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ChalHer I 

I. Introduction 

1.1 Proce.~ Over-'ie" 

The l\ arnak wa SanJ. MnK'fal ['roC~">lllg C ornpany, located 50() km north of Cape T o"m 

on the We",,- Coast of South Afl'ica, i. re.ponsibl~ lor extracting minera18 li'om the earth 

Ii,.. variou" lIldu.trial purr"'''", Th~ In,,,t ~xten,i"dy extracted mineral is Zircon. which 

is all insulator. 11 nas (wo major impuri(i~" Rutile and Leuconne whid\ are 

condllclon, The mirl\.'fals arl: extmded in tll;, form of slurry from sand dunes fonned 

nlOar tne s~a shore and t.h~n pumped into a concentrator. The heavy and light min~rals are 

..:pamkJ u>ing a gra"imdric kchnique, th~n st()ckpiled, TlI;, h~avy min~ral concentrate 

is taken to the milleral separation plamili. 

At the plan!, tile heavy mineral concentrate is re-slun'i ed (mixed with water). The slun'y 

i. th~n pa,,,,'\l over a magnetic bed (Figure 1.1) to extm(;( a mineral call~J Ilmeni(e 

which is used a, feedstock for the smdter as can be seen in Figure I.J. This is an 

()"ernew ()f th~ process [1]. llm~nit~ i. roast ed and mixed with charred Anthracit~ 

(heated and dried in allother process) to f",.m all iron oxid~. Tnis is then fed to electric arc 

ruma~e. where It i, redu~~J to high punty iron and Titanillm Dio.~idc rich ~lag as a by­

product. I'he Titanium .Iag is u,ed in paints. plaslic •. paper. swe~ts_ cosmetics and 

(()(llhpa't~ due to it, non-lOxi~ and biologlcally inert proper1i~, [2]. The high punty ",m 

(pig iron) i. u,ed a8 a raw material to reproduce ductile imn casting. used in automotive 

parts (brak~ callip~'fs and sl~~ril1g k1\uckl~,). 

o 
NON.M_NI!TIC 

; .. ,:;. .. ' 
Figure Ll Magnetic Separation [Jl 



Zircon, Rutilc ~nd I.euc"xene and ntocr nnn-magncli~ minerals ar~ th~n ""nl to the' dri~r 

",h~r~ Ihq· arc <irkd and s~p~r~kd, (using ~ high voltag~ d~ctmslalic field) ]nlo 

insulators (Zircon) arid conduct"rs (Rutik and Lcucounc) as shown m Fig u r~ 1.2. 

Zirc'onlS furtlJer purillc'd to proJLLc~ a high~r grade product [ II. 

I;;gure 1.2 Fkctrmtatic Separation 12H I 

Rutile and Leucoxene ar~ mainly u,;ed in welding rod f1ux~ ,. j)u~ 10 Ihei l' strength. 

cOITosion and heat re>lstaoce propertie" they are also used in 'Jerospa,,~, and aviation 

mduslries. and ] n Ihe manufoct ur~ of art; tic ial hi p joints, hean pacemake" and spec lac I ~ 

fr~mes [21. 

Zircon is u s~d III tk production 01: c~r~mi~ tiles; s~nitary ",ar~; ~ wid~ r~ng~ of 

ad""", ed c~rami~", rdi-adorie, ; jewellery; elec troni" applications; a ~omponenl in TV 

SCreenS and wmputer monitors: and many other mdustrial and domestic products [2J. An 

ov~rview of the process is "'~ n in Figure 1 .3. 
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lIOII L .... I 

1.2 Problem Statement 

The major problem lac~d by lh~ min~ is m~a'lIling I,ow pure the extracted mineral< are 

inlh~ lillal mlxlure. Cunelltly. ther~ are tv,,, mdh"ds of doing this. 

L X-ray analysis. which achieves results with a IHgh dcgr~c or accuracy. 

!lowcv~r, lk m~Mur~m~nl ~~lIipm~nl " \'ery eo<tly and tim< only a limited 

number "f s~mple. are mea.ured. It al." takes about 30 millutes 10 complet~ a 

2. Phy,ie~1 grain counting. Il,i< IS al"" very accurate hUI is extrcmely labour 

inten<ive and lime consuming (tak'llg appmximatdy l~n day.), 

J 



Capacitive rnea,ur"11lent \<',I S Te,ted as a viable altcma(ive method. Howl"In, it was 

tound Ih"t thc m,'asul,'lncnts werc greatly influ~ll~~ d hI' day to day ch~ll ge, 111 the 

rc lativc humidity of th~ mim:s atmosph~r~: tflls was dm: to the hygro S(,(lPI~ ,,,,ture 01' the 

mim:raL absorbHLg 1TI0i,tur~ Irnm lb~ atmo'ph~re. Th~ resulting relative jXl1l1i(llVlly ot 

the mineral WaS shown to chang" ~ppI','ciably with moi,tun: ab,orp tion 

I.J Ohj~di'e 

H,,,(mg 'nc(h(xh or "n"lyzing th" rr"pol1 ;on,; of millerais In the fin al mlxtllre "r" llnahle 

10 do th" quickly aT 'I 10\\ enough coot. Ilence. w" Were ap proaci1"d by th" 'niner'll s,mds 

produceI' (0 inv,'s(igatc al tcrnat,,·c 1l'chniqucs. Thc main requirclncnt of the produccr was 

ih"l th" ,>ystcm shollid I:>c an in~'"I'~n~i,~ mineral analp:er. resultmg in a gr~ut 

m'pJO'C'mcntln pror,'ss control and (hus efficiency. 

104 Nmnakwn Sands Sp{'cific Ref)1lir{'tn{'nts 

Th,' spenfic rcqui rements w,')"c': 

" f)c,ign and fahr;,;ale a low ~ .. ~l I'rol .. I)I,e 'J,lem • The de" gn 1ll11,t be co,l 

ctfecti,·c. as a nllmb"r of systems may bC' built ,Illd in';talkd in each ,;tr.:am of lhe 

pbnL 

:;.- Suitahl{' dynamic range - The ';ys("ln "'ould be able lo measure a full ",ale 

range i"rom 50~i to 1()(Y;b of Zircon. Howcver. it should lt havc :m error of no 

mor~ lhall ± 4% oclwcen the rangc of 70% to 10000 Zircon. 

,. P,·O\·ision .. /" a suilahk ~alibralioo slandard - Th~ sy';l"m ,hOllld "K"orporme a 

fast. si Illplc ~nd acc urate mdh,xl of c~li bro.!; on. 

:0- Ph}·~k .. 1 dimensi .. n~ _ Th~ system should Ix nO larg~r lh"n 1i00mm X 1i00mm X 

6OOmm. 

:.- Temp~ratur~ - The system should be' able to withstand a ma.\imum temp"I",llur" 

01' SO° lUL SummCr. 

;.. Humidil)" - Th.: m.:a,"r':rrl,'nts silould nOl be' affecled by day to day ch:mgcs In 

relative humidllY. 
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y Rohust s)-,t"m - Altllflugn S~,,,ili\'e to minClal prof".'rlics. thc systcm should oc 

lobust with very litTle maintenancc ,cquilc..J. 

1.5 Rt:VI ~: \\' OF L\.ISTII\G n:( 'II~IQL~:S 

Ther~ aw seycral ~xi"ling tcdm,'lu,," lnal ~()uld he used 1() nl<Oa,ure lllC pcrccntag~ oj' 

impure mineral> in a hrcon mi~, Thi, ,ection briefly mllline< (}f s",ne of them and 

d"scrilx;s th~1I' advantag,," and di,"dvanlag:"", 

I .5. I I nfm-red Sp~'dr""c"py 

Ev~ry ~kmenl m a wmpound IS JOllled 10 Ul1(}lher elemellt by a chemical Ilfloo_ These 

bonds vib'atc at spcciflc rCSOI",nt j'rc~uencics and are dqx;nd"nt on th" "z~ "nd Ih~ rnas:l 

oj' th" atom" IIlvoly~d [4], T akillg this propnl Y IIllo ,""counl. an mfrared I:>eam of 'p""i fie 

fr"'lUCnc:> is passed through th" sampk undcr Lllv"stigatlOn and lh~ spC"CtrLLm 0 j' rdle~tcd 

(or ab"orb~d) lrght IS m"""LLr"d a< ~an he ,e"n ill Figure 1.4. n,i" informm;(}n i" tlrell 

cmnpared to a k-"'k-up t.lble al1d I",ncc IIrC concClltration of eaclr compound ill the sample 

is id~ntili~d_ 

.. , .... RIo" 

Figure 1 A Illfra-Red Analysis 
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I he advantage, "I' lh~ kclll1iqu~ ~r~: 

... Th~ sy,tem i, compacl anJ Ihlt, v~r",hk 

,. It is fairly "~~ur~I~, 

, Tt i, [>ot temperature depenJeul ,h il r~li~o un Ih~ optical characteristic ,,1' Ih~ 

"'nlple. 

rhe diStlJvanlage, are: 

,. II i< very cosily . 

... S"IC~ il i, an op~n structur~, the pruel1ce oi"moislur~ hu, ,ignilicunlllltlUCllce on 

,. II "ould b~ dintcult tn lml'icnwm Ihis uppli~"li()n J,,~ 10 environmental 

cnl"idermion" ,"d, as Ju,1 cr~al.,;j wh~n pouring sQnd 'amples r'!l 

15.2 X_ray Fluorc'eCI1C~ Spectro'e()p~ (XRF) 

rhis tl"(;htl1~lLC i, silo"" ill hgurc 1,5, and If, rr~",mly used at th~ mlllemi rro"~ssing 

Oplic,,1 mIcroscope 

• 

S"mplr- holder 
(4 ~lnl ('roll'lll') 

,tag .. 

'Monochromatic 
X-ray ""am (Mo Ku) 

~""i'., LiF (220) 

X-ray (Mol\ 
t\l['" 

Figure 1,5 XRF Analy,is [tiJ 
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X-ray bnllns a]'~ p"ss~d lhnlllgh (nc ,,;J.llll'ic 111 ~ """ulIm ch~mh,'r . This 1IHillc,'s kindie 

efICrgy In the i'le-Clrolll and "ldu~e , lhem (0 j llmp \0 a higher ,'n,'rgy bJnd CJUSlllg lh~ 

"lIl1ple to produce fluorescent X-rays 151 , The- tluure~c~m ~nngy lS mea;;urcd 10 provide 

>r"":lr~11nrOllnali<'1ll ~hnlLllhc dcrr",nl~ in Inc ~~mpk 

... Th(' systcm is very aCl'llJ'ate, 

y MoislW'e e·IT'<lr is easily a\"icl.::d ,irK(' the '''mple i, plaL~d in a \'a~U lllll . 

, The X ray CJn be easily absom"d by the sJr~pk ln the- ciectrolls excitation 

j1n\<:~,;;, rc;;ulling In "m)Ll [7J 

" Illghly ~kill,'d I~ hour I~ re'lulred. 

" The capi(al ~qUlpl11~n[ i$ \'ery expenSive 

l.S.J '\udear lVlagllctic R~~ollallces (,\\IR) 

The ,~mplc under inves llg"l]on], placed in an external magnel.i<: fi eld ",nd rad'io "'a\'e, 

arc 'Ipplied 10 it, At ~ celt,lin freqllency, the radial Ion is absorbed by the atomic nuclei 

ami Ihe nucleus enters ~n excil"d stale. In tius excit"d stale the nllclei undergoes an 

eleclron o;pm erfe~l. lhus <:hanging Ihe nnenlalion or ,pin in the llucl~l. The ali)m Ih~Yl 

goes had lo its origiYlal ()11L'lllalion (relaxation) and ,n dmnf! ~o reicases rauiation, This 

r,'-,'mitted rJdiation is m,'a,ufed wilh respect to (time) an d quantilY, to determiYle Ihe 

concenll, ttion ofcle-mcnts lfl a sampk. A diagl'lm 01 the- lcchlHqUC 1;; shown m Fi!'U1T 1,(,. 

, 
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Fig"r~ 1.6 NM R Speclm<;copy 

I'he 1ll~1" ~d'anlag~ of ." \1j( is that It is '-~ ry acc uraTe and "xl~n", l ~llvinl11mc11lal 

,-nnJitions ~ r~ ~a'ily ace "mlllo d ~t"d. II"" n "r, 11", s yslem lS e"lr ~ tlldy I. bo Uf i n(cnSl\ ~ 

anJ, like If;" -'RI' spcdl'O:;Copy PIC'-lOU,ly ml'l1(i()ll~J. th e capital "'llLipmcnl is cxlrcmdy 

cxpmslv". 

I .5.~ 1\1 icrmn \'c T~th nique 

,\,l icmwav~,' lie III the reg ion of 10117 10 11)0(jH~ or lk ["''IlLency _'pectrum ' r he 

~dvan(agc> or lmCrowaV"S alT lhl (hey pas> righl throug h insulators rZirwnJ WilholLl 

atkClmg l h~ material, ~ t1d the effect' o f moistu!\; can ~asily he detected ~ nd 

"ccommod;n~d tor. Microwa V"' of spe~i fie frequency ~ '" P" "cd (11ro ugh I h~ ," lid sampk 

and Ihe p',,,er ahsOlhcd i, mca'ur~d. This wOlLld ~i,.e an imiicat ion as to how much 01 

lh~ llnpurili~, (condlLc(ors) ar~ in (f>" ,and 
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1.tI Choin' of I\pproach ancl 1a~'Ollt of Th~ .. i\ 

Aft~r reV1C\\lng the 'y'km reqUlremellts. and due to the hnl1lalio1lS menlLon~d in Ihe 

aoove processes. lt ,een ,ed thai Ihe lls.c of micrQ,qve, would b(" an appropriat(" choke. 

Vanous mineral sampk' wer~ te'ted Ilsi ng J micnw,av(" Il("twork aIlaly"cr. The 

allrnuatiol1 mc~sun:ments ran'ied nUl gavc a good ccllT~laIL"n hetw~en a1\enU,IILon v"ILI'" 

and I'er(cntagc I mpunllcs l ,e. thc~' Were almosl I mear. Tile l1lC,JSllremenh ,J I so i 11,lIc"ted " 

good dyI1Jm'" r~n ge of J d13 s to 3Odl3s. 

Tile d,eled Cl (, prol'·("rties of the mmeral sample, wcre then lnvcslig:lled ln ord~r to 

ullderstand lhe intcractlon of mlLTOW,",Ve, ,",lid lh .. · mmeral, concerned CI'<I,-.I .. "r l\vo 

prnv](k, a hrl ef Q"Or-'le\< of elldednc' pennl!!l v1'y ,Jl1(1 'Ile dle('h of tnOlstlire nn 

micn"'~v~ nIC "llrem"n», 

Chapter lhree de;;nibes Ihe differenl c()ml"lO~T1lS lila! could he ll,ed in bUllding rll" 

me~suriIlg l[lS!mmcnt with thci r alhall1ages and di,ad va nt"gc,. 

The pl an ned " pprO,ldl IS to h;lve il lO,5G l lz transmlttcr which '\:\S ~mp[illidc mooulmcd 

~l" frequenc) of IKllz. The re(en'er c i1'<'1111 ;\111 be cOIHl<.,cteci to [he system null "til 

display thc atlCl1llalioll mcas ll1'cnx;nt ill voltagc form A look-up table ",til be ncatcd 

from ,\hich the percentage lmpuri tie;; l'llllid he recorded. Til" met hod Qf prop~g~lion of 

th ~ mino\\':\vcs could be waveguides or antennac , Tile implemcntation of t hc prcfclll:t! 

rnelhQd is d"s('li bed in Chapler four ~nd Ihe re'llits and cOIKlusi(lO' frolll til e 

mca,urcmcnts 1I si ng th l s sj'stcm arc pm", <lcd in C huptcr f i \'C. 

Thc IIleralure re " ew for the <el'll nt! mea,unng techmqu", Cavily Perturbalion kchmlju". 

is given in Ch"ptn si~ ,111<1 the 'lnlpiel1lCnt,ltion or thc sc('ond ,y' tem is lk""jl)(" .. d in 

Chapler :lCvcn. The rc,ui!s and analysis of data fount! IS pnw lclcd in Chaptcr cighL 

Final ly. the the,is i, condllded in Ch~pl"r nl11". 



2 

an 

are 

a 

to is 

:::: 

area 

a 

d d 

I ) 

are 

~nu!~"pr mmCIl~:Ullll 

moment p 



is to q OlSl:anc:e d hoPI",,,,,,,,,,,,, 

atom. 1. 

on [1 

ch;arg:e is .... "u" .. uv' .. n"' .... a 

at is 

on 

E 

amsatllon as 

p 

11 



is is a 

can terms 

= 

seen is 

are common 

No field ff Field 

occurs moment cre:ate:a W>LV'",,,,,U non-

pv, ..... ., .... v'u is is ... ""'v .. ' ..... ,"' ... 



or 

an:satllon occurs 

to 

lUJU1"::'l.U,UU or 

occurs 

an-Icms are 

seen is C1lJiLJll'!;;U. as can 

1l)C1I.IVU [1 

moments. 

eXllm:ole is water lU'.Il ... ",U,I";;:' 



is to a ........ , • ...,,~UJ,,~ a"' ............ i, 

i= 

= Cal'JacltaJ'lCe 

v = 

to 

is more rOlnVt~nl'f>.nl aH;pI;aC(~mlent vector 

is COl1cemc::a is 

== +p 

'.Ul-"'"~''' to to 

== 

= 

--- ----------



is as 

= 

= 

= 

= or E'rlnnE'''·., measurement 

= 

current is ...... uu, ...... 

on 

3() 20 15 10 3 :;: 1.5 1.0 O.ll 
100 

40 
20 

10 

" :;: 

c::: 0.4 i 
II 0.2 
:s 
c 0.1 

:I 0.04 
C Il02 

0.01 

0.004 915Q Meters Allitude 
0.002 H2O 

0.001 
to 15 20 25 3() 40 50 60 70 80 90100 150 200 250 300 400 

at 

---------------------------------------------------------... --~-----



are 

measurements 

50 

20 
10 
5 

2 
1 

0"5 

0.2 
0.1 

0"05 

0.02 
0.01 

0"005 

0.002 
0.001 

3 5 

on .... LL.~l ... J'U.UUU. a 

measurements. 

10 30 

to .... ", .. u ..... u 

100 

to 

content 

Rain 

Medium Rain 

Rain 

Drizzle 



It OUV .. :u ..... 

measurements 

measurements 

can 

a Hill1111'.!') 

._--------._--

not "' ..... u ... ·u. out on 

can 

reasons: 

are 

it 

..... r",,,,,r! once 

is 

water content. 

on 

to cat)acnl\'e 



'P"'ll""" are 

..... .nU,,,UlVU measurements are L"' .... "'u to T .. ",n,,,,,,,,,,,·,, a 

to a one must 

to ensure a 

structure is 

are 

not on pf(~Cl;SlO;n connectors to 

vn,noUJ'T> as COlmpionen1ts are ~_"_'] 

measurements was 

is an 

to 6cm 



cost 

two 

is to a 

resonant "''''f''''~ 

v 

an ...... "",, .... 

a reverse current 

a resonant IS CO]1fle:cre:a to 

-------------------------------------



out 

reason it is 

are 

an atom are set <I ....... ·" ... rl1n to 

.. "'" .... 1"'.1"1('\ more 

-------------------------------,-----------------

to 

at 

are 

Irn.r'\ul'n as 

is 

so 



an is UlJlJu..., .... to 

is 

elt~ct'rOIlS move tA'''''''-'; 

a current 

CA.THODE 

= 

= 

M"'~~ 
dlnlp.Uon takes 

place IirII t.bIIII "'akm 

a 

to 

are 

as it 



as sources 

sources use 

as a 

was is 

a ua 

cause a current to 

"' .. ,.1 ....... note 

if are "'-VI"'''''''''' 

a a 

measurement a treouc~nc:v to 

--------- ------------------



- M"tal Contact 

JA ;\ l ej h()d~ or I' rOllal!'llioll 

."\ll il nllgli rciati vely c~~ y to m:j ~e aud usc. Iht: 110m :nl!ctl"" !ms ~ m:!Jol pu)bklll wllh 

sil>nal.~ [h •• t csc:tpc ... ," lh SIIITOlHlwng, ~nJ ~I" ~ 11~'\:ted b .,~ k. T lli, " krlllw" a$ Inlljn­

path 1l' l1eclion anti dr~"ica li y arrrch ~ltc n ll ~tll">" lllCa,' \lj'Cln"iltS :<nd fcd 'lCes th( x~ur.oc )' 

,,( measurc-me,,!, 

C'IF<ECTJ:)Il¢" 
.vCROH'>"" E 



is measurements are 

is is 

was to 

reasons: 

T 
b 

1 

---------------- ---------------



causes a 

wave. 

or an attenuator 

not 

measurements were .... Ultu ....... 

.......... 'n." to to 

is none 

------------- ----------------- ---------------

is to 

is as 

at 

attenuator is 



to 

to cost as 

a "' .... ' ........ ..., wave wave 

on a screen. 

a is 

1 

is 

...,""w" ....... '"',.", is set 

= 11 

were "" ... J"' ..... u 

to 

to out 



ToG.,," P,<)d~ 

I'igure 4,2 Circuit Ili~grarn (If IKliz Oscillat(lr 

4.1.2 Tlw Variable A!1enualor and Orinr Cir~uit 

/\s ~alllx' ,cell ill t'igu,,' 4.2 Ihc CJ\.!OS 5 ~ S i, c"nn~d...J to a variabi~ alknualOr RJ lhal 

"el" the s.quore wave \ 'oltagc 10 IOV. Seri e" r"" i"tor R4 i" u,ed «l in'prove the ,Iahility of 

Ih~ voilage alicnLLalOr. The OLLtrul of Ih~ all~nualor 1,1'00 10 all LM74L colln""loo a, a 

vohagc comp~r~lOr 10 malnlain The OUlpUT aT The sa rn c Jc"cJ ~ s Ihc inpUT, The LM741 

drive" lh~ basc of a Irall" i"lOr. ",hICh '" conncctcd 10 a powcr lransis\(lr set up 11' 

Ilariingt(ln conligurati(ln , j'hi, set-up allows a current (lf up to 2A to flow in«llhe {jlLnn 

JioJ~ [17], [21]. 

4. 1.3. The C unn Uiode I'l'utcctio" CirclIit 

Gunn Dioocs can be permancnlly darnaged wilh a rcvcrsc hias or ovcr vol1agc "upply ~nd 

hence require reverse bias and ()\'er voltage prOlecti(ln. l'hlL' it ;, e,,,,,ntial t(l lL, e a 

pro(""lion Clr~ui! as shown in Figur~ 4.3 [17J. 

From '1KHz 
Oscili.ltm 

" 
" 

, .... = F '" cro, 

J,. 
l\glLre 4.3 Protection Circui t 

IEtIl:R 
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4.2. The Receiver Cir~uit 

I hc block diagram of tbc cc'l:eiver c,rcu1l i, g,,-cn klow in Figur~ 4.4 and th~ cIrcuit 

diab'l"am "hown III hgllIc 4,5, 

, 
Detecbr AC Bana Pass HeRMS Diode r- Amplifier - F''ler ConvB!"er - Dsplay I 

Figurc' 4.4 Block Diagram of Rcc~l'~r 

Th~ oulpul oj" til<; d~l~~lor diude i" wnncctcd lu an /l.C amplilin (L\.f411 j, CapacItor C I 

i, lLs~d to remo\'~ any IK' off\eJ>. Potential ,li,-ider R I IS u'ed to control the amplitication 

ortbe L'VI411 <ueh th~t the ma~illllLm output ,-oltagc orthe L.Vl411 op amp is 4V, The 

signal is Ihen passe(llhrough a band pa" tilter wilh centre frequency of IKI17 and band 

pass Ii-equcney uf200liL 10 rCnlO'C ally ullwanted nuise [17]. 11 LS lhen allcnllalcd lu 2Vp. 

as Ihis is Ib~ maximum inpul v()llage all()wed inlo lhe R'VIS co",-ert~r and display chip_ 

Fi nail y it LS fcd \() (hc AD 536 ARMS 10 rx: COllvcrlCr [2 I J (Figure 4.6) 

, 

Figure 4.5 Circuil Diagram ofReceivcr 

I'he AD 53()}" is used because it bas the advantage ()fbeing a tru ~ R\,lS (0 IK: conv~ner 

up 10 0, IV wilh a rna>:. ~rf()rurO,5% (Figurc 4.6), 

'" 



i, ~~ual 10 tl", prod"ct of th~ dl"r!,:~ ~ and ll", J"t"nc~ d oci"'<:cn Ih~ positi'T "nd 

n~galive charges of the atm" This .,hm~n in I'igure 2.1. 

d 
( ) 

0-G 
• + 

liigure 2.1 ~.tTcct ofCllarge on Polar \lolcculcs II 01 

2.1 Polari,alion 'Illd EI~ctTic Susceplibilil) in Dideclrin 

Undcr thc influcnce of an cxtcrnal elcctric field Ihe charge is rerlislribulerl in such a I>.-ay 

thm Ih~ negative d,"rge, ulign themsely", near the pmiti"e plate und th e positiye charge, 

a! thc negative plate, a' .,oown in Figure 2.2. This en-ecl is knl>wn as polarisatil>ll and is 

ddined a, th" net charge Q' per effectiveareu A of plate, (I' = Q-/Aj. 

o 0 + 0 ' net negativ~ ~hargc 
If " 

I ... t + t + t t +l~ allh~ sllrl,l~~_ ~() 

·I'IIilOOI'lIlliJQ, 1 . . 
p 1 : ~~!d~~~[d~ : r~'g(()l1 nln() 

43-Gl f!l£}Q{Il f!lfJ net c IWI ge 

, . .. . . .. . . I~ o ~(Jn - <x lld ncgalivc charge at 
the sLlrl~lcc, 0' · I'A 

Figure 2.2Effect of lolc~tric held on Polar Molecule, (10] 

Atlh" ,wg~ ()n~ ~"n ~asily ,~e thallk gr~awr the d~clri~ lidd llll~nsily E lh~ gr~awr tlw 

polarisation as rlcs.cl'ibcrl by the following l!quation: 

(2.3) 

II 



Xe is the di<"i ec(ric su,ceptihility and" il Figure ofmcril Whl~h dCS<;l;fx;, how easily lhe 

mat~n~1 will he polarised rhe relmi.-" permill,vily ~iln abo bc wrillen III lernlS of 

de~lflc slI,cq'lihihtl" 

(2.4) 

From Equalions {2.J) and 0.4) it ~an be e~sjJy be seen lh~llh e e~si e r th~ m~l~ri~l " 

rolans~d, the larg~r the relat,ve pcnniUivity. 

2.1.1 Typer. of Polarisation 

rher~ arc three Cmllll10n types ()f polarisation: 

l.!.l.l Electronic Polari.ation 

Figure 2.3 Electronic Polarisation llOJ 

Th;, occur;; in all malerials ~nd lS dlle 10 Hldllced dipole moment created lhrough non-

,ymmetrical po,itioning ()f the el ~tron' and protons at any given p()int (see Figure2.3). 

This type of polarisation is jllirly we~k and is a"oci~tcd with thc bclt)ding h~twe en ail 

m()l""ul~s rlOl. 

" 



2.1.1.2 Ionic or Indu,,~d Pularisalion 

0 0 0 0 0 0 0 0 0 0 
,..v 1£\ 0 0 8 '" 8 

0 "' 0 . ~ • , . "-' 

@ • @O ® '" 0 0 '" 
Figu Ie 2.4 Ionic Pol"risalion [ I OJ 

Ionic pobris~lion OCl'IIrS in ionil' compounds wocre lh~ cal-ions anJ an-ions arc allmcl~J 

10 Ih~ oppo,ile charged plale' "hen an eI~clrie [kid is applied. as cun he seen in Figure 

2,4, A good example is lhe declroiy,i< procc<s [10], 

2.1.1.3 'IoI~cllIar or Ori~I1I~liun Pull,risaliou 

Figure 2.5 Orientation Polari>aliunllO] 

Moi~eular pnlarisati"" <xeurs in mut~rials that have permanent dipole lll<)ments, On 

appllcalion of an denril' field, lh~ mol~<'ui~, align lhemselves. resulling in 'lmng 

polarioatiun ("w Figure 2,5). i\ good example is waler mokcule, and associal~-d Van Der 

\Va,,1 force" 

IJ 



FROM BADPASS 
FILTER ---~ 

rODISPLAY 

CIRCUIT ............ ---

-15V 

converter 

an 

to 

+15V 

TANTELUM 
CAPACITOR 

'"''"''LAv ...... ,'"' ... as a meter 



to a at 

Df()tectllon ...... n; ........ '., are connecl:ed to 
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.". 
J " '---;0. 

"" ~~ ''i ~ OOT 

V ~ ~ ~ " ~ HHOO7 == 1000r -r IO OO wf 2 
" 0 

.". 

" 

T lr"?l CF 
I~ 0I<l ruT 

=i= 1 n ,C~ "F 2 ~ 1 rUQ07 

'" 
~, 

4.3.2ICL 7H17 Pow~r Sllppl~' 

'I he "oltag~ i ~ fUl'lher rcgu lalcd to ± 5V lUI llw ICL 7 107 ~h ip. usin g; the sam~ , -al ues of 

~ap acitors and d i()J~ as ill IlK; 1 ran"'lll t ncr aIlJ "-T~l "~r SLlpp l y, 

my; 

" GI'.v ~- I I 

1+ -IO::;DI-lf ~ H.J400T 
1+ 

10)0 <IF 

,., 

" " 
L± if + 1000 10 00,JF 1 t"-J4nn7 

_15\1 

" 
00: <XIT 

Figure 4,]0 Pown Supply to ICL 7107 Display Chip 
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4.4 '''ave Propagation 

4.4.1 A1tcnulltor 

A lI/dll anenmh" i, lI>eJ to r~du~" Ih~ P{)w,,[ ["""i,·"d by lh" lkl~clOr d;od~. 80 as 10 

avoid operating olltsi<k Ih~ squarc loW region. Without using any allenuation ~nJ with 

/~ro all"nLL~lion III Ih~ wa,"~g:lIi,k. Ih~ Jd"" lOr diod" " uri,·"n 10 .", lllwtlOH (\C~ Figlll"~ 

5. I) , Th I S allenllaror rmvid~<t 20dl\ isolation octween the (; un n osc i 1 latm anu the m i neml 

.,ample. Thlls [L-du~ing the relk~lions Ihm' Ih~ sampl ~ "n"~ling Ih~ {)"tp"t pow~r {)i" lh~ 

Ci"llll {) ' Ull"lor. 

4.4.2 llil!;her Orders .'Iodes i n W~, cl!;uidc., 

Wa\'cguiJes can be re~tangula[, ~ir~ular or a vari"ty or mh"r sha"",. Ih~ir appli~all{)n 

"<,,all y d~liJ1e, th~ '" avcgllidc' S panic 1110 r <hop~ 

A rectangular wovcguiue op"roting in thc ti.ltldoment~l TEIn modc was useu fOl' thi.< 

apphcatioll b~",HL.'~ il {)j"k", Ih" ka,l p{)l,ibilily {)j"propaplion ol'high"r ord"r modcl. 

All {)j" Ih" "n"rgy i, ~onc"ntral~d inlo IlK: i"undomenlal TranSVCrlle l!kclI'ic modc (TE In 

4, II and 4,12 bdow. 

- ---
1 

, _ . 

0= 
--

k'!Q' " - "\'" =-, 
I-- j - -, , 

L " ......... 
~ 

.. , , , , 
, , , , 

'" ,- ... _- -_ ... 
, ,,;r - , ". 
~ 

. -_ . ~:e...;,.' , , , , 
- - ""I" - , , eo. T " - - .-.. , -- -

t- . . -- -, 
7 ' 

, 
~ , • , • , ". • " • " " rr"qu",,~y, Gd~ 

Fig"r~ 4, II Anen"at ion of Circ,,1 or (j u ided MO<les a< a I iU nct;on of Frequency r 241 
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., -, , , , .- ., , ., ., , 
• 

, " ., i , - .. ~--.--. , --" ----~-" , , ., ., • " 
,~ , , " " ~ 

Hequency, Gc.'s 

I'igure .t. 12 A ttcnll'Hiun u C R~clangu br Gu "led r.lodes as " I 'utlCtion "I' he,]ll""l'}, [24 J 

Comparing Figur" 4.9 lor circL!lar wawglL](k, ~mi j"igure 4.)2 Jor r~claTlgl!lar 

wawglLi..ks, wilh a r~dan;,'tli"r w~\'" guide lh"r~ is a greater rr~ql!cncy gap I",\w""" lhe 

lilndMn~nlal tllOck and the next mmie th an with a cir~lLl"r wavq,lLid". H~llC~, lh<;r~ is k,~ 

chanc~ ofhigh~r order modc's propagalmg III lll<; n,Clanguiar "avcgl"'l~ 

4.5 Final ]lesign 

I'igl1r~ ' 4.13 ~Jl(j 4.1 4 ,how lh~ JiIl~1 dc"gil "rIlle an~ly8c", Th~ Ir~n8mjlwr, t'eceiwr ami 

AD converter ~"C c~ch etlCa,ed in a s"par~k allllnilllllm bu" winch IS grflundc<] tn 

proYllk shldding from "lnlOspll~ric illlcrlCt'~llcc_ Wavcgllides with 'Xi" bends W"T 

pcnllan~nlly JheJ on Ihe outside of the metal "as~ and" JOcm pilT~ of slrmghl 

waveglLi<k, was u>ed lu 'lur~ the '~nd sample while m~aSUfemem w~re to b" tak~n, It 

,,·as lounJ th~1 tk b~,l way 10 mount tnc wavcgl.li<le with the sand >ample wa, m lk 

lLpright position, as , Ilu'lr:u"d in Fig:llr~ 4.1 6, In t hi, con/igu11n;cm. any air gap" re,u Itin); 

lwm Ih~ ,~nd ,~mple ,e1lling rcsulkd in" minimum change to all~l1l'~lion meaWfClllelll . 

l'i",,~, of Td10n (has a very luw dideclnc 108s tanorl wcre Il"'ct in the straight pi ~~e of 

wavegui<)c and onc or tl.., 90" b"nJ to al't as slupper, 10 avuid '~11l1 getimg i1l10 II.., 90" 

bends and the d~ le~l<>r JlOJe ( ""e Fi>\UlT 4, 16). 
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lilt ,de Vie .. of Min. r~1 Amolyzer 

I 
I "'" 

Front El<!ntion or Minor .. An"rynr 

liigure 4.13 0r1h()6'raphi~ Vi~w of Min~ral A nalper 
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'¥- )1 

600mm 

500mm 

I 'igure 4, I 4 ls()ll1~lll~ Vi~w of Min~ral A nalper 
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Fil:\u,,,, 4_15 Front Photor.ra p h i ~ Vi",,, of ATJal } ~~r 

l -igUlv 4,]6 ~1~lhod of '\h.untmg W~' q;u l<lc Fill ed wilh Minel;,1 S~mI 



Chapter ::; 

5. Experimental Results and Methods of Calibration 

~.l Choo~in::: Optimum Pow~r!O SU]I]I],. J)jod~ 

The graph bduw (Figu", 5.1 ) shows the uUlput vultag~. afkr the band pass lillcr. "ftlle 

d~t""tor dl(xle varie s according to di ffer~nt power inputs (power inputs measured using; a 

puw~r mdn). H the puw~r ~xl"~~ds lOmW. th~ diud~ "tart" tu saturate and nu lu[]g~r 

follow s thc squa re 1;>", characteristics. Thus.;>n opt,mum power input of IOmW in the 

"bsmcu of;> "md ""mpl ~ ,huuld Ix ideal and is ~a"ly a~hiev~d by a lOdB wa\i~guid~ 

altenuator placed in·betwecn the GUtlll diode and wa\ie~UI<1e (see Figure 5 21. 

.. 
• 

. " < • , . . . 
~ , 
,. '" 

" • 

po ... , <.:, ...... " .. " .. , ~ of U "...,'0' 
o ;od • 

Paw"' ...".... (mO'I) 

I:igure 5 I Characteristics of Detcctor Diodc 

Out put of Detector Diode After 
Waveguide Attenuator is added 

" .. --~-.-------..,. 

":~~al , . , . 
"; ~-

10.C,1,Hl }}, , J 

Pow", ,,""' (mW) 

Figure 5_2 Output from All~ mLation 
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5.2 Rc];,t;nnsltip t,..t",e~n Atj~nu;ot~d Voltage lind Perrent;oge of Zircon 

It has been establi.hed that th<.: miu~ral samples cousisl of Zircon (ill, ulalor). Rutilc 

jCon<iuCfor} and U 'uwH'nc (wooLlctor). I nt re ~,-e trac ts (}f (}ther minerals hut the 

perctntal\ts are so small thal tney can he i:gJ(}r~d. Fig",~ 5.3 show" a ~I e"r and dislinc( 

",!;'(ionship bd "'c,'n attcnuarcd R\!S voltage and th e ptrcenlagt (}f Zircon in the sand 

sampk. Thus. a" the' perlTnlag,' or Z in:un is ,ncITa" 'd in l h~ , mllpk, lh~ oUlput <kt~ct~d 

vollag~ i "cr'ea s~" duc (0 d~cre~'ing attenuation. , 

V'~'r' " ........ y, P"''''''r' bUR 

, ~ 

.. '" -- -> " • ' 00 • ' ''' , 
0 ' 00 
> " " 00 

0 , 
00 ' " . 00 

'10 W ,..,." 31.00 00 >0 ''' ., " ""-'" . " 
k<"' M ) 

Thc graph aoove al", indical<;, that "'mpk' "ith Ie" than 31.8% 7,r~on ",;11 exhibit vcry 

high atttnuation, which is approaching tne limi t (}f stnsitivity of the system. H(}wev~r 

ouch tow value" an; of lillk iJll~n;,t lor lhl" 'ysl~m. Figun; 5.4 ,how8 the relationship 

betWeen altt noated R\\S voltal\e and the ptrcentagt 0 f conduct(}r, in tht sampk. 

, w 
'00 

;'.00 
:i' 2 .0 
'1: 2 00 
> 
'" 1 5 0 
:;: '-'Xl 

"0 '"" 
000 

Voltaqe Output \IS. Percentaqe of All Conductors 

"" "0 20.00 07 10 " ".20 

Percentage f,,) 

1 'igurt 5.* CO raph of Vo ltage Output vs. I'trcentagt Conducto,-. and Stmi· conductors 
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O" ce l ~e t~ Lllt~ were () hI3 in ~<.l. tI-..: ' ... ·.\1 ~t.p """" to jioo " si1llrjc and ~c cmalc way 1<1 

(·u lih r:rl. the syslelll. 

51t1c:t' ltl~ ,;mph i" Figu", ~.J jr. II"'h,<1 J. pl,I ~"llomi" 1 fU "Cli<,." it """~ J eci c1 ~1 10 ('nd th ~ 

bc ... Ii I CU',"e". ,,·hich ,",wid ",. i l1lc'T'I\·c~,1 uSong a 1II,, ~ h~lIIat,c.a1 timc!inn. I hi s ... a" 

ad",,~oo ""flb Micrusoft pcel ", .. I Ihc eu,,·c ,~shu"",, i " Hgu,"" 55. ,,·her.: Ill. bcl;~ Iii 

hnc 'S l"~hh Sh1.ct1 in rcJ . 

• ~O 

." 
BO 

• JOO 

! 1 ~,1 , 1 ,',' 
• . ,. 
! ." 
'" - --... 

"" 1 :C 10.10 31 90 ~190 f~ 10 96 fO 

Tn..: jinal , ~~p waS 10 ~rca(c a l oo ~ up t ~ hl c which an i,Jdi,- id".1 may ""~ to tr~ l1,l a le In. 
I'olta:,(c (ji~p laycd into iI' co"·~ '1">1ld illl1 p~r~~ nl"g~ of Zirwn. Tni, t, shu .... ·n III II r~~II (jix 

•• 

" pTOl0lype , n~lnJ",.;nt w,,~ h" iil J nJ dd h·ero:d Itl 11>0: :'IIamlkwa San,J~ S<;p;'r~li .... n Planl 

fl) , ~ >Il!> term "n- sil~ l""lin~ T hc SySll'lTl ""~'S l.,gll...! at Ihe p la" t 0" ,liUi:rcnr <J11oI1 i\.ample 

Ji.)r ~,glll ll101llhs and ' ho\\"N an OCCI" "OCY Ill' I .I%>. 11 a )"" showell I h~ 1 an dt,,-ci J " c to 

J8 



varymg rebtiw humidity W~.< n ~g ligihk. I hus, lhl; sy't~m Jdiv~r~d had md lh~ lLS~T 

requlI'cmenls ~s a quic k ~ tl(\ rc~sonably acc"rat~ mineral analyzcr 

Th~ rql<J[l ['rum thc p l ~ t)l showed that IhI; t~chni que worked well. II(}\\-cver, for a 

.. ' I hey preferred the in.<trumcni to hav~ smalkr Jm1~1l..,ions. 

,. T u m~rls!l]l: tIl<: voltage uf a p~l'licular :;ample, readings h~d to bc Ul~cn at lea,l 

fi ve tim~.< to get the be.<1 ~v~rag~. This was h""aus~ of lh~ rdknions ~ill,,~d hy 

Ih~ sarid 5.alllpk It) lh~ waveguidcs (c.~pIa1l1cd in :>ediot) 5.4, I J, 

1 h~ m~aslLT~menls of v(} llage tah'Tl [(}r a parlin,lar sumpl ~ kd 10 il",unsiskn~y 1:><;1 W"~ll 

colleclcd data, Hcn~c. til(; readIngs had to be takcn al k~st livc tl nlC' to gct tr.., be.<t 

"VCT~g~, '] h, s was \x.-caus<' of tl-..' n.'lle-ctiom ~au ",'J ~v"" af\~T ~n altmu~tol' ,,~, ",ld,'J 10 

lhe in_tmm el1!' The rdlecl",n, wer~ a result of lh~ im~rface (}f lhe air to mineral and 

min~ral lu aIr imp~dan. __ ~ mismal~h~8, This lI1Curl:l isl~n~y in r~ading is sho"n in Table 

5.1 with the Figurcs marked in hluc. 

Table 5.1 r.linern l ("",npo silion (}fSampl~s M~a ' lLred 

Zircon Rutile l.euC()~. Other. voltage voltage voltage , 
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5..1.1.1 Orkntation or '",,'elluid., 

f-,,"" Sample 

Ve1licdlly Positioned 
W~veguide 

, 

I nd View 

lloriIonla Ily Po~ili oiled 
Waveguide(!) 

S~nd ~'m,," 

FrontView End View 

Horilontdlly Positioned 
W~veguide(l) 

FiO':lLrt: 5.0 OriclItution u('WuveguHk 

Scyaal results w<:r~ rccord"d for tll~ y~rI1<:"J and t'", h<>r'/,<l"tai <>rientmions (Figure 5.6) 

()f the waveguide al1d it wa' [oul1d that the vcrtical oricntation ,how~d th~ le",t \'"ri"tion 

in meu,urcd YUllLC". 

5.4.1.2 ]{efl~ctions in wawJ;:uide due tu ,,,nd ""mple 

['lIm=- "'1, Gap 
Z. Ronoolod W.ve 

+-1"'1"".'+1 Extra Air G.p C,.. lod Altor 
Minoral s S. III . [)Qwn 

I 

1'1---OI,ectlon oflnputW ... 

" c 

Figure ).1 I mp"dal1ce Mismatc.h (LO A\lD Z 1 ) 0 f Wavcguide, 

'0 



Figure 5.7 shows a wav~guid~ filkd wnh a .,and sample, When the mmeral (.,and) sample 

is shak,'n. {he "ir gap inu,'ases ilS rile minernl ""'I I Ie:; down , [hi , Cilu:;e:; iI rela{lve phase 

change, "hll'h I, different fmm the phase of the lIlPll{ wave and r" ,l uhs ill retlectl0ns . 

R efkc{lons wi {hm the Wi! veguaic ()(xur and lIlj el' lion If>ek the Gunn diode oSClllator. This 

rcdul'es {he Olilpul po""" oj' {h" uunn dLodc os.cillalor, TIli:; problem wa:; wived by usmg 

a waveguHle isolalor i:>c{W'eClllhe (iulln diode oS'-'111alOr and [he )11Ine" ,1 sample . 

However, a vilriatHl<1 In dClCcll:d power levels e,,,stcd a,l a l'elult of the phas,' of Ille 

,-etkc! ions a{ Ihe ,econd dl :;cOlllinUlty "hangmg as IllC .,and sample sClllcd aml [h" sample 

kng[h ,-,'duc"d. To lwluce the vmiiliions ." Ihe out]Jul :;ign"l level, the length of lilt wavc 

gUIde nceueu 10 he lTlerea,led 10 lllcrea,e [he allenuallOlL lTl [h" mineral sampk, ['his 

variation :; holi id Ix ks, Ihan 1';;; for all in slrument wjlh a reqUIred iJ<;curacy elf Y1. Thc 

ne ,1 :;uh,'ecll()~ (k,crit->e, the mClhod used 10 calculatc thi., lenglh. 

R, 

Wave Travelling In Dielectric Medium (Z,.,,) 

Figure 5 8 Wavc Travelling III DIfferent Mcdia 

To calcubte the length ncedcd, first (he lmpcdm>ee of a wavC travdling in a dlelectric 

<neui um. 7",,,, of IlCrtniHi Vl!)' f., waS found lLsing {he followi ng Equation: 

(S.1 ) 

",here 7w i., lhe ~haral'tLTI8til' impedanc,' of wave travelling in free sp,";::e (wavc 

lrllpcdanc,') and is equal tol20;t = J77fl(" ee Figure 5.81. Thc pcrmini"ity value of th,' 



1111111:ral s~111ple, IS ~bOlll h (llns is til<: .hcrage value lOl of the minerals presenl In Ihe 

sand s; lInple). I kn~e bl,jaIJ011 (5.1) IXX"Ol1W' 

377 
o--=15J.'Xi 

2 .. 1S 

1'1 gure 5." ('ross Sed; Ol1al View or ReclaTlguiar \VavcgUldc 

(~.2) 

The dmradcrislic' Gjualion of a wavc (favel],ng In " wavegllH.k r,,11 or air. Z". wa, 

c:Mulatcd (sec Figure 5 <)): 

therefore 

;. b 
L,. = Lw.- -

)." a 
(5.3) 

<I. b arc dimensiolls of rhe ca.-ity (.\"I'e Fixur~ 5.9) 

.\:.-= wl1w!eflgll! ill fret' space til IO.5Gllz 

c 
A" =7 

). .•. = sroup ",a.-dellSII> 

f is Ihe }requency of I ile \-..-aVe 

c speed of li!!i!I 

Jxlll ' 

10.5 x 10" 
= 0.02);57", 

(5.4) 
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test is to ... ""-t11",,,,1-,,,, ... is 

to 

to J...,J.Jl.., ....... JU is 0 an 
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Chapter 6 

6. Single I\lode Rt'Sonant (':nity n·,hnique 

6.1 Introdurtion 

lil~ M,crowav" Cavlly Pnlurhalion l<;ehlll<Ju~ I]1voh'c, the ,ujll'Tl'OSilioTi of incident and 

refieCleu waves. I ~ a metll c~\'ily of high eomllle";vily. lo form a siamling waVL /\s a 

result of I).., particular eicctromagnellc configuration th,J( is est"hlished. ;In ~Ai~ld 

m'I.~lmUm will occur ~I some point in Ik c~"lly ~nd the H-fidd maximum WI)) OCCur at a 

dine'fl'nt point in thc cavil;.', Placing thc did~ctric at tl.., point of m"Xlll1um fAield 

taclj,tiltes opTimum ll'~~ s h" or energy in lo Ihe dl"],,dric It" 11K ll1~asur~ of Ihis 

<lbsorplion of th~ E fi~ld ill rile dieleLlm thill fom's the haSlS or I{"sonanl CaYlly 

PCJlurbUlion technique, 

6.2 The Q- ractor "I' a Resrmant Ci,.nlit 

In transmislion line tl..,Of}' any \'ulue of impedanc:e is e~sily r~~lis~d as havong 

transnn"io[] hoc charaCll'fistic llnpcuancc Zo terminated with a load impedance of /.J as 

s~en in Figur~ 6.1 hdow[15] 

l , 
• 

z. 

FigLlr~ 6. I TransnllS l ioTl Linc of u:ngth f Tenmnated in Zl 



SHull nrly. minow'I,'e, re sonant ri rcuit, ~"n I:>e represenled In I he f orTll of a parallel R LC 

cirdllL 

l'igllfC (',2 RT.C Rewnanre CirCUli 

The magnitude res ponse of the resonanT cirCllit i, shown III FigufC 6.2. Tilt, !llCaSllrc of 

lhe qualil)' of mag.ll1tu(le fCspol1se is known 'IS The l)-filrTor ;md" Simply defined as (24), 

For lumped circull, llllS be.;omes 

21[,EnergyS/()red 

Q 

w = rOOlwmfrequelicy 
.~'" im/uclanee 
R = ,'"",is/{",('e 

(0,1) 

tn rc"manl c"clLit~ the Q-htctor can Ix measured from the reSOIWI1<' e ~ur;e by taking the 

:ldH b,m<iwidlh \h:J.lf power bandwldth) as lndicated ill the graph l>elow IHg:ure 6.3). 

, 
'" '1:, ., .' 

1 , :I,Otdl{1 

, 
" 

Fi gurt o.:l Measure 01 Q-factor [22 1 
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Forhigh-Q ILln.,,] ~ir<:"'tth~ Q - ra~toroflh~ ,,,r~UlI in EquatlOn (6 , I) may b~ shown to I",,: 

Q w" f, 
2'"m tV' 

6.3 Microwave Resonant Circuits 

(6.3 ) 

.(, = (Y'fl/I""j'I""qu{'nry 

,V ~ frequcllcy change at 3d/J', 

S~ction 6,2 ':k;cribtil circuib that c()nslSl of lump.,,] lfidlL~t()rs and ~apa~it()rs and arc 

only ~ujt",ll0 opcral~ at Jrcqucnci~, b.olow 3110Mllz, At mj~rowavc rrcqucncje~ the~e 

lumped circuits are replaced hy di'ioll;butiw componems, T he advalllag~ with thes~ 

distriblLtcd ~()mpon~nls IS lhat lhey r~,ult 111 mu~h lughcr Q-Ja~LOrs. bc~alLsc cncrgy 

storage i~ much greater in these circuits. 

This ~cction hriefly Iwh into the three main types or microwave resonant cirwits 

toget""r ,,·ith th~ir advantages and di ,~dval1tag~' , 

6.3.1 Micro,trip Reoonant Circuit 

Figurc 6.4 Mlcrustrip R~wnant Systcm 

Thc u,c of Mi~rostnp a, a r~:;onam ~avity 'tnL~lur~ lor dctcrmining thc loss tangent 

ofmir>eral snmple has a number of disadvantage,' 

;.. Th~ Q-factor i~ limited to abou1 ]()O 

'"" Thcre IS an increase in radlatiol1l",s wllh th~ incr~ase 111 ()p~mting jr~~uency, 

'4 



... Pn;cisi(m (','nnttlions arc T~qu1Ccd to conn«1 to \olinostrip at m;cr()wavc 

frequ~TIc;es. 'jh.;s~ ar~ no[ s";I~d [0 opnalions in u mining ~nvirontl1cnl. 

Due!() the disadvantages mem;m-..;d at-ow, I.,.liew_,llip Rn,onan[ CirclLil,,, nOI consi<k;rcd 

further. 

(>.3.2 C"3xial Line Method 

[n Ih" rndh"J Ih~ dld~l'ITl~ "'~tl1pk is placcd in the CeTllrC of til(; coa~ial linc_ ' I he 

rclk~t;()n coefficient amllran_,rn"",,\n ~(l(;fji<;'~n[ (or ~hange rn Q-fadoB and Ii-~qu~ncy 

,hi fl) ar~ nI~a,urcd and hen~e the r~lal j, e perm ilt; vity is C~ Iwlakrl [12 J. The setup ()j' thi s 

circu,1 i_, sh()wn in Figur~ (,_5 

Outer Coaxi~1 
Conductor 

Inner Coaxial 
Conductor 

Mov~ble 

plunger 

1~lcrowave 

~ power 
input 

i,';gure 6,5 Coa~i~1 Rcs()nant Structure 

The advantage ()f!his SYSTem is that c()a~ial struc!ur~s rlo not sutler the radia(i()n I()_"es 

that are chal'aCleri_,(ic ()f mic,",,_,(rip and consequently they haw a better Q-faetor [han 

mic,",,_qr;p, [[oweycr, sincc thc system is us~d t() me~surc a wide range of 1()s_, langems. 

(h~ Q-facwr ohtamed may s(ill not h<; high m(mgh to canoy out sensill\'~ mea,m-,;rnen[s, 

Fur(her. precision conncctors ure ~ls.o requircd to conn«t to coaxial circuits at 

rnicmwav~ frequencies_ 
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6.3.3 Wll .. ~g"idc C<l1 ilY 

Sc.;lion 6.1 noted thot when an eleC(romagnelic field is applied 10 a conducling cavity 

ill<:TC wdl be points In Ihat cavlly wh~>n; toc E-fidd IS "t a maximum. ThIS giv~s " 

respons~ wilh a Q"lhdor goven'ed by Equation: 

(6.4) 

In covity pcrluroOlion rllClhods a dielectric IS placed "lth~ ~"vi ty "l" r~gion whU'~ Ihe E· 

lidd ,,"I a lll"ximum. TIw intmdnnion ofthls dldcdnc <ample ha, two major effens: 

, Fn·queney ,1>i[t - lntTlldn~lllg a did~~lric in~rea<e., the relative remlitti"ity and 

hence stored energy. This in tIlm irlCr~"SeS lh~ w"'Tkngth and thl->fdon; 

d~~rea.,es tIw r~sonalll frcqncocy. I'he shift ill fr~quency i< proportional 10 Ihe DC 

permini"il ), (' ()I' lh~ r~~l I"'rt 01' c()mpkx p<:Hllillivily (,~c' Ch~pl~r 2) and ha, 

b,,~'ll shown ~xp~Till.,.,nta lly with the Tesults ohtaill~d in Chapt~r 5, Section< 5.2 

and 5.3. 

, Q·j'actor and lIttenuation - The p1\;SnlC~ of" did~dri~ al,o iocr~"s~, th~ ~ll<:Tgy 

loss~,. c'ausing a T~ductioll in Q-factor and incr~a<~ in altenuotioll, I'he chongc ill 

Q is invl'Tsdy pmportiOll"1 to lk diekctri~ loss factor f", and the attenuation IS 

diTe~tlJ proponional to t h~ diekctric loss tactor f" (rcfer 10 Fi gu re 6.6). 

it-"'f -----r ------ . Reference 
Le"et " o 

Empty 

~\~ 
=~--->. 

Frequency 

I:igu rc 6.(' Resonam Changc> Due 10 illirodlLclion of Did~~lri~, S"mpk 
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By m~usuring lh~ chang~s ;11 ()-factol' and frequency ,hill, Ihe wrnplcx pcmliltivlly of 

>amples can be mea,ured. 

There are a , ~riety of ,haJ."'s III whie 11 v.,uvcglllJes resonant eavi ti~s call n i sl. Thi s thesi<. 

h.,w~vcr, is concemed with "nly the Sitllp1e>l of Ihem. Tl....:,e are eylmJrical alld 

recta n)!. U lar ca "i ti~, 111 th~ir fundamental mod~,. 

6.3.3.1 TEu LI Circulllr ell., it} 

i"igure G 7 ,hows Ihe E-lidd of a qhndTKal cavily ~,ciled in til<' fllnd~mclltal modc, This 

i, th~ TI,,,,,) rno.J~, which has an e-tield maXL111Um "long its velllral u~". For d"lici~nt 

~nel'gy transfer, lh~ didcctne , ampk" placed "long this axis ~s "'own in rigurc 6,7, 

Cire 
C. 

" ., 
vitz 

tnput ~ -

----
~ • U , 

~ 

, 

Coupting 
Loop V 
Output 

Test Sampte 

Figll[\; 6,7 j bll" Cin;lIlar 1{~>OlMl\ C~vity 

The dimension, of u Clre,u lar cavity at a pmt icu l ~ r resonant lrcyumcy Iop~raling in l'E ,,,,) 

nm:le is c~lc\llatcd using lhe lollowillg ~:~\lalion r24'I: 

d' [ -, z-j (6.5) 

Where, "lh~ sp~d oflight.d is th~ diameter of the virvlllar cavity. ! is lh~ nlLmb~r of 

tung~lliial flLll pel'iod,_ III is th~ r~d",1 1",lf peri(><.is and 1/ is til<' ax ial half period ,'aria lion 

offield, x/., i, th~ nuh mot ofH(xHI forTE modc, [24. pgI95], 
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--------- , 

Field 

Figure 6,S TE,,,,: j{~clanglliar j{~sonant Cavity 

The tlimcnsi(}n, or a r~clang:ular c~vily for a particular reoonanl frequ ency operating in 

IF"" mode is calculated using the tollowing f'qu"tion [25]: 

(6.9) 

([, b "re dimell.,;oIlS o.f lire cavity (we Figure 6,S) 

j, I"~ rh e cW-()JfJiTllu"!O,,y ()/c"vit\ 

"'peNt oflighl 

which rcd"",,, to Equation (i>, 1 0) for '1'1"" mot!e' 

(~,lO) 

2" fur {h e Jimdamenwl ",ode 

1'01' Jimen,ion a and b the ,tandart! dimcnslOns fur re"l<Ingul~r waveguiJ~s can he use(L 

as ,hu"'n m /\pp<:nJix i,', Dimension d, can be fou nd by lind",!; the phase vdOClly 

(ilence waveguide wavclc~lh) usmg Equ~ti(}n (6,11 )1151 
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me configurati,m ill hgure (,,14 ,I"", .. , "'''' of tile "mplest ways to couple lilto a ~avity 

lor buth lransmlltlng and r~cciv,"g signals, Changing the or;enTa1Lon of the coupling 

loops 01' .arying the dim~nSlol'" ofth~ loop .ff~cts th~ mput al1d output imreLial1ce ofThe 

n;",n"lIc~ ~avJty. 

6.5.2 Ap~rlur~ C"uplill~ 

Thi, in"uh~~ c'uupling the: "'"Ye:8U](ic with ,;n,"11 :;Iot, ",Inc,h allo,,' inje:~tlUn or power 

into the c';lvily and the extraction of P"w er from th~ other side (Figure 6.15). ('omhinil1g 

th~ inJu~llY~ and c-"pacLliYe apt.:rtun;" ,huwn in hgurc (,,15 a ami h give, rise 10 a 

resonant apenute shown in FIgure (,.15c. I,'or reS'>lIllnT ca"Lli~s haifa wavdength long. 

th~ ape rtures "c-l a, a band-pas> 1111e'l. e'nabling unly lhe freque:ncie:, whose "avelcnglh is 

related to the cavity length to pass. I hese apertures arc Optilllizcli ex[><'rimenTally 10 

achi~"e lhe b~s( Q-f .. "lor l25], l26J , 

-
a Inductive 

-

--
c, Re$onant Aperture 

T 
~ 

T 
l 

I 
-'=<=-

Figure: 6.15 Aperture Coupling 
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TIle Q-factors of the emply (loaded with drinking 'traw, and no sand ;ample) cavity wa, 

11le",ured "' 1500. \ka'lLrt-'fll~nlS wcor~ l~k~n using pur~ Zircon samples and it wa, 

disco\'~n;u lhal lh~r~ was ~ hug~ ~hang~ in bolh resonant frequency and the Q-faetor_ 

when the mineral ,ample; were placed in lh~ r~,onanl ~avily. 

O_fo dOl of $~n~ $ dlnpl"" 

1_"" ~rc", _ '" ' IT,on 1 

liigure 7.4 (;raph Sho.,.,.ing r.1agniluue Respon'~ of96% Pun; Zlrwn Sampk 

1'11U', only relatively low loss Zircon sampk' lhal w~n; plLT~r lhan 95%, wuld be 

measumj (sec figure 7.4i, The rest of the sarKI s~mpte, had resonant frequencie, below 

the cut-off tI-equency of the X-band w",'eguide cavity and could nol be mWl,ured, In 

order lo r~<iu~~ the ch~ng~ 111 the resonant frequency arK1 the Q-fador it 18 nece""'"y 10 

]-educe the coupling of the cavily_ This could be achieved in -' way" 

:.- Chmlge th~ posilion of the insntion hok to b~ nWlr lh~ ~dge or tlw cavity ;nstcad 

or the C'-''11tr~ to achle, ~ the kasl amount or ~n~rgy transfer possibk. as shown in 

l'igure 7.5_ 

, , , p 
, 

~' 
IlIbe I" " od Of the odge of <.oily 
to .chjo"" leu energy ".nster 

Figure 7.5 Posit;oning tube for lea,t energy tran,fer 
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Th~ \lnll'ad ~d ""sonant fr~q ue ncy of th~ cavity is shown Ixlow (liS ing l'quati ,'n (6. I I )). 

, , , 
._ = -- +--
0) " ,, " ) ' A, r., 

) ) 
= - ---- -+- ----

A., ( 36~ 1 0'J ' (22xl0') ' 

l " = lH7.7220034xIO-' m 

; ; = ~ = I . ."% I on I lUff; 

" 
where: c = .lx I II' m i s 

Figure 7 7 Rectangular Waveguide Resonant Cavity 

' I he SlmC!urc w'a< coupled using copper coupling loop< of l(lmm diameter connected m 

B:-..JC ","k~l ' (>hown m Figll"; 7,7) 10 OChl~\i" a Q-Ja~t()[ or 1650. Tk m'~r1ion hoic wa" 

mQ"e to Ix 5,5mm in diQtn~(el'. Til<: wall thic kncss Or(ll<: lUbe containing the >a n" >amplc 

was aho ut O, 25mm (drinking <trawl. re> lIlting in the diameler of the sand "ample k ing 

5.lIml11. 
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10mm Diameter 

T;~:;~~O~' 
FiglL'" 7.8 :"1cthml of ('ouplmg 

Although th,: ubov~ 'yskm wa, able [(l m~a"Jr~ all of the sand , ,,mpks availabk. li-e 

~oLlphnt! wa, too wl,,,k tll renmi signJfi':~l1t ('Mal1ges between mineral >amples. ThL", ll", 

dimn~t~r of lh~ inser1ion hoI<: wa' il1LTeas.e d lo 12mm and a 121111)1 diameter lube wa~ 

used, This showcd signific ,Hl1 Jlnprovcllll'nt , The J'l'811its and tbe intcrpretation of tbe 

gmph, ohlaim:d arc dis('u"cd in tile l1C>t Chapter It " eVJ(ienl that ~ small~r cavity 

operating ut a fre'lllCTlL'y of ubout .'GHI wOLlld have resull~d in oplimum COLlpliTlg or tll<: 

mlncr~i samp l e~ wnh a 11li)C dlamcler of 5.5mm. lJowever. the phySical size of the 1.5')8 

Gllz CJvity W,1S acceptable' for the Jpp lKMion and there wJS a 8igluficant advantagc to 

using a 12mm di~mele r tube to "void clogging of thc , ,\11d s(lrnplcs in humid condition" 
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j'he relativc pcrmittivit) ofcach mincral \\as plo\1cd un a c()mpkx pia"," ill urder to gd U 

t..:tter lIlldlTSlalldillg ()f lh~lf de<:lricul proper1i~s (sec Figure ~.1). Th~ I'igme indicatcs 

thar Ihcr~ is a geculer difk"enc~ inlh~ I()" fadur of th~ mlll~ml Ihull lhere was ill their 

didectric con,tants. The", mea'lLfements imlicate Ihat it ,",oul,) be bcttcr 10 scp;l"at~ 

mlTl~fab by m~"SUnll!,: IIl~ ~Ilange m Q- I' a~IOf mIller Ihun ~Ilange in fesonalll fre~lLCTlc y, 

II CUll "I", b~ ~oncludcJ Ihul ,illC~ llm~m l~ is a vcry lo",y malerial, tbe presencc of a 

rela!iYely ,mall amount of IImcnite, in a lmOSI I'll'''' Zircon would hav~ sign ifi ca nt ~n(:C1S 

Oil lh~ 10'" IUllg~nL !-Iowner, Ilmenile is ll()rmally pre,enl in very small quantitie, and 

should not aft(:cltllc 'Tl<:aSll"cmcnts t;lkcn 

Propertiesof Minerals on a COf11llex Plane 

illCIL 
! 

I 
! 

i 
! 

! 
! , l 'II~;·riil. , i ; 

0 I I 0 , 
! i , 

0 i COJ 
i ! 

, , , 
0 I Rutile ~ 

x , I , ~ II , I i 
, 
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~ ! 

I I, u 
I • I ' I ~ , , I 

, , , , I , , • ill • I , 
i • , 

0 
~ , 

I, fi,rcT , , 
i , 

0 1 2 
-

4 5 6 7 8 . . 
Dieletric Constant 

I, igme KI Mineral Plane 
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8.3 Sa mple T est U~i II): S.Smltl Diunletcr I n,crtion II"k 

Thc samples given by ""'n~kwa S~nJs WlT~ in lh~ form of powdered <and with different 

mincnl content> in each sample «ee table H.5). I he JXlwdered form mtroduces a lUl ofal r 

intu the sampk as compar~J lo ~ solid sampl~. Hcnec. the r~l ative pemlittivit: of the 

puwJ~r~d form would he le,;s ll)an rl)at "f a solid chunk of mineral. 

I ahle 8.5 V\ineml Con'posillUllS of S~nd Sampl~s 

!\Iineral contenf (·/~I 
Zir(Oll Rnlile Leucox~ne I1meni!~ 

99,70 !I.20 O. I 0 O()() 
nile JJ )(<).)(6 1,05 .1.15 (U5 
'nk 34 70,55 1,.17 (,. I (, O.J4 
ttlie 37 bl>. I I I I ,'If> 1728 I ,<)9 
mie O,l 62.46 17,30 16.13 1.1 b , 
u.·! 4 58.3,'( 19,<)4 I )(.2 I 1.16 
mic 27 ~6.27 16.51 21.63 1.53 
mkOh 47.88 2').34 INn I .-'4 
mi.· 411 47.74 20.51> 200 2.00 
net 5 44.<Xl 27.50 24.70 0.(,0 
"ct (, 37,20 .16.00 23.5(J 0.90 
IIcf 7 27.16 3<), I 0 31.34 0.60 
"c! 8 2(J,70 .~0.45 25.83 I,SO 
"ct ') 14 .. ~0 51,50 .1 1.20 (J,90 
lI(t 10 2.70 6(),OO 29.30 0./0 

i\ probkm ~ro s.e when packIng the "-'Ilnpk in lh~ lns~Tliun tlLbe. rhe more densely 

paeked the mincrals. the great~r lh~ p<:mlitlivity, adding to variatiOll> in re~dings lak~n, 

Th~ ocst solution to this wa< to gcntly tap the sampks lo h~ me~'lLred: allowing the air 

gap' to be ililed ~nd greatly improving lh~ l.onsist~nCj of re~di ngs, 

Figure H.2 <hows the cJli:ClS on Q-j~ctor for different pcrcentagc, of Zircon, From lhi, 

graph il C~n h<; seen that tr.ere i, not a di<tincl rdMion,hip bdw~~n Q-I"actor and the 

variation in tile P<'rccnl~gc of Zircon. This i, hemuse the ,i7.e of the ;n<ertion hole wa, 

tou SlTI~lI and thus tile effect of inscning the sampks inlo th~ cavity was too ,mall. 'I'll<' 

"",me can be conduJ~d li)r tf>;.; fre'lueney <hilt and aUcnuation ;,'faphs shU\\iIl in Figllr~s 

S.3 and SA. 
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(:.:aph or Q-f.''''0r " Po r,"nta~. Zircon H,jD~ " 

~.~""" n;~",e '"" It ... " t1ion Iiole 

• I 
-~ 

~7.3 3~.36 B~.O. 70.55 6n.3o 66.11 6 •. ~n 62.46 

z;,C<>~ ( '/4 

figure' 8.2 Graph 0 I" Change' III Q-tilClO. tor ditkr~nT p<.;rc~nlagcs of Zircon 
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Figure H.J Graph of Challg~ ill Allellualioll for differenl percenwges of Zircon 

G"'ph oITt ...... I, .... q'k!'lC~' ' . " I't'W "Ia~< [J""", l.,i"~ 
5.5mm [)iamet ... ln,.,1;o. flo!' 

, '~ 1 , 

'. • , i I 
I • • 

",5 , 
I 

1-.'" *' 0' '0" *' ~, i' ~<o ,,<0 ,C- * ,\' .," ,<0 
~ # (;' ~"' . <o~. c& <o~ <0'1- ~. 'Y ,;,. ,;,. w ~ 

u'OQn ('!OJ 

• 

Fi gure 8.4 Graph otThangc in C~nlrc Frequcncy for clirrcrcnt pcr<:cnlag~s ofhrcon 

72 



8A S""'ple Test U,ing 12"'111 Diametf'r I n'~rt;on Hol~ (and a larg~r ~"l11ple) 

In nrde; to achic"e inCl'c'ascd c"upling the siz~ nj the In<~r!lnn tuhe was iocreased to a 

12rnrn dian"'l~r. Th~ m~a'LI"'Jll~nl' WCrC fcpcaled and thc gfaph of Q-fadof fesp"nscs " 

shnwn inl:igu re~.5. 
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Q-factor \Is Percentage of Zircon in sample 
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Zircon("Joj 

Fignl'e 8.5 Graph of Changc In Q-tador for JifjCr~nl p~"'~111ag~1< of Zlrwn 

From lh~ graph above a dislillCl con-elation can he made henveen the Q-!"actor atod the 

pefcentagc of Zircon. This c"rrdation i, good when lh~ impurillC> ar~ pr~domlllanily 

Rulil e and Leucoxenc. The ",mples highlightcd in hluc, In table 8.5, were delibcrately 

addcd to show llml if the p<:r~entage of lImenil~ "g:r~at~r lh~n 1.2% it ,,--iii "gnificanlly 

increa,~ the I"" tangent and canoot hc igoored. This is in Figufe H.5 (cil~led in fed). This 

make, it very dillkull 10 Jind a ~kar rdation'hip JOr ,ampl~, whi~h ~onlain m()[~ than 

1.2% Ilmenite. 

On the other hand iflhi, en",,! i, n;moved. a simple cxponcntial de~ay tl'cnd line can be 

dmwn. Thi, CflCd is shown in FigufC 8.6 whcre th~ ~onlaminal~d "ampk, w~r~ r~mov~d. 

7) 



" 2 
u 
~ 
0 

Q-factor vs Percentage of Zircon ( excluding samples 6, 
37.40) 
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pr~,enl and when they are not. 

_._----_ ... _--_ .... _- -------, 

'000 

'"00 

"00 
,~ 

" 
~ ,~ 
~ 000 
0 

000 

tOO 

'00 
0 

Q-factor Vs Percentage of Zircon in sample 

I t 

~ 

99.7 69 .9 70.6 06.1 52.5 58.4 o;;.~ 47.9 47.7 449 37,2 27.2 2;:).7 14.5 2.7 

Zircon(%) 
~--------- - ----" 

Figur~ 8.7 eraI'll ofB~sl rr~nJ Line lu Repreo;enl Oat" 

74 



" E 
" ~ 
0 

a-factor vs Percentage of Zircon { excluding samples 6, 
37,40} 
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Figurc 8.8 G raph orbes( tit Trcll<1 linc (0 RepT~S~JI( DalJ Excluding Conlaminal~d S"nd 

Samples 

It was furthl-"T obsl-"Tyed Ih"1 th e l:c~lLatlon of the line t(lUml m I'\gure H.H was far more 

simple whell Ihe conTaminalcd samples were refllO'·w. compared 10 the E~u all()tl in 

Figure 8.8. 

Graph of Cmtre Fr"'lu,,"~y v~ P<rrentageZircon 
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Fig ur~ 8,9 Graph or Change in Centrc· Fr~~lL~llc y tilr di ffemnt I,.,rc~ntages of Zircon 
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I h~ increas~ in \'olum ~ of th ~ min~ral sampl~ greatly impro\'ed the cOllpling and the 

consequent effect on Q.f:lclor. Clearly there is not a good corrcl;llion between centre 

frequency r~;Hjing and percentaf\e I'ircon (Iiigur~ ~.')). I he area circled in purple shows 

an "ImOSI flut lin~ whidl cle"rly mdicm~" thm fre~UellCy change meaSllrCnlCnlS wlil 1I0t 

be "ble 10 Jislmguish betwecn s~nd s~mples of v~ryit\g Zircon content. J'igul'es 8.10 

shows an improvemel1I in attenualion mea'lIT~mcnl' with 12mm di"met~r sample. The 

effecl of Ilmenne comommated samples is also seen (cll'cled in led). 

Graph of Attenuation vs Percentage Zircon 
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Figure g.1 0 Ciraph of Change in Attenuation tor different pcl<oent~ges ofZilcon 

8.5 Conclusions H"sed on Results Ol>tained 

The resonanl ~"vily penurb"tion te~hniqlLe pmved 10 pmvid~ an acceptably accurale 

measuring technique to ,hslinguish kt'Ween difJ"renl pcr~~ntagc, of Zi",on in ,amples. 

R~pc"tabilily is al", consistent, pmvided th~ >ample' are tapped gently to r,ll most of the 

air gaps present. The effects oj' adding lllcmnile ~re shown lo chang~ w"ding' 

appre~iably where it is mor~ tha n I 2% of the overall mix. howe\-er, lIknlnite i, not 

norm~lly pn.:sell1 In large amoulll, aDd ,holllJ not have any signifi~ant cffe~ls. A dear 

~orrelation f>etw~~n the Q-faclllr and v~rying p~rcentag~ of Zil<oon is shown in the timn 

of an ~xponentlal occay CUrve in Figure 8.8. Figure g.9 al", indicales lhal an] r~aJing 

76 



l~ken to mea.sure the d' e lec'nc con>!ant 01 d "ample by mcasuring the IrL'{lu~ncy slull I" 

nol " reliable me ~S'!1'e of the peiceillage of Zi rcon ,,1 a ,~rnl'k The ullellualioll Lun~ 

"ho"'n ]]1 figure 8. 10 reprt'.' ~n1' il I:>euer corrda11On ",ilh pe rce ntag~ of Zircon. although 

Ihe Q-fac tor measure",~n( ",a.' mOrC "(Cmale. Howcvcr. ][1 rnine oper"tmg Lomiilions lhe 

perL~"l"g E olll]]]cnilc is nonnilily k;" than 1.2 percent. 

rinal conclnsion.' and comparison, h,'twcell lhc allCnu<Llion rne i"ur~rn Enl SYSl E]]] 

JC.'crihed III Chapters 2 1n 5 imd ""'manl cm.' ;l". n", 'L'ur~ ment. de"-Cri hed III Ch~plN 6. 

are m"de 111 Ihe ne~1 Ch;lptcr. 
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Chapter 9 

9. Cond\l~ion und Rl'rOmn1l'lUlalions 

Tills Ibesis Il"s invest'g"ted two minO\hlVe measming tcchnique;; whlCh wc.re. tcsled On 

various Illine.nli sand ,alllple~ I'f{widcd by l\'amakwa Sand,; \1ineral PrOCe,%IIlg 

C()mpan y. The , ;,ml'le,; contained Lircon proouCl with [WO major ,mptll'itie&. Rutile, and 

Leuco.~cnc, It \\'~& found thar IlIllC.nJW has a vcry lugh 10." Langcnt and if It" prcsenl wllb 

morc lhan 1.2%, it produced cnors in [he Illca.,urenlC.n' ;;ySLCn] willch b~; becn callhr~wd 

for Rutilc ~nd Leuco~enc l1"pUnll~., . 

T1Je first 01' rh~ two meLhods, mocmw;,\, c "t[eml;ltion tcrhnHjlles , WJS considercd because 

of liS simphClly, An opcratlllg flwjucncy of jO.SGH/ w~., dmwn for lhc f()llo>'mg 

reasons 

y C()mponent,s werc re;,dily availab le "t minimum e.-..pc[)sc,. 

, TIle range of atl enuarion meaSliCcments "a& [loom 30dB. ThlS was an casily 

manageable. dynamic r"nge 10 achieve using a s'lmple de rect!»' di()de wllb good 

accuracy, 

A Cunn diode o>cillator " 'a> u>ed to tran>mir the ope rating IJ'CqlIC!KY 01 jO.5Gjjz and 

was modulated to j KHz pl'Oducing a j OV square wavc supplying a cun'cnt or 60()Il1 .. \, 

The receiver made u>c of the Schottky low-levcl detecmr operating HI the ;;quare iaw 

reg"'n, 'I he vollage OUtpUI w"s read u>ing the lCL 7107chip (AID convcrtcr) and 

displaycd on a LED SCrCe-n, Thi ~ Sy ~ ICno Ihowed a clear LOrre l~ti"" between altcnualed 

vollages ,Hld Lb e l'ercen tOlge or' impur it ies in the sand sample. ohowing an accuracy of ± 

3%, Ihis method [II so indicated that chungc in relativc humidity had in;;igniticam atlcn;; 

on lhe mea&liCCment& taken. Thus all of the II.Cr n..'{j\l1reme-nt, wCrC InCL. However, 

lccdback .ndicatcdthm rhis mcthod did not pnwlde COnSbLCnl re~ding., when me-a'tLred 

Thi, ,,'a, a direct re'tLlL ()I' the reflecti()n,; fr()m Lb e inlerface betwcen rhe air to m'llleral 
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sample. In nnJcJ In redLKe the Incon",lenC} lnlhe me<\,ur~ml'nLI a long "~"~guide w<\o 

re'luireLL This ~nsur~d that the rdk~1.JOT" from the .'e~OTl(i miner,,1 10 :lir inlerface wa, 

.,"ffic'lcnlly ~ll~nua[~u to ha,,,, a n~ghgllJk dku On lh~ ",~a'lLre",~nb. Hrmever, the 

long waveguidl' resulted In ,in un<Kceptahle large size of the instnlinenL Therefo re" larf,~ 

nutnl>er of readings had 10 Oe lalen ~nu ,lTl a "~ra!?e f( 'U[I(] 

A .I l,cond IllethGd. re,otWIll cavity pcnurtxl1i OIl tee hn i'lue, w"s eon,e'luenlly Ul'\'~ I"p<:u in 

oruer 10 lJllPW'T the COn\lq~ncy in T"arling, and reduce' the ,lIlillyser' s physi~al Sl1e, A 

L5~S Gllz rl,ctnngillilf wil\'eguide ~a\-'ily ol)Orating ,~ TEl", rnoue wa.' cho'~n allu Ih~ 

system was excil.~u u.'lTlg coupling loops. Th~ rl""ull Ohtallll'd showed a f,rem 

][npnWemLTll In the con,i.llen~y of the re:;ulls recorded, 'j he reSOnJTlI ~avily 1., al", 

.,uhslanlially slTlalkr lhall Ik ,,'a,'~glLldl' ll,ed in the attenuation ,ystem, This a""lyser 

,,'as al SO ahle 10 calnLIaI~ thc ~om!,l~x p<:nllllln'lly of [h~ , 'an roll.< Jlllnl'raLllTl the ,nmples 

provided. 

fhe experimenta l data oIJlaineu funlln inui~al~u lilal,f Ilrn~ll1[~ wa, pr~"~1ll1n quantities 

grca l~r lhaIl LY+, lkn II ",.-ould have "gnlficant effects on the readings l<1ken siTlce it i., 

an nlrnlldy los.I)' makrial. 11 wa, also found that any microwavl' syslem tllal m~asllreu 

the uiele~trLc constant a., 0p)1o.,~u [0 ui~l~clric loss faclor woulcillOi "ork as there "'as 

not mucll differen~e t>elween [h~ ui~l~dri~ ~ons[anls of lh~ min~rai.< 

As a result of Ille filluings anu conclusions of lhis r~p<lrl. [h~ following rccommendalions 

ar~ l1lad~ 

... A major problem with lh~ miclllwave ,nknu,ilion I.~dllli'lll~ am", from lhe 

rdlcclions at th~ au 10 min~rallntelface, This ~ollid he elil1linal~uusillg a ""~~p 

oscillalor a., oppo.l~d 10 a Iixecl oocillalOr and aVl,raglllg th ~ meaSllrel1l~nl.' c,.-n 

tile I'reqllen~y rmlgL 

... Furlhn Sludi~, .Ihoulcl be cillTied out in order 10 und ~rsl allu 11K hy:o'wscopic 

n;ilure of Ih~ sampk lillU lh~ r~lalionshlj) of lllholLncl moi.ltllf':' coment and relalive 

humi(l!ty. 
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1.28 44.72122762 

0.92 35.51406650 
0.93 35.76982097 
0.94 36.02557545 1.34 
0.95 36.28132992 1.35 
0.96 36.53708440 1.36 
0.97 36.79283887 1.37 
0.98 37.04859335 
0.99 37.30434783 
1.00 37.56010230 
1.01 37.81585678 
1.02 38.07161125 
1.03 38.32736573 
1.04 38.58312020 
1.05 

1.48 49.83631714 
1.49 50.09207161 
1.50 50.34782609 
1.51 50.60358056 
1.52 50.85933504 
1.53 51.11508951 



e e 
2.02 63.64705882 

1.60 2.03 63.90281330 
1.61 2.04 
1.62 2.05 
1.63 2.06 
1.64 2.07 20 
1.65 54.18414322 

54.43989770 

1.70 55.46291560 2.13 
1.71 2.14 
1.72 2.15 
1.73 56.23017903 2.16 
1.74 56.48593350 2.17 
1.75 56.74168798 2.18 
1.76 56.99744246 2.19 
1.77 57.25319693 2.20 

.79 

.80 
1.81 
1. 
1.83 2.26 
1.84 2.27 
1.85 2.28 70.29667519 
1.86 59.55498721 2.29 70.55242967 
1.87 59.81074169 2.30 
1.88 60.06649616 2.31 
1.89 60.32225064 2.32 
1.90 60.57800512 2.33 

60.83375959 
.92 
.93 
.94 

1.95 61.85677749 
1.96 2.39 73.1 0997442 
1.97 2.40 73.36572890 
1.98 2.41 73.62148338 
1.99 62.87979540 2.42 
2.00 63.13554987 2.43 
2.01 63.39130435 2.44 

-- ""-- ----""----------------



e e 
74.64450128 88.65894040 

2.46 74.90025575 2.89 88.99006623 
2.47 75.15601023 2.90 89.32119205 

75.41176471 2.91 89.65231788 

2.55 2.98 91.97019868 
2.56 2.99 92.30132450 
2.57 3.00 92.70105263 
2.58 3.01 92.91157895 
2.59 
2.60 
2.61 
2.62 

2.66 
2.67 
2.68 1 
2.69 95.22736842 
2.70 95.43789474 
2.71 83.02980132 3.14 
2.72 83.36092715 3.15 
2.73 83.69205298 3.16 
2.74 84.02317881 3.17 

2.81 86.34105960 
2.82 86.67218543 
2.83 87.00331126 
2.84 87.33443709 3.27 97.46257174 
2.85 87.66556291 3.28 97.55123104 
2.86 87.99668874 3.29 97.63841846 
2.87 88.32781457 3.30 97.72413400 



3.74 99.47272364 
3.32 97.89114944 3.75 99.48453125 
3.33 97.97244934 3.76 99.49613664 
3.34 98.05227736 3.77 
3.35 98.13063350 3.78 
3.36 98.20751776 3.79 
3.37 98.28293014 3.80 
3.38 

3.44 3.87 99.61044941 
3.45 3.88 99.61962816 
3.46 reater than 3.88V = 100 % 
3.47 
3.48 
3.49 
3.50 
3.51 
3.52 
3.53 
3.54 
3.55 
3.56 99.22560704 
3.57 99.24105461 
3.58 99.25629996 
3.59 99.27134309 
3.60 99.28618400 
3.61 99.30082269 
3.62 99.31525916 
3.63 

3.72 99.44850176 
3.73 99.46071381 



1757.44 

uct 5 1757.67 

14.60 13.80 14.50 
14.10 14.10 14.50 

-------- ----------------. __ ........ _- .--.. _. 



uct 1 1.59 1.59 1.59 1.59 

1.59 

mic34 1.59 1.59 1.59 1.59 

1.58 1.58 

1.58 1.58 1.58 

uct 5 
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Isions, 
in 

TEol 
A, -_. British " .............. Power 

E.I.A. . .. 
'l"""la,,"~ 

type type Width Depth Gels range, Gels ft kW 
WG1 WR 1800 18·000 9·000 0-327 0-41-0'61 0·0334 115,0~ 

WG2 WR 1500 15·000 7-500 0·393 0·51-0·75 n-nd~A AI; nnn 

WG3 WR 1150 11·500 5-750 0-517 1'61-0-96 1·0614 45,000 
WG4 WR975 9-750 4·875 0-605 0-75-1'12 0·0807 33,000 
WG5 WR770 7·700 3·850 0·765 0'96-1·45 0-120 21,500 
WG6 WR650 6·500 3·250 0·908 1·12-1·70 0·154 14,800 
'lLG 7 WR510 5·100 2·550 1·154 1,45-2,20 0·222 9,300 
WG8 WR43Q 4-300 2-150 1·375 1'70-2-60 0-286 6,500 
~9A WR 34() 3·400 1'700 1·737 2-20-3'30 0-450 4,200 
VljQ10 WR284 2·840 1·340 2·080 2·60-3'95 0·555 2,800 

WG 11 A WR229 2·290 1·145 2·579 3·;.In-d·Qn 0·750 2,000 
WG 12 WR 187 1·872 0·872 3·155 3,95-5,85 1'047 1,200 
WG 13 WR 159 1·590 0-795 3'710 4,90-7,05 1·259 900 
WG 14 WR 137 1·372 0·622 4·285 5·85-8·20 1·700 620 
W.Si15 WR 112 1·122 0·497 5-260 7'05-10-0 2·338 420 
WG 16 WR90 0·900 0·400 6-56 8,20-12,4 3'24 250 
WG 17 WR75 0·750 0·375 7·87 10'0-15-0 3'92 205 
WG 18 WR62 0·622 0·311 9-49 12'4-18-0 5-21 145 
WG 19 WR51 0-510 0·255 11·57 15-0-22'0 7·00 95 
WG20 WR42 0·420 0·170 14-08 18-0-26'5 10·9 52 
WG21 WR34 0·340 0-170 17·37 22'9-33'0 12·8 43 
~22 WR28 0·?f.3() 0·140 21-10 26-5-40'0 17·3 28 
)Y~3 WR22 0·224 0·112 26·35 33-0-50'0 24·0 18 
WG24 WR 19 0·188 0·094 31·4 40'0-60·0 31-3 14 
WG25 WR 15 0·148 0-074 39-9 50·0-75·0 44·7 8 
WG26 WR 12 0-122 0·061 48·4 60'0-90-0 59·7 5 
~27 WR 10 0·100 0·050 59·0 75-0-110 80·7 3·8 
WG28 0·0800 0·0400 73·8 90'0-140 113 2·3 
WG29 0-0650 0·0325 90·9 110-170 154.00 1·5 

~iti I n·n .. n 

0·0255 115·8 
~ 

225.00 

~ 0·0215 137·5 286.00 0-
0·0170 173·3 ??n-~?I; 405.00 

-------. --------------------
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A ~nrp"l· \ .. ~ ,~ gu,,1r jha j j , to IJo, u,eu In ~·'>T1t':l! n tile .YOU .8 tn oc pl :oc.ed helwc~n III ~ 
tr.Ul,m,I1CT and re .... ·,' er ... holO.ll al"t.n (; 
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2. pill \';~ w:~urdc unti l" 11<:.lf> (,I" "wli/or"" al Ih" moulh (5~ hdow). 

J. Hrl ,, ~ ,,'gl.lld,' Of) II rim hard ,url:lo;~ 10 ullo\\ Ihe ':Olll~nh I" selll,-. (NOIt': dB IWI 
u o;c a sur r,.",; 111011 nm nb""rb "0.1 ilnllad, this will nt1"t:ct the (o"lent ~ 'IIld Ill" 
fi",tI ]"t'.~u lt~J. 



..\. The total volume of the sand \vill cI~Clease (,~e helow). 

Add mMe off Ihe ;;ample In the wawglLu]e willie hUliTlg lh~ w,n·eglLlcie fn] [he tabk 
ILlrface 



5. Wh~n lile' wawguictc is companc,d c'nough Icave a hcap of sand on (he moulh. 
(Di,ndion l11u,j he ",ed "hen determini"l;!: ho", compact the ~and k 
Ho,,'e>er. r"n~i,tenc} mll~t 1>(' maintained fflr all sampJ~ r~adjn~s.) 

(J~ 



6. In,,,n Ihe wa\'~glljdc into the II]1 it (Now, lnSCl1 the w""eguiuc he[weElllh" 
tran,,,,illcr ~JlU II", r~c"iwr from Ihe left side, as 1I1dlcarcd inlhc im~ge oclow) 

7. 1.111,' the hok., up cardully witholJ( ciistul11ing the \vavegu,d,,_ OT Ihe Imilllsdf 
C~Ok: an" \';okn( movem,'n! tlislurhi ng the \Va "eglll de will rewll in _'p I! ri Oil> 

results), 



x. Inserl the 4 mm min the IrallSlTliu<:r a, shown ocl"",. 

~ rrm seWI .. ' 

= 

(NOk: Th~ direction of the Inscltion of the SCfews is important. Any \"a,.i"llon 111 
this arr~llgemCllt wi II feslil t i 11 _<Pllf iOlI S r~slllh)_ 

I (~) 



9. I·ig hl.~n Ih~ ~CI"C\\"S: 

Whcn li~ht~nmg Ih ~ "'r~w' Ih~ ' ~'lLle nc e Lls(d 10 li gh ll' n thl' sue'v, for the 
lra[)slllilkr llluSl be lhc' ,arnc' as Ih,' lTl:C'lh', The >.ere'''' oj" lhe re,'elver 111LlSI be 
tig htencd fir, t . 

Top View 

/ ~\ • . , / , 

I -:- 'glllelliuls Ili aI' \ [ __ I I 
<l illi-clockwise directi oll 

\ • • / , 

\ , 
/ ' > 

1 1 
End here Slart rere 

'rhe diagram shO"'n uix"'e is Ihe lOP view ofthc transmitter ;lnd the receive r. 

( "ot e. T he 1">;1 sere'\' 10 bc tight cned mu,1 bc at the posilion in Ihe d,,'gram aixlVc' 
I" be lled "end here", 11'e x rev.'s should 1101 be li ghtencd 100 nUK: h ,0 as 10 aVOld 
strippi[)g of Ihe threu<U 

10. R""cb[)~ lh,' rC'slIl b : 

The Olltput of the system C;lJl be rCllc! olfthe Jigital Jisplay , 

1111 



'I 0 Sl'C ]1' thc fcall IllgS th.lt \"Cfl' accli ratc. thL' wavegliide mlL.'! he IT'moved 
,arefull y. The Inet oj' the contents detenni [\('S the acClLl'OC y oj" the n.'m,1I ng 

102 



Onc-c the w",'cguide lS s~curc lind ;. st,lbic [,~Sliit is obtaill~d on the. scrc~1l the rcadin!" 
should be rc,o[( lc ci. 

I'I~H S{, not~ thHt reallings shook! only ~ tal,{'n for proonds within 70C;'c to 100 % 
Zirc,," 
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