption line 
seam beused on a zte ev of the water et t t e In Ti a P 	line 
wilt (i g ' . d) i o defined as the vidth at half the poet  

piitude on the oboorpt ton oma,, which to similar to a 
reoontneo cwve of e ttrned circuit excited by a sine vivo 
Absorption line width i,a related to the bydron mobility 
in the ac plo end the hamo olty of the inaFmetic field over 
the voliric of the oa ple. In a+ diti , the shape of the line 
io influenced considerably by the ebeimteal cid phy'oiccl  
otcte oftho bydro en In the o T le • The peak topeok 	litude  
method apyoare to be more reliable since amnfl differences 
In water cont t have a greater effect c t the cnpUtude tba  
on the line width * Q the other hand,#  in limited 	$ 0 

tare nat od chars roa in line width are oboervod., this may; 
give in ore ace ato Peaulto. The theory of 'I t leoda one to 
expect a Uneer relationship between peak intcrnnity of 
nuclear aboorption rind the moisture content provided the 
is atjo cvirarm a of the hydrogen nuclei to in rpGndDt 
of the tinter ecatcat. The course of variation fr linearity 
in low 2oiotino content eon s aunt be due to the opoetfic 
or i cMetion of the initial eater aboorbed 

In ucrol, liquid© produce very narrow recon ca 
lingo of the order of a fc t11lga 0  while ootids nro u o 
line vidtba of the order of aoveral ate. 
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T1 ..` .R0 oqut to . o ores  therefore. el000ifie8 accorOint 
to their obiUty to Peaolvo a line of cortoin vi1th.Tho 
rcaoluUorz So onnreooed no the DoSnzi bhociotty in 
percent of do field stren gth ove the volur o of tho oom le. 
A high s cool i 	rotue has a no otic thhoot7tEtt'" off' 

+tee p 	106  to I 	end in a lot' 000luttC tee fli q 
the tau of boo cn tnhoao'o7 eity of mo part In " 05  to 

1` hi i 000lut1ton, the ocipie ►ot o i o about 1/10th 
of a cc or boo, hr res for low r000iuti cporatr 
it to co ouch co 50 cc, '.'biro liquido vith ncrro iineo 
roquir bti reoolutton irhtle solids ¶4th victor linos 
on be otutjoiS 4th eolutitn t o 	o f 

A otopUfied dingy of the V . .7. nó1yoP 10 
øbotin in Pj,3.11, The ' orr!l hent t cip nt aaceobly is 
the core of the oquient. A viiOd quantity of the 

pl+ hart in some nwi to wttc container uoully tmdo 
of Claw or ae ic, to placed betvo+ the htt3 ho 

sous field of the ponncmnt oo ent and 	ro 8od by  
en r,f.  * coil In ouch a vcty that the field 'ham rrouceL 
to normal . to the main field of the magneto.o ThiO padio 
qw ncy coil forgo port of a ohorply timed 	 lbel o 	.t 
clrcujt, hc na etjc field of the peanont iomet to 
Varied by o3uoting a small current thi'ob the ouoep cello 
, oUnd an the roles to such 	a.test That there to a 
mcm-Inu oboorptjan of the radio 	s oy +mer, 

Ir 
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by the xuzlei in the s pte while chtging frtw The par el 
to atiupsrallel position. ' This absorbed radio frequioy 
ener is detected,# amplified and recorded by the r et. 
detector owplifi er and recorder, the fait being Willy 
en oea ograi.. The electronic eiro t•  used by ALen  
and his collaborators Is that of the P,f. bridge type. 
To facilitate the ob'vatiwz of resoirnoes or ep2.eT cbs" 
rector and for searching for -Unknow t es, a .epectreter 
that operates 	► varjing freQuency, iit1e * acrotic 
field to hold constant, in or considerable use, Buch a 
radio frquanoy .peotreter  with a bridge circuit has 
been d .Opod by fid: and gnLt,  

The disparity between the Ila* widths of ►+ 	en 
in a sorbed state and h r+ o en in comb ti with the 
sold in Bch it is absorbedor adsorbed makes it possible 
to obtain an aceiate ivaaurtent of the acute Ment 
Of 	oseopte rst.vt e. The N OR OR* analyser, however, 

cord* the derivative of the ab*ant ra► owe and the 
peak to pock atptituds of thi. e ds.'4toMve curve is a 
ressure of the mar etWe content. 

This derivetive curve is obtained by modulating 
the absorption curve by the auper*impoeing on the ewpt 
do field of the pole petoes of the hcrnoeous asiet a 
*all eqiari wove or constant plituds and low f` eqn nney ,' 
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The peek to peek amplitude has to be plotted agaft* t direet 
io1mtw* values to 4ve a oa1ibrsti* owve.. Thee. 
csUbrstic*i eurves for most of the materials oe u*a*Uy 
linear above 9% rnoistw'e Ottent, but below this level 
greater curvature bee CE1e perceptIble, as show in iig.02. 
This effect Is attributed to "ter interaction of th* 
absorbed water with the solid material iten small quanti-
ties of water are present. Such low moist=* content 
sweat oi be made by measuring the Un. ,4dth of 
the water .i*nal a. an alternative measurement a* 
suggested by 	Elskei end Evnemane  By using a a )tit 
resolution II .M .R • apparatus, it has been possible to 
differentiate between the free and bcnind water as Mhow 
by Shoo1ey and Alder. The time required red,  one rntslyde 
Is % to 60 seconds. most of the apparatus at met 
In use seems to be euitble for hygresoopic aatel in 
general, ovelo a 	wide moisture rena (5% to 10$), and 
have an accuracy of th* order of 0.2%. Sm• Vork4re have 
elhom the possibility of eontroU.big the moisture content 
of wet materials by using .t4.R. iquirant 

since hydrogen (proton) has the bitest sensitivity 
of any nuclear species to deteetten by W.T.fl., this 
tee)*LtqUe appears to offer a rapid, non- destructive-

method of estimating soistureecrtt.nt over a very wide 
with Meat accuracy. Dissolved organic oeapotnds, 

bo*td voteiro  eto, affect the signal absorption. 

1 t 	 - 
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The particle size d packing In the case of 
solids are ate►. led to have no effect ot the signal abser-
pti m, but it Is essential to have a censtsnt mad oft 

E t of 'the . 1.
w 
 to matin f+ to ' affecting its 

*itvePsal a lloett in 	 e ttfie laboratories and 
,S1ndu.iries Is the rather ht* cost of the euipnett invol..  
ved. 

'5*7 wZllfltar SCATS' d H O 	D 	' X 8 
LJL 

' ht fast *+utr s are seittd fre a sowce 
and pro3eoted into a aaterr1et,, they are soattered by the 
atc s of the materiel,, losing eiergy and doming ►oM` 

neutrons. It has been experiinitallyestablished that  
moms the crrnci elem is hydrogen to most effective in 
sing doirn n.utr e, I .e. the eeatterin g cress section  
of ydrogen for fast n trine is bigger the any other 
eouna t el en ( aust of the loveet atcjc weight, 

ria s the ; 	IO Material* )% ffeioe, if fast neutrtms 
s pro3oetsd. Into a hoist aeterisi, a slowing do 

of n•utrt*is will take place depeidin g upon the qusrtiy 
of hydrogen present, vhich in ti to proportional 
to tJ moist ovntent. 11ev, if a "table touts* to 
plan" near the eiutpie sbiub has been irradiated by  fast 
neutron., the r*diatjtm poduc d by * slow neutrons 
&tould .give a aeaane or the n of e. 	coat t or the eaia1e,  
If the solid ast ris. contains hydrogen in eom. other far ► 
in additta to its presence as a constituent of water 
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4one, the neutron eo .t viii be proportional to the total 
hydrogen content and not merely to the aaa ei sty cwLte1t. 
It asbeen estimated that 0,*I% of hytirogen hasepcxj 
Mately the * effect on the neutron cwt as 10 of ter 
It La, therefore, derei.rable to knov the eh teal easj resitinn 
of the materia. &o.e aoistui'e ioonte nt is to be aessured 
in order to interpret cooreatiy the data obtained r 
neon watt ering 

it ie well IOm that a aLxtne of m6Lva and 
b Ili ei itt s 	r e and that neutrons from  tr sh 
a sir can be used tø activate a r2etet such  euch sa S. fm. 

i5 	-- 	l6 	Lth is adiosotive and wits 
• particles 	th a half life of 5 minutee. 	It is 1rno, 
that thd$ exhibIts large 0   , seer' ef`feet" and,$ th.reft e, 
in this case moon scattering rotiid be expected to prow* 
dt s -activity depedenton water erntsTtt The ab.orptIen. 
oro sec ion or x 6  for olov- neutrons of  the  order 
of 0.025 ev In 200 bas, and for fast neutrons of the 
Doter of i-oir ► La 04 bar.Thi* effect of an cogen- 
ecus asdii on neutron distribution is made- uso of in 
**AIU ont of notatwe. counts In sells  and the lEt. 

bevel a *t t of the. A*ti  

8pLLka„ Lane and Tørehthalry were the fid t 
suggsat the s plioati n of neutron Scattering for ammo-

rapt of soietuse content in solids, peci .7 anus 



end cam.. These iaetrwento have been widely applied 
in the field of Civil Phgtheerthg where rapid mia us ents 
of oistra content have, to be mad* + ,g. In such materials 
as soils, clays,, o onoreteaggregates etc. The apparatus 
urged by 8pjn1e in elim1nary exile ►i ente and aubseotwitiy 

J:3.14 
developed into a nutri meter as eho n in Figr.3«'I3 .A . 
2 50 mulL curie Ra,--Be neutron source was eepars frer 
a square of ind .vim foil by paraffin vex ca,ad with a 
piece of ca iz The +oa&ni foil served to prro t 
the direct access of slow neutrons to the inditmt ThL1,'  
whole a 	enet was placed is a' glass test tibe (i1iob  

s ehged to al 	later on i ,opted : ' vatiea1ly 
in a breaker of I bo clay, The in8ii foil vacactivated 
for 70 mirnztee and thea no ting s onieioe4 us r 
a thin vid ta► Get er C o% i ter cameo ted 1O a scsi#' and 
register. The results ehown.g the v c± atiat of thducd 
radioactivity with roistre content the pl+c ted in 
figs. 3.15 and 3916 4  These results ftidiost4 that the 
induced Padioactiviiy above a et 	de1 	re* an the 
Moisture content of the coil. It va.\ \foimd later cn 
that the irradiation time can be reduue4 to five minutes 
only by using 4  inch equere of indite, foil, thio 	-. 
#met having the add*d advaita that mue h o ca .ier (50 mc) 
RB. source can be used The rpl*rat a his been uNd 
for moisture aes.m' *tt of wand and b ii r*teri*is. 

Carer and Kirkham have, doled , a more otaap*et 
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'nit containing 0 mixtureof pelt .i 3 Md berylliui co 
cav a of fact nentrono. Tho ai v?o boo a half ii fo of 
140 &yo c:d a otrength of about 	nontrcceon. It 
tC.o plaeeit in a octal eylinLer 17 ta in length tbich rtaa 
thoortod into a bole oaoin the natertal when ocdinc the 

aiy ai s,. A loi neutr s counter containing borttrtfli,iGe 

voD loeotc6 cm top of en concentric with the fact norrcn  
DO1 O'b 1'u1+ c frc the ometer wore cspl1fiOd cr4 ccor6oI.  
1oantscAtc iorO made after ioerjn g the netraa +coo cz6 
counter into a hole drilled in the coil. `zptoento tiro 

mado dth five different soils with dcnoitiec voryint frr t 

62.4 lb/& to 94.4 lb/&. The eoulto of the meaoncsto 
shoed that definite relattrmahip c7i is betwom the oa 
tren count cnd moleturo content en ahotn in P .g," 17, I"hc . 

od 021 ainorGl cutin, the snotho cored to be *meftoctod 
by the tc rperutino ccpooItton or cone itratIm of the coil. 
The oeocnee of organic  matter offocto the valuec, Goo  in 
effect hydrom to determined by tide nothod, 

App'licationo of the neutron ocioture motor bavo 
bocn oz cido o field problems by p rli and ,inta in 
tyhich UOao OV tO are required to be inado by placing ►o 
oquipent on the ourfoce of 00110 cd concrete argregatoo. 

4 	 Unlike the e n .ter neutron meters vhieh had their prober 
aerco& tncj& the ot nate,jcl4 the probe In thin coot 

lay O. the ourfaco of the hate .al,, This tends to 
reduce the vol io that in effective 'ec tive 	alo ,t w do 
noutrona can hCZ00 rjkeo the or m 	t Jeno ccnoj.t .vo# 
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The *yin cheMioa1 COASWU to Of +ears grid CD  et* Sr* 
is neries of c ri ,o as an4eing the eie a to ems& ,. 
a u=3n , silicon, rag *st a, Iran, 	eo a*,0. 

jDat"Idw, . e` mid hydrogen etc. The effect of v*te' 
In concrete c the relative thermal ne rn"eo t Is 
dioat !n table III*  The neutrus meter wae finally 
ea1jba d for ectcrete by  uan  g  specially *ads up sp1es.  

TAPS 1 'I 
EPEC? " WATER TI CC[q =M Th LA? ' 	MAL WEUT1 ! C 'T 

Weight of I 	Water 	Relative 'hemi.. 
hubs. 

Cylinder No.. ( " a.,,8.3" depth) 
11a. 	17.7 	2060 
U0.% 	10.5 	154 
103.81 	5.1 	 3 , 

Cylinder Xo,2 (18" die,,, 43.73" depth) 
112550 16.6 2.62 
121,.26 15.5 2.23 
109.94 14.6 2.07 
107. 115.0 2,03 
1(,94 '  12.2 1.88  
100.06 6.9 1,00 
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Most materials vary in amity an veil as in act et we 
c cnt+cit q  so that riot eture oenet be aese'ed an 	ide- 
pet6t variable unless the dieity of aatarial it 1oi, 
Pa epimso for a given Moisture cadent increase ..th 
increase in the density of the soil (Pagel). , This to due 
to Isotropic scattering of fast neutrons, 	+ ietod of 
dataaaining the denaity is to tpley a aiiiie eolflNce and 
direct the gemma ray beenn Into the inter al eirnult•oull 
with the neutron bean, The nunber of ga. a rays reflected 
by - the material or trenssitted through the materiel is in 
inverse fatotion of its density. 

In the system ebo in PL g319, the aaaffunn g head 
contains a neutron some,  detector ase b1 in me 
section and a go- ata detector in another coopartauit.  
The neutron reflection rn a e e t n'ovUme  a ettal ah eb 

ta. dirsotly proportional to a volunetrie soletwe percentage. 
The gs reflection meaeureaent provi des a 	al 
vhiah 10 directly proportional to density. These #nor 

dent ai a1a are sent to an ei.ectr nie vast vhere they 
a r scaled to kile Mesta per motor and presented etaultaneoyv . 
to a 	pl* Patin caemputer.  * The ratio erapilter output 
signal is presented continuously  in teras of percent 
notear by weightt 	and the .1eotreiic aria sineprovides 
a proportional voltage ei ial for driving a :rr order or 
a ■ of et 't control system . 
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This neutrct method of aOj rt 5 eesure t offers 
the advantage of not contsoting the aateriat "ems m 
e' d, There re no Pob.e to o1en and *intath, there 
is no danger of c t rmating the product, The material  
does not have to be aempied for analysis, The t 	om» 

mkt is erttthueuesadthereto*o f detdty  
eorectLmt for various i,rodueta. But the fact t 	It 
ces s byogen cont rsthr than aoi u*'e content 
is preettlng a e difficulties In the v , 	, 1 ,- 
cation of this thetruttent for, vmless the eaaple lies a 
fairly CM~t hydroma oatte►t, the neutron o f trill 
not give a true Indication of the *oisture ccntett, Mo 
th r► i..aitsticn or the neutr-cw meter Use in the fast 
that the neuro ate dove not differentiate  b we 
free vat and water O IO Uy be d In the or* of 

drstt on corpoimde. 

M 
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U ,N INS?Rt4R(T FOR MEASURING M TUIIIN CE LT 
rM CAPACITIVE TPcSDUCEfl 

4.1 O ATWGP OI 
The operating pflncLp3e of the a 	it ce Moisture 

meter Is based on the change oceiVin g in the &teleetric 
constant bstveen its moist and dry ca diti s The di- 
electric constant of water Is very high so cop ed to 
that of concrete, Therefore, reseoe of * very a . 
quant, of water in the concrete causes considerable 
change in the dielectric constant of the aiztdre of the 
two and It is t ai a property of dielectric variation iiibb 
has been uttilsed in this moisture aeastrlt.g indent. 
This change 	 dielictrio conetont to eaneed by 
c tive transducer in terms of capacitance aMd.i s ae"d 
by ung a ase o—bri+ • The unbalanced epi ial caused 
by the change in capacitance of the transducer due to 
no xt a is rectified and 	+ n to a do mjer.  titer. 
The micrometer reading shown 0 direct relationship i4tb 
this change in capacitance, and Bance with the moist 
content in concrete upto a considerable range of moisture  
perceit age. 

4.2 	8 Z1'TI11! OP TW ThSTPT 
Th• moisture motor developed by the author have 

three constituant wilt., i.e. 



(1) c*paoitiie T nedueer. 
(ILL) 1ectrai.ic Circuit, 

Ci ,i) ThdIc.tor. 

The .pl. is introdueed into the capacitIve 
tri edr*er or the trteducer i s inserted into a prefab 
cimorete stab so that there to eoierete an dielectric 

bei the two nauteted plates foidng a. capacitor, The 
capacity Changeintroduced by the change in moist 
wmtent of ccnoret. Is carved Into a carreepoiidthg  
est ego by the ele mio wit and is In4Iicats4 gip` 

the sjcrosm-Meter. 

4.2 • 1 ,..,• '„a t' e'a ' ~9jdu r~di 4 13 

A Capacitive transducer ! crrnvertg the 
aoIatm e intent Into the a*p it om (electrical tricalproperty) 
harms used *(-+~ - 1) 

The design of the Isar may be varied 	t the 
spplicstimv However, for this particular syat the 
~eete Tial built up on the sensor cruet be avoided so that 
it will not 3.opardise the acc eoy of aess1nm ,• A 
parallel plate oapeaitive transducer Is ccn ►" ted by 
using to  cove r clad platen (7.5 a 2.0 a)eepersted by a 
0.5 an seperati am of bske3 its peratiow, Bakelite 
plate@ have, also been ugwd to provide insulation in the 
Inner side of the trsweducer. The distance between the 
two plates is kept , all ompared i4th the dimandons of 
the plates,$ so that the fringing effect at the edges of 



5H'= .-DED 

SPACER 

COPPER PLATES 

- BAKELITE PLA"rF-S 

FIG. 4.1 CAPACITIVE TRASDUCER 
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FIG. 4.2 BLOCK DIAGRAA\ OF THE 
INSTRUMENT DEVELOPED FOR 
THE MEASUPEMENT OF 
! \OI5TURE IN CONCRETE 
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the pli tes bao bàn neglected. 

The cr pacittCe of a paPsUel plate a Ott is 

err 	 +w . +r 	$ 

a Capacitance in fareds 
I a Dielectric ccetsnt 
A a A *ea of OflS plate 	Idete r2  
d a Dietance between plate& In Meters 

Equation 4.1) can also be written as 

0 = cspactt ee in Vx+r ofaui a de 	, 
cm Dj.leetrjo constant of the e4ftmt betvei, the 

plate* 
A a Ma of one plate In cm2 
a a Distance between plats@ Snto * 

alder to avoid stray capacitanc.  eff eft due  
to * connecting lads insulated  w1ro has been uses to 
COMOOt the transducer to an m of the bridge., 

4.2.2 Electronic Circuit 
(A) !okDjgra S  The electronic imit +o .e O 

of a regulated Dom' supply, a vein bridge osa lla o* 
a psudb bridge, a differential plitjer, in narr*r 
'laid pass filter and a rectifIer emit. The block diagran  
Is &w a in ft g.4.2. 
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( Iesl.~►t~td D.~? P+a~,eruta~ar 
A doo. power supply of + 15 V is reQtired for the 

osotUator to generat. a ainewev signal of caiitit 
end pred.tezithed frequency and for the operaticmal 
imipUtiePe used in the circuit. Regulated power supply 
Ie used to prevent +a*o, ripple. and to got a constant 
d.c, supply tab is not affected by the change In input 
supply or by the change in load. A step doi.n tranete er  
is un3 to thongs 2250 V a.o . Into 30 V a.a w The two out-
puts frcm tbi e_ tran ofo e r are jven to to bidgs reoti-

fier circuits to tot •15 v.and - 1s V tet . < .  

The outputs or* esoothoa o6 by i►o 1000 a ` capacitors. 
ew 	 4 	 w wo feedback voltage regulators are 

uee&get 15v stabilized d„e * supply, In a feed back 
to voltage regulator, the d.Q, output is compared eciti. 
nuow y by the ccrnptor with root to a reference 
voltage. ,a, My difference is amplified by the error aspitfier 
and retunied to the cumtrollisg element (] i g, 4,5) 

,g .4 +hens a series voltage 	 ato 3t - tcb 
transistor Q, to control element and Q2 eervea as the 
c rp*rator and error emplifter. Winer diode Da provides 
the reference voltage, The voltage m4toring tet 	, 
composed of resistors R and R4, is adjusted by the pots- 
titater for the desired output voltage over The operating 
range of the regulator.* The voltage of the acaltoring 
notvo r, V4 is adjusted to 
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I. 	e3 	-O- - ' _  	%q. 

sxpreseit for V4  is V4  w V 	0 Y .' 4* ) 

are TR is voitege wroe the ener dio Mr 

nt voltage of #h regulator is ven by  

+ ' ► 
4 

* 	 (4,*7 

his equaiticm. shoe that output voltage is r rn 
i f*otian of the reference vC.tegs anti the ac i'. 
tir'rk 

I r atic* in pot nti ter settin g changes the 
.fir►• . , SiaUarly by equatim (4.4.), a change in 
volt age 	 ecis the vena of  

: mm g 'th. street of 	 t 	tha 

1* 40V1  V I.  

* Output varies viTh 	V. . ' e 
' V. 	 toh La gt von as 

I 



1B1 a I1 40 102 

Bec~r 	i is a functionof i'!2., Tc td 'o 
very with Change in Collector gent of 02 C2!. 
Ccntthujng. i4th the drone line of raeeniig, vs sew that 
102 is controlled by 1B2 * t a sea In 2, 
Change. in V, vhlch to sensed across t We ca thee' 
tar itsto that a change in the output voltage is trans' 
fered tot and amplified by Q. The re ,ting change in 
vCM sets to retuni V0 to its original It e1 

Cu) i!fqe 6 
A Constant requenoy - n e vote ei e1 is eared 

to ter*t 	the capacitance bridge. 

Pr fixed frequency  equancy anpljec*ttone, the +vein bridge 
aaxf anti m is the amplest pmt SI. rE sine ave 
generator, With an operattciial anpilfieras a it 
el ento et*h on ostollator will have a frequency that 
is 	tsely Controlled by bridge elen ants, A4Utuds 
cautrol is achivsd by means of automaticgain c ►tr 
which Is p vi. tied by Sem died* feedback, The vein 
bridge .l. ent, supply positive feed beck ao d the 
amplifier to induce oseillatican, and oeoi11stte results 
at the frequencyf. 

21 i2 



poeitt• fee4baek peaks. A peak in positive feed b k 
results b.cexiea the series capacitor icreaeee t*edbsek  

with f sq cy agile the poraliel capacitor doo; *r* 
Ito A ,i..jpl• Ven Bridge Oscillator is an show In Pi g.4,9 
Lot us sau • that the output 	is asinusoid, the! ► t"h* 

food beck ratio of the bridge to given by 

W lee 	e R + 	r 
we, 	~' 

The ecbdttte f+ ' oscillatiart is  

VPI. C 	 002 
1 

I 
.0 

IfP2 old @1 a 02 

end ffewrquatic i (4 ,8), 0 • i . 

Therefore, for aqual reel store_ end capacitors in 
the vein bridge,  the feedb*ck factor to i/3, Teen, for 
a dn of 3 throut p1ifier, the Rain roimd the positive 
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FIG.47 BLOCK DIAGRAM OF PSEUDO BRIDGE. 
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feedback loop to isity and o illati results. The 
mpi&fier gain Is set by the negetiae feedback. As 
long as the feedback faeta is 1/3, the c S,rc t i111 
oscillate at off` preset tpiitude • If < 3, the 
soillattt acy,litnde viii diverge with time trti1 eevere 

dietotii occurs and it 0 	, the oscillation. will  

c Yugo to zero vith tune, 

The positive feedback loop baa equal rest stot and 
capacitors, rbile negative feedback loop has a gain of 
slightlyy greater than two This provides p Alightly 
greater than 	5 to assure oecillatt on * The output :fie 
quecy In ii ted by pliftar slew rate. mew rate or 

an + 	tie l o * iffier is the a aziiiut ckane in put t 
per .t time that operat ion 	p1ifier can deliver, 

(iii)  Cecta. 	l+' 

The change in capaoit ee(eased by the capacitive  
transducer) dine to the moisture C t t of * +?5te 
is omrrerted Into u balanced voltage signalthe cspa► 
citive bride, In case of an ordinary bridge, *seudrrR  
the detector is of high icpedeno•, the transfer ftatcttan 
is given by (Pig.4,. ) 

Z1  'Z2  
0*0 	.io) 

It is well know that close Vie- ba.enee,, the transfer 



al. 

fizicttcn xaay be 0c114de'dd as a lin 	f*ictim of the 
iip.denes respc sibls for the dspsrtne frc departureI*Imce, On 
the other bend, if large devietie ter r .e►o• are 
octtpiate4, linear behaviour is not generally attained, 
ifowevar, if rasfer ftZeti41 is revritten ass 

__ 	2  
1• Val  

then it i * easily oeen that linearity rpt the deto*t* 
is possible for largo deviations tragi balence der the 
crnd.ttiies 

zt  

flowever, linearity In this ca Se Is achieved dTh  
a possible loss of sensitivity end in not generally 

Zn cese of the ptudo bridge, ihoa In fig.4.7)  
the trenafer fmcticn is given as 

.* 4/z, 

if ily Z /21  is allowed to very,. 

£ii p?oved bridge whichh onpreaI* tvo eIailaP feed 
back asplifier circuit. has ben used ( ftg.44 and 4.9 
For upper end law ► circ te, the trend tttette are 
respativaly 
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FHG.4.8 BLOCK DIAGRAM OF IMPROVED BRIDGE WITH LINEAR 

Ota ; P iT. 
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FIG.4.9 IMPLEMENTATION OF IMPROVED BRIDGE OR CAPAC:I -

TANCE MEASUREMENT. 
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T „ 	 •  
z 

Cowb ed tr ef.r tzctii of the bridge to 

T a`V ' L OAS+ L hems 

Xf z, aiid 3  two pu't1 oepooitt , and a as to P"sve 
a /j' ,5  of ,vs]y,, the 

if 	. * Z4, the T a 3WZ( C.  C, 	(i4)  
az 

Mach is s to y  p?oportiiai to the dtttmrrtee "bet 
the two opesits17 vin eapueltora. Due to 
stability oanaidoatiza, * e bigh eeietE• is added *% 

C atty, 
• z i v -,j#3 

and therefore, ? a 3V8  

fi tch pros es the 5eO form 	as "pati (4.14) 



(IV) 	rettial 	11tJ 511 

The Voltage eitsle pra sd by both side,, of the 
bridge sr* given to r operatf at amplifierts 
invertingd n inverting iflputs. The output of the 
di,ffe ti l plifier to the irplified differ c. at 
the tvo *i .e i.e. a rplitLed iztbalmcedgoal of 
the cap hence bridge 

Let us a sjder that the voltage difference. bte 
the inverting and n 4nverting thputa of en operational 
wig, tier is very riaU and aesire that both Inver" end 
nc,ismthvertlng inputs are at the some Voltage r. . ( , ~►4.1 a);O 

&&sePVe that if V is zero volts, the sm lfier will 
act as vrtin. g anpUfter to Vie This o t s bees + 
input currant Of amplifier'+ yumtnverting input is sero, 
so no cwt floes throe, ,h 'P2 VIP Rr" a vt Is corer 
wait** 

Wit, If m met ori to be - sere volts and useV2 
as an Input 	 sl,, t *plifier i411 act like a n 
Jxs rrtin g amplifierwith a voltage divider (Nand Re') 
supplying input Voltage vf, to the niminverting +rp1.ifier  
tion 	' 	.r 

both V, and V2 are solied snulteneou&.y, 
the noninverting input causes the output to drive a 
voltage that viii cause the voltage at the 3trnction or 
PI and 1 f to b! vre h5. V * 	

I_Ti2 .Rt' 
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thstes&of gePe, se voula eco In none Inking 
p UfIer. 

Since the input restetence of pi1fi z to Y0 
high, vsow 

a 1Rird XI2 a 

tout 

r r,— 	orfat"I of 

This a .tier is for v ,,t or noninverting a,pitUer 
vith y~ "input piui the equsti+ for r ,t or an 

vertig MpUUtier. Y to VO 	the jimcftcii of 
voitae divIder, and Btuyith v2 a , . +gid to P210 Sit 

Substituting tide value of o f In eq ti (4.15),  c have, 

If we got RI a R2 #nd'If a 	It 
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FIG.4.12 CIRCUIT DIAGRAM OF ACTIVE FILTER. 

m 



Vtmt  72  { R/P1 ) '0 V1  ( ,f,/Il ) 

snd # azet ►rs, + a 	 V V 1  
P2 

In thIe eituatiat, the ontput has the pei&t of 
the larger of r,  •and '2 

)  heed pass filte  0'21  

A narrow dpctae filter is ed to reject ids 
treble frequeioiea. A - andpses filter is a circuit 
despied to pass dd; sle only in a cera -dsmid o" 
f q Glee vbile rejecting all eislt outside this band. 
Pg .11 + 	r frequancy re.piae of a 4andpssa fIitr.  
'ter typo of filterr has a a 	output voltages "ç,  or 
udaira voltage -#n A, at , e frequanoy called the pea- 
tar fmqura°fir„ Vo  * If th feqoy tSPt*e 	re epee. 
the output voltage decreases. There is one trcy 
above ire  and ee below ' e  at which the v4tsge 1n Is 
0.707  A , * 	.seefreqtwncie. re dsi ated by Vl, the 
high cutoff frequency and W1, the low cutoff t: *qu+ ey. 
he band of frequanotee bt5 v and v is bend r idtb 



A 	bzitdpaee filter Is awe that bass 'band" 
ca dth of lees ten one tenth of the resonant s 	oy 

(8 < O.]. v0 ). Ou- iity factor Q. a 	► indicates the 
i eleetivty of oi- t end to narrow i dVo s filters, 
Q> 0,0  

An eetie filter ( 5.4,12) hes been used In the 

e *l.t vbtcb is cheaper and lj*ter 	pa*iriY ftlter 
at for operting f quW01ae, ►roi43i r In audio tPequeno7 
ranges, v an active filter 	arcs 	eU 	The *e 
limitation of et active filter design les in the Timm 
tier. 

( ,) 	tifierAttu  
A devjoe, atd as the lem- Atop diode, 

which La capable of convertin g $ siivaoidel Input w-vøfortri  
(whose vara value is nero) Into a xtdireetIetsi 	# . . 

f ,# 14tb * nonzero average eunponent, to called a 
rectifier. r. Her* a bridge rectifier is used to crnvert 
the a,*o * vl bal ced voltage Into d,c. The essettiels of 
a bridge circuit are shown as in Pig 4.13,, To uiderstend  
the motion of this cirei t,, it is necessary to notø 
that tvo diodes conduct i 	.o aly# For eels, 
during the portion of the o, .* when the tefciter  
polarity ii as &bores In Pjg,4.fl, diodes I end Y are 
coed a t g,  and oft parses from the positive to the 
negative end of the board. The conduction path to show 
In figr. During the next half cycle, the transfoer. 
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FIG.4.13 BRIDGE RECTIFIER CIRCUIT. 
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FIG.4.I4 CIRCUIT DIAGRAM OF ±15V G.C. POWER SUPPLY. 
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voltage Perereee ite po1a2i'i7, and diode* 2 and 4 end 
current 'cru the lead in the ewe direction an during 
the me oua half cycle. tri case of bridge reotifier, 
each diode has cttly. the voltage duo to balonce eoee  
it 	the ,inverse cycle vhil.e in case or a full  
rectifier it is doubled. 

(1) P at ed 4 3,5 V D C. 1ver SUP 

Tranefar7er Deas l 
Tr Lefo er for duel power eupply in dre►ei ed for 

following epi ficatiate s 

St ping size a 3...15 no. 
Primary 'Voltage = 230 (P to P) 
Secondary Voltage a 15V . 0-15V (P to P),, 

To get k d output1 ene primary end o Este 
efctItdery &ndthBe are being ijotmd, Take a 3.. Vb 

30 4.44 x 50 x1.2x2,5x2.5x3.0 x S 

Total n*eiber of iseondary tune a 
WI, .--~.~ x 360 

x2760 

Maxine sac do clary current I* 100*. Hence wire gauge of 
sacondary winding a 32 SWO 

Priaary o Trent " 	= I 	A a 1Q4 

Hence gauge for primery ri 	• a ', SWG 



PectLfjpL filter and a abillsin Ciro t 
bridge rectifies )eve 'beeTt. 'u 

Bsotitier No. S 204 

To ospscitora of lOt , ' each I s ueed for 	m 
tive and n•getive poimr 

Ctzentt dtsuftin as shyth flg,444*** 

ZeneP voltagebiz it 5.6 V 

T e1(, a tAs 11) a A 
2 

the2Z a2,#2a4aA 

•, 	VcrVp. 	 - 
4 

hp 

2.2 Robe 
(take) 

a 0.,067 mA 
a 6I 

1 	 2&t 

1►~ 2 aO$V 

1tl 	Y2-Y2 '`Vpa5*6 •0s6. a6.2V 
25 02 

II 2 to 

Tek. RI -4.7k Q p,,. t, 

4,4 
2*A 



• 111 	90  ` 	,.8 A 
pE 

Cuetttt ou 1? 	2 +I.8 3E8 	A 

• '",  
4 mA 	4 

4.4 
n . ii. R aw $ 

4mA 

Volta e drop acrosa P2  V2  6 

Th+ref 	drop across P * 1 6 	V 

o t 1- 	- 0? 

P nn1 values are I 

4 #7 *a preset 

K 

i1at 
y,  Is-) 

M opersttcm.1 stpU Fier 741 and ` 	diodes are need 

"hen P1 . P2  and C1  s02 
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FIG.4.15 CIRCUIT DIAGRAM OF WEIN BRIDGE OSCILLATOR 
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FIG.4.16 CIRCUIT DIAGRAM CF CAPACITANCE MEASURING 

BRIDGE WITH DESIGNED COMPONENTS. 
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?akeP,*1OKOhrnftldfl4 a4.7k (*Apriest.  

(ii,) a itlnei 13P$. d 
In the actual bridge,  eepaeLtore 0, and C3 are each 

ec apøaed of two Parallel 	tso m.e of vbicb it a fixed 
nternsl eepaoitar littrodiad to luioe the stability 

of the iyatari*(Take O.001 `), vbile the eeettd Is the 
capacitance ocntributed by the transducer in ue 	and 
a variable capacitor lit another tri ( oi* in ftg,446).  

02 and P4 are also taken equal to 0001 áf each, 
1)4 0t resistors are Inserted In parallel in all Mabee. 
T`operititmal p ifiere 141 bane been uesd, 

if 	tterantial u s tier ( 
Take R~ ` s 7 *10K  0, end t o not again et l O, 

R~► • a 	0 a 3.00K 

(v) Band Pace filter 
/ ri active filter emsi ete of resistors, and a&,* 	re 
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FIG_4.I7 CIRCUIT DIAGRAM OF DIFFERENTIAL Air✓If'LI;=IE. ' 

WITH DESIGNED COMPONENTS. 
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FIG.4.I8 CIRCUIT DIAGFAM OF ACTIVE F ILTEk WITH 

DESIGNED CGMf ")NENTS. 
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as passive elite snd a high quality ep,rsticnat plifier 
in mm. positive, fixed gain a fugreti.c as the active eleiet, 

We have W. a io raa./moo 
d# b * 100 95(aee e ) 

Quality f3oto ► Q 	 a 100 

X*tMsxjam akin A 50 

'or optic:! pe +c mace, it Is best to make the 
par eUra dsped cn resistor ret toe and JC preduets øx1y. 
This Is be+ au the tsperattwe tracking of resIstors 
and BCa to Is c ttro11eb1e„ bttt var ati s liil 

tier gain end band vi dth are not 

Taking, C I a 02 a 0,1 

O 
- 	 a2XX1015 

• 9X 

s 	.,a 	 •2.x103  
2Ao 	2250 

2x105 	p~ 
a  

4Q '2A0 	4 x i0'. 2x50 	4 In 

5 Q. 



ce„ final velure are 
Cl  a 02 • 0 1,/ 
'a 2 h 

(T) icttfier tbiit 

A tidgs rectifier wig four diodes have been  
Us" to got d..c, value of Output 

4.2*3 
The output of the bridge reotLtic r 'baa been gven 

to a d;.c. mioroeter through a variable resietor 
(47 J(*, Potentiometer) in series Leh giver thet*erege  
value of current 0o1?eepatdiflg to the th o oit+ 
omteat in c +rete., 

no epl.te circuit d s om of the 	r *ant to 
shovn in 	.4.19. 

s? 	3 onf the Ind ,t 
the in tent developed is first ealibr*ted in 

torso of Qapaa!t ce and the capacitive tranedzcer With 

dry o mer,ts as dielectric is inserted in we 	of 
+spactti aee bridge ( as eboi in fig,4,19 )q, The tiler 
ar miter '411 give - emir deflection because of the tmbslenee  
caused by the ospi► ti • tranrdue.r. The bridge to bal-P 
ced with the help of variable capacitor inserted is the 
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op ett' aft of the bridges  That the calibrationof the 
meter to e. &th the help of eoneete a Ates of Nt 
aoi.tur. pePetteg. 

4.3.1 4$it1in Terms o Cs,aoitanc. 
A cedard variable capacItor of value 0.003 At 

Is Iiesrted in cra 	of tie 'midge In place of the 
tdzee end full nails 6et1eotin in the micro*ter 
Is obtsIne4 . Wtcoa 	►tap peadjztge 	note' for djffu 
art values of oatetanoe in e ei ding Vie.( 

Table V), 

A IV 

Cst,ttee tL 	ster. 

I 3000 100 
2 2100 700  
3 1500 49 
4  950 30 
5 500 14 

PM '?sbla IV, It Is +pis* that there is a linear  
rSisttiaI1p be%oon The ergao1 i re a and Osie o 	P ceding 
which +►ms s*pected t m C PL g.4 20) equate . (4.14). ) 

4.3.2 Ia .iboatftt in Teter df )ta st 	1epeenta 
The cap&oItivet ransaucer with oterste sample, of 
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variousnto m voisture pare ntages rrns teeh'te8. In one ar 
of the bridge and the readings of inior etar P•` 
noted an shorn in Table V. 

TABIC V 

sow** Moi 	pare Content Mtcrometer  

'! 2.5 6.0 
2 5.0 14,0 

7*3 22.0 
4 IO .ó 30*0 

*5 42.0  
6 15,0 0 
7 l75 70.0 

pi g.4.2" sh 	that there Is appPoxjinate1 a 
1I,n+[ relationship between the motetre percentage in 
concrete and th• *tcrt m t readings. 

 t 	, K r ~M •~ 	{a~ {' 	s { mlH 

4.41 	t 

The th.ti*ent developed for the re 	 t of  
foist a in concrete has the following sierites 

(1) The sotetm a meter to Simplot easpactand portable. 
(2) Capecitive trams mer hag been used 09 Sensor 

etch is maple in eon strvx,tio and bag the sdv.mtage that 
the physical ohariiiLnvelved in its aotiit darts not 



w 

peed 	the jthy.ieal props ties of the Mater .a 

() The *aa or adv ntage of this so etwe meter t o 
that the prseeflee of electrolyt.a, aelte or edde in the 
. ).. do 8 of street the siding of Ston er, 

At *pClable cbige. In dielectric eewtent 
occ r for eaU ch.e of *oiate a tent In a cci ereta 
• p le aM hence a good eeneitivity has been echiYed.. 

The use of Improved e*,aeitence bridge 
with eperetitmal emplttLe a and high reetatencee ak*& 
it me" moble.. 

(6) Stra7 ospacitencee are neglected M Ing 
a omen ►► di teInsa. and J 	ted 4r. for eet~ 

the transfer,  

7) This , etrwe* gives *tant .eo r* 
d hence soisture cam be eontirblUd In $ procesabig Cts.- 

(6) The to but to cheaper then n the other 
a'vailable soiattue meters. 

4.4.2 writs 

(1) Error 	arise from )nstdity affecting the 

hralati i.eiet a and braeetsy Erle otric fie.d induoftrg  
parasitic potential. In the not g rrnzi 	p1ste 

(2) tbie e.rio a dray 'back with the treneducer is 
that the ival of actual In t'gnsduoer should be era. 
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Othexvi.se nng results will b e .ebtetne,, 

(3) Tpenaduoer bee to be oleenee for *eb u1e 
in oar to aàL  the Boating of )iar6 meal* vbieb effoto 
the eeae1ttc. due to dieleehtrie change of rnediir  
reaultingin en rteousolet a etent m i t es 

4 



9?',  

In tbi s di s ,ortation the aut r has attcrptod to 

about all the ex. sting methods of moisture mono. 
in coicreto. The ucia problem in most of the 

iooms to be is that the variable proporty to be 
a is also affected by factors other than moictur+ „ 

The instrument devolopcd by the anther can be used 

tzuous as well as intermittent nea urotont of 
content In concrete. I t can also be used to 

the molsturo at different points In case of a big 
,creta slab. This moisture,,  motor can also measure 
ture content its other loose materials like, sand, Coils 
art  floor eta. Brat i t has to be calibrated again for each 

The pe, rfommeo of the instrument has been found 
/otor.  e sensitivity of the moisture motor is approidnately 
a tore per microcm►poa . It has been found that there ed st c cm 

j tom* near relation botveon do moisture percentage and 
Izmmoter rewUngs. The deviation of the curve from linearity 

duo to the unbalance of phase and packingdensity and 
a 1ottor performance of the instrumcnt can be obt tac 4 

" 	t a phase balancing facility. The phase changes thould. 
without influencing the relative z pl tudoo of the 

iota sides of tho bridge, 
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