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; . This thesis l1as . been prepared for' the' parti:al.f)rlfiln1ent 
,'.- ~. ' " 

',qf'therequ;i.r.EHuen:ts "of .th·eRobert·.· .• C;oilege ··~9hool.o:fEngineerihg" 

',<',.,'Itis a~epo~t' on partof::the;¥ve'st,1gatiOnj'cgid experiLllen~ 
~, ..... 

tation1'1ith'the.Electro~odocel1':" anObje~tive,odor~measur.?-ng . 

device being de~elopecis:Lnc~1964-, '. 1n 'Robert'Q~lleg~'R~search 
Cent.er .~. in 'an' effqrt . to 'find a po;ssib1e e'lectrical equivalent 

. "', . .' . - .' -

'circuitfor 'its functional mechanism. 

'. Bu ',tezihhazJ.:rlanmasJ..na·yardl.mcl. pekde.gerli fikir ve 

" .. ~. .... 

Ayrl.ca",·· hes'apl?-rin;prograi11lanmasJ.li.dakiyar~imi~-rJ..nd,ah'· ; , + • 
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CHAPTER L 

INTRODUCTION 
'. : 

. ," 

.', :." 

Follo\'ri:.'1.g ,is a report'onJ?art of the r~search \>lork going on 

at Robert' College Research',Center, under,th~ s:upE:rvision.' of Prof. 

, Dr. Necmi N. Tanyola<;. . ,," 

The aim of ,this research has been 't0~'develop'an 'objec'tive 
.~. . 

odor.~measurine, instrument tGreplo.ce:; the .. humail nose in the detec t-

ion' and measul'emeni;; ·ofodor. 
, , 

Research on the· d.evelopment of an 9bject1ve. odor-measuring 

instrument has been intensified since 19~9(lh O~ocelldevelop-
. . , , . . . 

, ed at Pur4ueUniversity,in 1948 by' Tanyo:l,iq ':al1¢tE'~~Gn I'lns"u~F~d 

,byvnrious invest:l.gator·s, (2',3 ,.l!:, 5,6) :for:':'~dor ':st~dies. ' ~'Ic:u·t;n;n( Ie)) 
. ,'. .' . .' ,,<.,,' ". • 

8.t Cornell U~1~'Je:csity,' Qravl1.?-eks{ Ii) at::tIT', i'ioncrieff (12) in 

Engl~nd 'and Bal't';n (15) in France"· had ,developed instruments to 
'. • • • •• : , .' < • ,- • 

'be used as objective odo1' 7rne asuring devices. 

, ,In 1964" T;nyolag presen'ted the E1ectro-odocell,as an inst-

rtUnont :todetGct Q,mimeasnre od~r or micro~micro amounts, of ' 

J' .• - ·".'h'", .- J.°r ,- (·16 i 7' . 18) .~l v.!. __ ', :_~ ., .. "_," , • 

. '. . 

basic concept 'attributed to the _ operat~on of the 01cctro-' 

o~),ocell is given in the follm..,ing definition:o':t' odor made by:. 
, ' 

D:e. J ell. .sa t'J'n snd Dr~, i·~. ~~.- Tanyo-lac (18.):, ' .. 
~ _ • . t., , i:I 

'U •• theoretic;:;liy D.l1th~;nate.rials avni-la ble hew'e odor and odor 

is due to thc';molecules given off by the odorants: at noi"lilal 
, , 

, ' 

The prinCiple of op8r.~;t'ion of the ,Electto-odoceli ha,s' bee.n 

desc:L'ibed by 1)1'.: Tanyol;J:q, as foJll'nvS; CIB}:, 
':. ,.' 

~ . ' 
~. . 

"'f 

, j 

:Il'i!""""W . ___ 
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liThe Electro-odocell detects ai1:~ m~a.slir,es· tlie..·change, in .potentiai.<' 
. . 

or current on a dielectric "Th~n' one. sUI'face'- ~f"'~he ~ielectric is.' '. "', 

'contaminated bythe'rnolecules-g':iven, offby.odorants •. 'Rhe:Electro-·· 
'.- . ...., '. ", -, "' .... . ...... ..... . . . 

• 'J ~ 1 

odocellis'made~f' three'part's~ Fig.:l~:l;: .,..:,'" 

, . b ...... ", 

~~-~~:~ 
. . . . 

(1) . :,', (·2)···" 
'"" :', .' 

.(3),', 
. -,', . " 

.-.' 

. :.,: 
, , ~.' .' '." '. -

'. " ,', -. Fig. 1. 1 . , . ~ .,-. ',' .~': i . , 

Part o~e is a . detector-transducer' \~lii9h ,h~).,sa surfa6~ .... , ' .. .'.. ~. , : 
.Co' , 

,:sensitive' to" them,o:tecules of materials. and:pT.od'l.lces·a change' in''''-
. . ;-,: .. ' 

'" voltage on thedetectdr', d~pending, 6h t·he:type·andamountof 
. "~' '. . " .. : . . .' . -. " ", \.- : '- ' . :. ,,:' "~' 

'. molecUles absorped' On~ts' s1irfac~·.:,·.T~e:~eniit·±~estir.:ra~e ',of the'" 
. . ,,"' .~. . -:.... :J;:,,' '.. . ': .' , 

" ~etect6r '(a) is ·6peri·t6the~do~:~oie~tii~~::ahd·i~niad.e·df dS~l~'c~' 
.-: :.. .' '. ," ... - . .", , -.\,:;; .~:." ...... :.~.~ .... ~ ".'."',.- . .-. .", 

'tric :m~terials ,lik~,m~.ca,,' glas's', ·pJ..~s"tic;S,':.~'P:tip~r ,/~tc ~, Th.~ 
conducting SU:rface':Of the' det~c~bi~::(b):,·i:~~··6~~:e~'~d~:::,\1·ith': a~copPGr \ '. -~ 

, "or, silver plat~'which i~·. cQl;lriec~:ed,to. 'a'~~~~i~:" .. ~-(G·)vleJ..i':.in9uia:teq. 
. " . . . " .~:'. ': (" '~". ' .,. . 

:fr.om outsi,de leakag~, arld :stAtic:·'cliarge?~·.:Jd}~san,insu12~ti6h 
,.. .:.: .... : .. 

, ~.':;,:., . :" ',' . 

, -.,. 

'~' , curvell 
•. 

", . ' 

I'" • 
'/0 '-, " "."'; :;~ : 

" :,' ... , .,' ':', . 

The a'iln of this thesis is to find an 'e,lec~rical equival.ent,,' ' ';\ 
" .".. , ;' -, \ ": .•••• 'f. • 

.. circuit of "the' Ele~~ro-odoceii and:.:irl"est.ig~~e\theeffectsof . ,',' .. 
circuit, ~onstants on the' detector' sensiti~ity ." ".' 
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'In Chapter II, tllephysicfl:+ properti~s 'Df' the,transduce,r,. 

the recorded data frcm odor measurernEmts' andthep'r':)perties .cf .' 
:;> 

, the measuring' devices ~r'ecovered. : 
,,' ,,' \ .' ~; 

. ":. . 

Chapter III. is60ncerned \-lith th~,' dete'rminat'ion of t;ransduc~r;"> 
. " '., . " . .1 .... , •••••• '" . 

ponstants.vlith reference' to, arie:l.?ctrical:represe,ntatio~,namel~ 
- , l ' .• • '. .' ",'. : ;.-., 

the transducer resistance and capacftanc~. ":,;,, 
. '", .. ".,'. "" ... ' -- ,,-' 

'I. " 

, . Finally , Qhapter IV' is'devote<;~,to,'t~e,'mat~e~l,at~e~lte,pre~'''' 
...... '. 

sentation of r~spons,e curves' for' assumed" inputs " t~ the 'select~d' 

·~quivalerit",circtii1f'.' some;c6nstant;',ar~','d~f:tn~dB~;~~\1ith 'r~~e~r~nc'~~,;,::, 
'. . . . ':", " , ''}: '; .:. . .' .' ;':> "'. '~:'. ' ,,':... : ..... :,' . . , . " <- '--

,to~ ,ip.putfunctic)lls,· which, are :>tb,;he.~piii:ldered"6hara:~te~ist.ic:, .. ,. 

'" . a f ' ~, given' odorant',; 
':; ~. ," : .~ '':'' ' 

, ',:, 

, ~:.';.'. ~~~:~-~:-'(., '.:-.. '~ 
',1', 

'Ch2:pte'l:' V .: su~nar:izestbe~~Jti":.9,f,!19~lis,~6~~'<,~i',,.the ,thes is • 
. . :. 

. . .. ~ . 
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. -CrtAPTBRTl . 
. , 

PROt;EH-TlES . Oli l)ETECTOrtANDl-1BASUR:t'HG'DE-v'ICES '.: 
.. , ,. " 

2.1 DETECTOR PJ.~OPE~TIES: 
'. ::, ' 

. '", 

The~!12.in feat'ul';'e .and the pringip1e,.'of. 'op~;ration of . the odor' 
,'" . 

detector ··vlerEi. ex-01ained in. the urevious' chauter. He,t'er.~e· con;.. .' 
.J. " • . _ • .. . '". .• ,.' .. '. 

sider the ". internal properti6sof the ,transducer and' the in.easur- .. , . 
.' .. ', .'.. . '. .., ',' .. 

The dielectric 'of, the transducer as .. it, is'i-le1<l: bet"ieen "the 

tvTo conductors, i5the mO'leq'ule,sensi:tiv,e ei~m~ht.' 'When the 

molecules of an odorant reach on one>side of" this~ielectric, . 

,they produce', a potential differencEi' across' it. ' . 

A.dielectric'carl·be represerite'd ·bi. an equivaie,nt circuit 

r'l.· " \: . ' 

'---'-.-'-.. .,J.e. v "'V'V\/vv--. --l c' 

,Fig 2.1. 
• .' " ", J ., 

. ' This cohcepti9n of the' dielectiic 
. ,- .. . ," . 

,takes" into. ,aoeciuIlt the, rtorITial 

pr.operties,. ofthe.:dielectriC· a,t 
, ~ '\ ' 

vo'lfagesbelow"its" electric rup-' 
• ," ~. ,,": .. f • ., ' 

tllr1ngstrr;:ngth. ' Her~'the c'apaci torG "r~pr~s~rlts'th~ . perlllittance 
.' 

and the re,sist8.riG~,r i repr~gen~s"thedielect,ric; ab~orbtion' loss, 
-,' . ' . .' , ,'," .' , 

the re~istance r 2 represents theleakrige .c~tQJ)6ne!lt.· _ In a per­

fect dielectriC, r.~ ..... lOuld be ~eI'Oand~2\101ilcl:~S:(i~Tfir1ite •. e 

These t1·10 1'0sistances:can .be cbmbin~din.' a siilgle "cresis~ance . 

plD:ced either in' ,series 6rin~ para11eli~ith C';:'1f:the ·sin:gl~ 
'} '.'. - .. '. ',.- '-

.~...:-.;.~--.:....-;,-

, , ' 

",; 
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'As' will be seen in Chapter ,-ill and later in :Chapter' IV, it', .'" 
-' .. ' ...... ~ ',. 

is -iinporta.!lt to adopt' an equivalent circu:it,(){tb~ ,die'loctric' in 

t:rying tofirid e.n 'analogue for the odo:r', ~e~:suring CircUit;· due ". ' 

to the fact that one has to taJee' into ~~courltthe ~,input . resistance:" 

' .. - .', 

, " 

and cap~c:i,t;;lriceof' :the measur,inginstr'unient,'a~'C9mpared to: the, ' 
.... ,- ~:. 

. ~ '.'-' ' 

ihter'nal resistance' andcapacitariceb:fthe'd'~te'c;tor~ " 

, Since in 'th~case, Of' theEl~c'trd:'O~9c~lii:~,~:\liele~tri~ ~~S 
" ~ . . :: :- . ' 

associated ;i·,1than active,e'lement~'it ,$~Bnis likely 'that w.ea.re' ." . . "., '. . ~ , ~ .'" ". '. "> .' .. c- "_ . - : :. , 

confronted ivith f(n~exarnple 'a voltage ge~erat,q~,',oi~hi,ghintermil 
•. ."0··.' , .. 'c",' '. '; ";', 

resistance.' In such' a case ,toobtai~ a.oeur·ate :meastirements ,of the:, ,'-', ' 
• , • , , •.•..• '. • - . . -,' ,< .'.. . ".'-: \ 

• • • . ~. I~~ 

detector output, a voltmeter of high,:iriputresistahc'e should. be . 
" ," .' ..... '.. .' " :.>, .... ', .. " 

. used. 
" .' .' ". . ,," .:',', ," . 

As will besee~fr.om the results of 'exper,il!1~ntsir::,Cha:p'te'r III~" 
the order, of the dielectric resistance :is"ar01iridl09 ohms 'audits: 

Qapacitanc~ isar'o~nd ,200pFfo~'mica:~',' 
-,.. 

'", ' 

'As has be.en h~tcid Lrl the' previous~ec~tiori tl:16 measuring inst-:-:';' 
. .' ','.'. . '.-" ', .. 

i . 

'rument ' coupled to a::hlgh imp'eci'anc~~'sourc~ should<have a high input 

',ilUped,ance. Til. our ,meaSUre!ilentS\>Tith:'h~~ .Ele6tr$~~6:d6Cella ' 

'i'lodel ,610 'BEle9trometer'fo' Keithiey'rristrumenis,::.Ll1C ovTRsused 

: on its· high inp~1r:r,e;sistance {lO'14()runs)' ,~:~;t'2,~era~ige., " 
i '" " '" ',,: ...... 

. Thi~ .electrometer ,provides 'ail output of. + :3' voltsvlith a: low, 
.'" ...'., . ," '., " '. - ' '. . . . ' ,"," ~ 

intefnal·impedan6e, \,hich can be :~orulect~'dj;oare()ord.er. We, also, 
_.-, ". -. • -. . I'" - ' • .' -. ", .;-',' • -. 

\." . 

. '. u.,se,d an oscillographic recorder to see,trle'shapes:.9f 'the' outputs. , 
, , 

A,He''l~et Packard }40,del'7701 A Rec.order':Wit1,la> l'it?del,880);,AI{igh" 
' .. " 

Gain.DC ,Amplifi~r" vTas used for th:lS .pUTP'os'eL:, '. : ", 
,. " -." . . " . 

In the voitmeter..;a'm::1eter ,measurements~f/di~lec1;;'ric. :resistance,,' 
" '. . ~ " .. " '" , "", :" " '. ":. ',,: ;:: .~" . , ';',", 

tile 'same electrometervmsu'sed on 'it,s' c1.1rre.ni;,':r:f),n'i~~\,ji th ,a,. ".'" 
".:.....:. . .c....c' ~--'--"'-'-' .:.-' -'----'-____ M ...... ~"'"'" 
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'" ~. ; '" ", . ': .. -:' ·~/·. ', .. ~. . 

" ~ ; '~:~ ",7< ;'",_' . ..,. _ .. 
,~ . . " .. ' .- . -'.' .;'.: ':,"~ .. ;" 

· .-....•.. ~~;71~~:a::ti:::~!ait:~~:t~::~h~!\:~~:ff$5~~A ···~~ed.anc ? .•. pridg~ .••... ·•• 
. ," ' '. . :.-;.: ->... ~.' .... " .... :.¥~.:.~ /',' 

.' b.;;G~Ile'riiiiiB.~i,oc:o~J1~~~.~\ . :~~:. '.' ,. . 
··~~36UT'PlJ~":C~~AC'r~~IS~)Gs.;~i,::<;):~?~,::.~:,:- '.. 

, ·"3:he " Pi;c~Ituse~tq '~e,a~~~~'i~I\:;r,,"of~;~~~:~~tptithOm. ·~~e ." ' ... 
:;·,·Ele6trb-ci6ocie·ii.a~:'th~ same".tirIie: is illustrated 
: :. :~ .~"- '.~ -

I. 
'., .... ., . '," " ':,;., "";. ; ... ,;, .. , '-",":",;:..;.: :-.. ... ,:J' • .... :: . 

.. ". ~'.- .' 

,','-:.' 
.\.' .. ' 

:,' ....... . 

. ' ','" ", 

• < ,'.,' .... 

,;" .' 
.' • .' __ '"1 

,:, "', ~" 

.- >" •• ,' 

'.' ~'. ',' . .. ,' . . ~ . 

'.' j <, ,-' .' 

',,: .. :. 'Q~ri,eralij',thee'l~~iro~~tgk~indie:it'e~":':~~'::~i~h'voi£~~~': o~' 'a' ... 

, . '~a;ge,SCale 'bef~~'e~~YOd~/.·~S', .~~t~~~Jc~~'~:.~i1·i.S: .maj'.b~. ~tt:.rib~ted· . 
-. -,~ '. ..,' ,'. ~ '. -', ;; '.-I'· ~ " '. • ~ 

.· .. :tb··.·tti~··.·±;hit,;:~i:·:~~l1fl:bg~~:~9?'~tl~~>d.~~i,~~·~t~g:::s~~~~:~e .. ,.du~' .. ~o.'p.;eyio~'s',.·. 
, ",<#. '.' -,". • \'-.'" 

',:;' .. ·conf&ct:,";lithiiir ~.·Tl1~:,·pre's~ure,:~,6t:,.the':;/tra.ris.dti·c;et'·,condticto;r plate~' . 

': ·.·'···6~:;·~h~·.:~i~·1~~f'tic .. ~ac~s;o,:.·\~~s'~.··.·:,~;:~~f,·:·~i~~,d't~··ori·::',~h~~;i1tiit i~l. 'vol t age .,." 
". -;,." :" .~"::'~' __ ,', : .... :.:-.:', :'~.:!\'_":' '/:"~r":',,': .. >.,~ ·.:,~·'~;':'>':'~.:'··~~">',,,··;>,.-~<·~':'~"7'~"'. ~·'-... ,'.·:Y:.:·/,:;,:~::,:, .. ,;--:.;,;.,'.>, '~:.',/-:~:~' .. ~."'.>,"~-:~~'~:-;.::, ::.:.'~, -... ' ::' ,P ., 

" .. ' ,;,' ....')2(;) ·.pe ~b:Le:,:to. :r~a.d::~slflall~r:"c};l.@ge,~:af~:ei:: '~R-e 'o¢l:or'<'lnt has' 

.~~ :~ili': 
'.. .. d'~j3f~; •. .' F;p' ,'in:st'an~:~' 'A~~ioo'?". iJ.;~;~':;<:~;:·.:~~ ~'~ii~~;.' 9Jt·P~t-. :···-It·.c:sh~~ld :.' , 

: ~ -:.":":.~" " <.~: ~".'.~'~":~ <-..:,'. '·""'-~>·:~'!..:·:."~"'l~"·:·>:.~·':':·~'·':·>~ ~-.;,: ... :.j.'-'':::;:',~.:-''':'~;.~ -'>~:"':"."'.--/ '.<. : .... 

.. be .n6~ed,~· howeve.1',~.tl1a~· the- p61~ar·ity,· o~f:·:.:9,utp);tt.:. does',not .::~f·te'-ct.·:·~h~~,~·:, 

.•••...... sc~e.m~Ai ~aiy;i~f9.1i~~~i·~~:~~~~~E,~~~~·~4£~t-i~fo:,tiO~~ .in·' " • .., 
" ::" Chapter: IV.' If 'a· posit,ive" o~tp~t:/na.s·;::b~~ .. p:·.a?~futiled :.:i,:n."·i;he analysis.' ' 

'. '. -.~-.- ~:., -- ,'.T .... :.~-'" ;~~ ... :..... 0: .. " :-.!.·~:.;_~'~~·'-':7"'·;··;'·':·:'::··~2;·~"~'<:-:·~':;;:::.>J"~ .,". ',\'" : .. ~ .. ' .. ' .. ~~.:. ",' 
'\'Iher'eas .. the' actUal· output:· i::;;' heg"a~ive ;:.:.;the/ in~~0du~tion ,.of:· the- . , .'~ '. 

':~~':'~\~"::"'~>" >',. ',< ,.,,,,..,, ;:',: ·.~':i:~':::';·.:'.:,';:~':".:.:· ... '.'.,~.',~,\.,;b;~; .. ::::1.' ',., '. " ,. .~.< 
.;.' '.',~ .>..... ';":<".;~ ~, ;, .. , '.'< ~, "",.; .• 
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'the; , rrieasUr~ 

.. :'ing :devi~es 
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, , ,",in' t,hi~: 'chapter; , \>le" ~Ii,all : a'tterllPt, ';t:~ deterl~:Li{e:: the internal'~~'s is.,-:I 

. ioai:~e'<ili4 ;~~;ag{~;~!'~~:a,~"',, •• ,'.ds,'·,'.,'o~~pb,.·,.t'~,; .•• ,~e~'·'·'."da,.~"":,~,, e,,~S~tk;~\i~:~~~~IiU~~;;.Fort~is ." .. ;. .: 
:~ytoappr,oaches',calij~e ", • ';:':; ,'::;~(r, c:.:::, , , 

.. . .. ··f:~::~::::rk1:t~lt~:~it~i~ns. ·(!~§~.'d~.~if?~tf~·~~~~~t{ie~. j.' .. ' ....... : •• ; •..•. 
.. • '-t" '. • '.j, .. ~:'.::.:: .. '.: .. ~ .. 

, ., 
J; 

" , 

..... 

, , 
' .• "','.,: : !.- '," " "'.\ .' 

:~:~'~'~:D~-rn¢±,~IC.,'~~±,S$(~~1~9~ ::,~' ,~' ". " , ," 

...... ··;.g~~en~rf'~tt~:~f)i~~'i:t~!;:i~rtl~1~~k;t~~f~f:fe~!::~:C;a:i~lec~ 
..•... 'tr~c}F:t=i~4:r~J:~~t Of.t~~,.Ef~~;:;~;~¥65e;~i,:we may./speak bf '. .• 

, t':lO', resistanges 'ih;i.c,h.'mak~ '':lP the < tti,t~~' 'd:iet~ct:ric:,resistitrice' r2( 1).: 

rr~J.~" ,'~ollJ~Ts.·':.,i;p,~n·,:t~~:~.~~'ssl~l~,~?';~:d~~tikp#]b~y~:h~:'~~J.f~(3nt.fl0vl ' 1 

. : ~ 

s':u'r . . . .' 

,', ,.- j::' .. 

: as: 1.1.'1 F+~f 
. \ " . 

electrical 
, ' 

;.:': ~~~'::."',;:~':.,/ ">·;.~·.>~ .. ~··:,;·<:-~<,,.>· .. ~~0::'~~;·.':·~:·' ',,- <~ ~.';" .. ~ 
.,;;;......;......,.,;.-.; ... ~-:.....:.;.;.;.,.-..,.;... ..... ~,;,', "; , ' ", 

-. (., 

. :<.;" ",'" .... : .:: ..... ', ::. /.~.~ .. -: .. :",:,,:.-~-::\.':' ":":"";.~':. ~:. ~.,,,: .. :,'.;- ~:' .. < ..... :~::' ... \:'.-.:., .. -: ..... ," ->':.:' . " -',', ". '. .' ,.' 
,'<.Xl'),H8'r~"an6th~rpe:3:is~'e.rtce' \jf . ql1e~~iqr( i:idu'l?-:' ;pe:,~lle:re siS tance .: 

, .' ~.' 0 t'tb,e<~ef\kage:',:PB.tQ:thrpl1gh:tlie::::,il;i'sul~t~ofl;::'te9'i:s~t arlce "i'lh ich·· ..... ' .. 
" ' .. ~,.ls' ~p.n; ·.,c 9,ll ta.q ~"~T~~h,;.'?(j;~h, .. :th~;~}i,:ilg9 ',a,:n4~",:;l..oYL:,Po t~~:t;i~l .' t~~'m inals .•.. : 
,.::"HO\1Gy~ri,"Thell;t;p.e:'fes~s,tan;ce'of:1fll.e:'~.zb.prE!.:,:tran,sduc.er;vatho1.1t, , 

:t:hedet;qctprd,:i~ ;te~tric~:w~~'U1s'asur:e~l ,:;it~W8.$·:fq~4;that '~lie :, ,~:;:.' 
, :::insulat-iqn<res:i.stance "was --.P() ·h.igh;tjlat':it"cd.ul:d:'::;be:negl~cted'~:', . 
, .:fri,.par,aJ.lel '~dth\tl1e':'de:tt3c'tor :,dielectric:.r.e'sfsi'ancE3 ." .::-', ' .. 

• "', •••••• > __ .,' " _.'~::' __ '·;·!_'::~I-~,.l_ .• ~: .. _>', __ ., .. _,:. . "',,-, 

:,,' -
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, "< sur.i'ace, "cl.lr~ent~{'",~r: any, will ,.flo1>l'" r a~~G:l.1:'.Y:"~-o~.tTt1~l'~'.~,o' t,h~ 'ground ,-" 

: :.",' '. 

0' l",ii,me 
"~', ~ ".:-: '>"':.'.""~':' .··.f~.:.~;,'~ .. ~ .. ~ ,'- . , ,'.';" " .... , 

... ~. ~ .' '. ..' " :. . 
~: .. : ~. ~ "·:~'~~i:",: ~ :'<~"~~:'.):>.~~' ... " : -.. ,:':' .:",; 

",". :.. 

,i' dlJ.cted' first:,to""c[;l;lc:ulate the theoretical."value ',of,' the total',',"', 
.. ' .. ,,:.: ... >,;.~~>~:(.;>.<, "~;\" ., ... ,' J', .":'.~.,~"\, ,~, '~:':~ .. ~·.~·:;' .. :~.::.:.t,~-:.",,,.~''''.,··:' '''''-:~:,;;:~:~~'";,,:.",~';'~.;:';.:\~";., ·v.· ~. ".~ ,'~' 

,'r~~'i~:t'~nce a11ci"trhe~~:to 'm~~sure'i'F:by';,d:i~~ect ';,in~th~'d~h' , ";",, 
';,; ••••• \ ". <,~,." ,', • ,'-~" ~ .••• ~,> '.'(~ ~ 

, .. "" •. ' ~ • ~~,·t·,!·~ .,:..,.-;,.,,',, • (. ': '_ 

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

, . "''':.~h9..o.retic~1·.'6~lCu:ia.t*~on~ ~ ;, .\:';0,""" " 
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.,.,~ete·r.~rl~tio~·~~~~~ •• i~ iiFi ~i~~}f;i,~~ ••. ~.i~~~:rr~}~riax.a:,d 'it§ .• 
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. ", ': .. .-~~~Chq4~liO:~lsctl~~~t~:2:"~J'~eii%:~c troge, electNde· . 
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. .vpi~~~:resi5t-iVity· :i~ "01' ,j;h~··.: order. 0'1' io~ < to' TO~?·- ohm. C~·.li 
,,:.:,': :.':. '.:;/ ~~e amb~g~itY··i~,·the>· ()r~~:r. ;6f't~~~'~~·~d~ues·.,.~tems. 'fro~: the, 

f' >,.,~ .. '~','.'""'. ".:" ','.':~'-. ::~"~,<~~_.,.:::,,:.:._.":':,-;~.l . . ·~~,·>·>.-';<,::<,~;~i~':,:· .. "'-··r: ... :~:~::-~):.~.'~:':::'.':;"":". ',.~:,': " ' .. ' .. 

,::fact· that. resistiv~ties; of mate'lo'ials tested: 'depend .on hwnidity 

.... ~nd \~mper~ture ~ '~~~~i$ti~l~tir' dec;·~·~.se~~ .·~lf£~··:i~~;eas:ing. t~tnpe-
,',", ;,:", .'».' '; .'~' '::',;'.:-,:"» >''-~,,'':, ".:~":.-,~,.".'.::,~, -.: -:~.-: '.:~'.'.::!::'":-:;,:'!:~:':') . .-',,~::,~;'~:.:',<'~::.'."/.':',,:., . 
;. :r'~tUre'and huini¢(itY;:·;:;Thi~;.:::ts,.in:6l:·e·tttie· :fdi';'·Siir:facer~sist;iv:ity; 

,"',\ ••• ' .,:."~ <'F .~.~ ,: • I;"';:' ... ~, .,.~,',' :-.' :·I'':-.~;·,·,"·:'-'".·':~~: <._.'r- ~""::.-::', .. -~:~'~:_~ ... ':-"':\" '. ' .... 

. . ' and 'at·re'latlvely.'high le,ve'is .oi:'·humidity.:(iiigP:~l: than 25~~) .'. ., 

.:. ·.~.~sf:ot .tee.qllrrent.l-e;'I<"14~~~I(;i~~"~F:~~~;~f~h~.';blume .•. . 
.r~.~.is·:tan~e . l.S, more ,thap.,.lO·:.<?l:1m~,:a;q:dit'·bec.olUes. l.mp9Ssible 
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CHAPTER IV 
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',,'10 • 4;1 RESPONSE CHARliCTERISTICS,: :;", " , )', 
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As has, been mention~d:p;evi;us1Y iriCpapt,er '2~ -,the,' resporis'es 

obtained: in, measurements' ';lithsErv~ra'l~d~;~ts,-,' n~d: the 'gener,ftc"-

forms illustrated here again·.pY,Figtire~,:lf'~1~,:~d'4Llb.' . See,." 
". '.' ,-' ,.',', ':'-'. ,. ', .. - .. ' ".' 
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Grou1=,IV in ,Appendix '1Vrepresents a close?;pproximattonto 

the actual 3.cetone response, The constants of t.heequation re­

presented by thatgra.ph Here deterL";ined by trial and error, 
. . . '. . " 

:malcing use 9f the linear portions 0f ,'piee~perimen'tal curve. 

The output e(1uation repres,EintedbY.GrGl.l)hIV has the expression, 

. " . ' 

(4.31) 

. . 

i'lith a = 0.05 b =0.1' '. a)1d .6£: :':'0.061. 

A more ~ccuraterepresenta~ion of th~~acetone response was 

fOUnd'by the folloHing G.nalysi's • 

. Starting frox:tEquation P~-26 ) and defining:' 

£... - (I' b .... - _i.. ; B'= -
b 

,\ie obt::dn the eo.u:.:~tion, 

<i.itd 

. ," 

.~ (t) = K [A(l _. B) + B(A_l)e,~bt+(B ;"f.:.)e-.
B
. bt. ] 

.0· '. 2 '. 

and its derivB.tive . 

. [ l)e.-bt .. _. ~b(B ._, ·A·).' e"';Bqt] e~ ( t) = K;2 ' - Bb (A -

1 , 

Nu1tiplying (~.33) by b13·n.ndD.dding ('-1-.34) to it ... -Ie obtEdn, '1 

--

:bBeo(t) + et(t) =K,i-bB(l - 'B) '+ I~Bb(l~!\)(~l-B)e~b~ 
o ~_ 

Here a ne-I:! scot of constants is introdiwed ':rhere: 
. . . 

D = bB . C = K2A bBCI-B) ., ; .'. F - K2Bb(l-i~) ('l~B) . 

~ (). ') C-:) takes the form nnCl + • ..>7.' 

D· e (t) +e~·(·t·) = C ~;F e~bt 
. 0 0.' . '. 

:< 

,I 
.1 
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ThTs equation is . more' simple to deal' \'lithand 'its four constants 

can he eva.luated from aknovrledge of .€l0 ( t) 2.nde6(t) at 

four'points of the output re~ponse. 

He atteEipted :to Use· the folloitTing data taken frof1the 

acetone response, illu.strD.ted in Appendix IT,to evaluate the 

constants of (4~26):. 

(I) 1_ 
l" 

'(11) t 

(III) t 
. . 

( IV) t 

- a sec. 

= 11:.8 sec. 

= 20.8 sec . 
. . 

= 00 

.eo (t) = O·.mV..' .e6(t) = 
.eO (t) . - 11.:5. ·civ.· .' e6 (t). := 

.' .. ' . 

3'.46 laV/sec; 

2 • 3 a ill v / sec '. 

e6(t) - 2l+.,iiiV·,;8b{t) -a mY/sec. 

'e(t} =·20~3.jnV·e'(t) := a·mV/sec. a· ..... 0 ' .. 

. ,and. Kc.ameotit to" Q8 comple'x'n:1.lJnbers~';::"Xhis'inBantth~t (4~26) 
. . . -.. . '. . . . , . , :' ~ '., . . 

'. , .. ' 

"'rculd neverrepresenf'th.e aceton~'respoi1se::exac:tlyputcoUld ' 

.' .. "prOVidean ~,2~pp~ox:j:i11ate \~xpr.essi.ori.~or:it,:.~:(;itl1'.r'e<~l· c:onstants. 

' .. ; T~~he\:JsetOf',,:~~:lU~S·f:·Sl~ghtlY.:differ~~'t ·from··the.· ac~ual 
. l.. • .' ,,' • • • - ~ • • ..... • • . 

····yalu~s, didg.ivea·so1.utiOri:j:ith':re.al'c6nstarit$~nd :t.his8:p-'·-
' .... :." -.';:.'.>', .. '~" :', ",;,,',,', '. ~-".~'~,' .:~ .. :.,:_ : _.~ ::'::'~, '<' .. " .. ' ... <.':, J~.;:,':', . "!':,-: . "~ '.' :",-' 

' .. 

.··pro~~¥atingf1.1nction·i-ras ·dE?te~.mihe~;~a$.·fol·lo,~~S; ,. ,'. 

" .,.. ~ ~~:; .·.~i: ~.;;c~:ec. :~~ !; :,.~l~~;m~',';~i~:~;~.~~/:~) :ec, ." . . .... ' .. 
(IlIa):' t:·.~ 22 ·sec.· . ·'eo(t)~._·24,,,mv"/":·~B:(~·~\:;.·;Q·mv(s~c. ~.:'. .' 

'>'.·CIVe.) ·'t:-~: ".~:' ·:':; .. 0·O(~·:).: ... := ·lB .. ~~y;:\.·,.~o'ctb:·',·,~: :O··niV/~ec:.:· :.',:\', 
. -. . .', ~ -.' -. ..",. .. .: ' .. '., ." : '. " .. -' ,~ 

.. '1J~in(T·~this . data, ih(l.j..37),~;e:·hav·e.r;< ';>' 
. ....... ..' ". . . .1;> • . , .' . ;.:" , ...... ....• ': . ,,'. ::- "'.;: .... ":.'. , ...•.. , ;';: .~ ;.:" . ...•. •. 

.. ' ,'," ,:. 

. .... ' . 
. ': ',' -,' 

4>=·:·' c,:~I~:'F' . ,:. 
.. :",' " "-, .... ·:"i.: 

. " .. ,:" .~.; , '" 

-.,., ' ...... 

. ···.1·:1: .. ~Di:~F·? '3' ''0'.: :=" 'c.·'~+:F 
co.', • ./:.:: .,~ ... " , 

, . ~" . '.' " , 

( :1.i.:·3·9·)··'::;'" 
. ,1... :. ," ... ; '.. ~:. 

.. -

, .. 



~ . 

',' . 
. " 

" :" 
f-: ,-

.;,' 
;.,,;, 

, • ,:,., 'Ttj~S~$'>,,_ ;<;". 
,ROBERT·C9lL,EGf.:GRAOUAJE,SGHOOL 

. ' . BEBEK~ISTANBUL - ' 

.> . " ,. 

/nt~3$:;ah(( 41 r:: 
':':>:;.--::.,'" .. '; 

./. 

'," ;.' 

12:.?D:: .. ~;3,=.F (~~a.F?/;;·~~?·i5~V+· 
...... ,,': 
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:-,' : .. C?-n.d: til~:tE;f6te':-' .', .' 

,'J, 
' ... ' . " ,- . . , ,.' 

',;. 

. .... '.'; 

". ", 

4o<dnd:_'42 ).>:~. 
::: .' ,'-. ''''. . ". .~ ,', 

:~:~ 34:, '.~. ;. " .-
: ~ ',. 

, ':'" '.-.' 

(l+.lt6) 
' .... :\ . ": 
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.; .~ .' . 

" "'" ~ .. , 

.' 

. ,t\10,' e'q~~ti;ris ~:;le' h~ye' " -
',' : ~~.::~~.:':"';" 

". ~ 
, .. " 

:.,,'. 

.:, .~. ·".,,'.i" . i ,\::.~'~:;~'., 

This is' an _eauat-:i.on 1vithi e~;6n:entf~ltermS _and is ' difficuit,: . \, 

..... ': 

. __ ;:i:;,>:«,7,'" ', .. :_, -'-',',' ,-', \. "-,;' '~':;,,/':':' ,<'.,~' .. ,':,:c;,',:' <_.';., -- -'·:',,:1 
<ito'" so.l've.re'a,dily,:ro':t': .. ' .(b):. ". F.cn·mV~~.~i·;,iJ;- tl1-e·.ord~.r.:qf·:(b-)·.·:t61<.::;.~i 

.)C.,,~I~~tli~ .ru1,';j;idllap)Jrpi'Ch~s,·Z~~Q) ~~.~~~, ,,~he ~~lueor, . {bfi';':.j 
}';!'t~~;;h;tp~ies, +t,zerociufbe fdUna';';;:tri~larid errOr i:,; "by-ri~~g"X 
... ;;; ..• ".~6~lit~:: .. tb~:y,.a's~t .O~.~:l~f;~,.~,:~~~~r~~:~e~~ined:r~~i .. , .. ". ·:·1 
.. :;.';'~-:'A ,c6ri1p~:t.er~;1~a.sused. -pi·th;is:.·case~'.~nd:.tpe·'V·?-lue' o~,(b};·fO~::' "_. 

·····.~j~±c~ .'itt:l;7»iffS· .sl ti~f{~~W,,,~;i()~~\id,.:~eq;07.8: .. ,., 
.r.p

", :',.~'. _,~. ; I., ~ ... 

. ' ~'" 
- ._:.:.,,' ..•.. " .... 

,/~:::. 

"',,' 

, .~ .. ., ; 



:\' "",-' • .... ".," " '. J • 

; ~':' ". . . ',' .' '.::' ; .. ~~ .. 
'''. ' • A' .~ 

.. ,,,.<:·JHE-SIS'«:~" 
.' ',' ....,_RoBE~f COi.t'EG(. GRADLAJ{'stH~OL 

" ;>. BEBEI(-; ISTANBUL·"': .. .. " , . 
. ". ',.' ~ ," , ",:' ~ , ' (. t,. 

, . 
; " 

"0'" ':,-':.: 

, ...... '. ' 

" ' .. '. ~' 

.; . ':, 

'., .-::; . 

·/i(li."r·,}~··~V:: : '" 
; ~'.; -.:. 

...... .e(){~5.l~~ .'~ .336,'" . 24:g3e~o;,Q8t +j~.'z~e:'O:· 975t ., 
,: t" .~-.", .- " '. ,." " , .•.• '. . '; .• :- :;";. . .. , .• " : . 

.. ::;"".. . .. ; ", , .. :: ,." ... :>:.", .. ,;,;:::.,:' .. ;,." ... ::: .. 

This equ.ation ~"epreserits ~h~.· 'putptti;: ,r~s·pdijse:·:tOf'~'aeeton$ 'mbre 

, .•. ,·"c~~r,a~~~y,th;h:~Qe sgq~aj;io~,.'(if ·2i ) ,:}'" •• g< .. · ., •.•.••.•. \' .... ,'.; ....• , ... 
. >~~t:~.,this,.'·p6int.:·~re ··g6,.b~~i{·.t6;·th?:;,.tiU;E3e.::.po$:s;ibie·:.'·.r~lation~hin's:'" 

".', ,.,(c .. s~~' ·~·.6:,~lld~O.·tn~1~},e~~~)J~til;c~~s~~Ilt;.a,., \; ,,: . '., . 

..•• ',~:~e;i.t~~:t:iet::f~:~¥!::j·fi~i:~~;~~!~t~:~sc~:T:~~A:~e;S." 
';'IIi"'i(~ is: ~~:t:t~i~, ~at}e~~·t thcit .,·R2. .~~ .. 'l~.;~e.~<ih"a.n l~l,' a.ri~.·th~,,:',;': 

V~l~e2.:,p~ ~~tk~i~r"' ci~~pa~1~~n6e :~~~~. ,£~t~~eI/16d.>~:·:'20~;<·~~c;.o~, ., ' . 
.. "' .. " .' '. ,.' '., ., -.":<, .:<:;»' •. : .. ' .. ;.>':;;:,.>~~ .. ' •. ::. .' .' , 

';'~Gr"~~ta.4~.{ ,T,h"serestJ;i<:tt¢Bs;;hp'i~""r';,dJ;;:~~~(,;j~~r '. " ,'.,..... . . 
,,:.'.'·be. ·:·larg'er·"tha,n.' ,(h) ,:. .. ·~l)ere.'f~r,~:·, ... ~t·'c<:l;!l··. p~\,,~9.pc.l~dt;:l.c\·· that ,·a1";;';\:·· 

.. ·..311~~!:1)·.' (~.@~)<,;i~~.'l.t~ ,Cci~~~;~t~/;ii"~ii·'"~"~~,.inY·'o.~.·,t~, 'P~s.!:.·'.·< .. 
·:·'S~ble."ca,ses ment:iop.ed· aboveq,~? :"~.~prese~t:~I?:e. "act~l ace:GC?ne": 

'l;',~p~nse,. the'riiationshiPSa!ll,,~g~lie '(,"~ft~~~~,;~ , . , b, ;:tnd 
,.;. "'." ,..," t ,,' .. 



.,' 
" . ~ .. 

THESIS, 
ROBERTCOLlEGE'GRAQUAiE, S~H'~O~' . 

SESEI< ,ISTANBUC ..' 
. ,~,:. 

, .," 
. ", 

. " 

", \; 
, ';":', 

(:,( ,. ,do not c'onforlli. ,-lith the experimentc,). facts~ ' .. Thusfor 

acetone .' the assufu.ed input function J,.~~ding to 
. ." ".' " 

.. '. '. -

(4.26) 'can~not·· 
, . ,: , . 

?e 2.c·cepted, btitadifferent volt8.g·~ or cu:crellt.luput. fUl),ction 

shQuld,be', consid'ered. ' 

The next section is devoted to the. investigat.ion of .a cur-
. . . ' 

rerit input function 'Vlhich '1:}ould' satisl'y both the 'response charD.C-

terH;ticsof' E.cetone and· the previously measured circuit const~\pt' 

requirements'. 

4.~ 5CUHRENT HiPUT 'FUNC'I'JONS:', 
., ~4 

',. ,> To deal·:\'Tith current input <iunctions"it ,is' ·illore c.onveniEmt ., . . , 
. ,': .... .' . ',". . ... >':. :"";'>'~: •. : .... ,., '. ~ .' . 

to·use·:.the' 'c6nf1gurati-<;m, of ·the,:p:rigi~l 9,AJ;'9,uit~·gi ven··.by.··Fig •• tr.~.3·?·~: 
.. . .> ... . .. '.. . ti~u~scrijlts,~~ii'i;:F~i!·:tf;~;i; .... ...... '.' 

"" -,,-, .. 

. ,', .. <. ,~- > .. 
~--~~~~~--~~~--~~~-----

.,"- . 

: " 
'. '.> 

~- .',,,~. 

".,' :',.,,,' 

....... ~ .", ~" ':.: .-' 
. "', ~", 

" ...... : .. : 

..•.• ·;.! .•.. ~;F~:.a:~::::;::ii~;,~:a~~:~:~t;~fH1~t~~;~;~i::~~~:~;::r;:;~.~~;· 
thg<time.·i:ler:i.v.~tive·:qr·)Th:i.cIA·Y.iEfld's:,tl:i~:~·~,XP:r,e·SS~qm:9r·:t4e)·cie~::'/ 

, .... · •• ·c; ',,' .:' •.. :: .••• ' .. ' . ;.\.~-.~~.;~., •• ,. ,".'.' •. ,' .. :: .... ~,~ •...•. 

. '.~;J.r.~'~:.c·\1i~ref1t: .. g~Il~~~£O~. ' .": .~::',.:J .'" 

.... ''-, '. ~ .. , ~ , -' ,", " : ;,' : ";':. :... , .. , ~ .. 
. ' .;' ~ . ' .. , ;, ," : 

~. ". "'. I ... ::, ; 

. ';··St~·~;:~1.i1~r~nt.;'~n~t1t:" ':',,: .. ... , ",' ::, 

...... ,;C: )=:~~-.; ')', .... ; .. ~'.I-~:':'/~~ .'., ' , ~.. ~. , 

" 

,.' .'! 

. ,,;': 

,,' ~. . . ,'.i t .;. ~ . . , . 

.. 
.... ; .. " ' . 

.. . • !. ,'. . 

: .' , '. . 
~'.' ; 



! ... 
~ .r> " ., 
r ., 
f 

, 

. ,. ' 

,'. 
, '. 

····.i •. ·· 

'. " 

: . 

".~' 

't':, 
":,';THESIS 

ROBERT 'COLLEGE:GRA'O.UATE.· s6·HOOl:.' 
,. '. eEBE~~I:ST~:NBU(;' " .. 

. '.' ';' 
. .",. ~". 

.','.' . 

. " '.' 
. ":, \vith tlds'c~rent J.llPht tbe.})ti.tpilt<:~lilr.be~;:. :. ,; '. '<. " . ? ::'~ , I .':~. t_ • 

' . .'.". 

',: 

eo(t} 

": " , .' , 

. (1~. 18p.); 
....... 

Zes),:::' . ',1. • .' s. ~·b·.·.> .... " .. ·. ,,< .... :· .. p.n· ... d ... , '. Cl +.G2 , ~~. 
":.' . 

• '! . 

: '; 

.. :.>. sidered·.,· 
". : .. , . ..;: 

•. j. ,'. 

... 

,'" , 

;" 

. . , .... 

B.,; iiponent:!.o.l "currcntdecay: •. , 
. ", "'.:.":. - :' .. . .... : ... '".:: :', ':- .. " : 

. ". '. ~ .' . 

•. ' ',J 

" -. 
. ,' ... :.' .',' ",:. ::: .. "'Q". ~ .. ··e··:",··?<-.'.···t,.·::~~.· '., ':.',':.1" (" ·.·s\)· -, Q 00< .. 

.
. 'e" ~:'. <><: .t)"· .< / : ~( t: ,) ""-' .( h "::;4)" . 

. , ,,:. • '. ..Lo,. .' , .0 ',:' '. . . :,.~ :'.' S +.0<."",.., ., •. /. '. 
,',:,'!: "" '".J, .,. 

, ' . . . ,' 
',: , 

::. 

. ~ '. 

. (';"!"\~'.~~l?)~; 
'. , . ~' : '~, . 

..... , . 
\' : 

,,'.",.. '_., 
, " 

•. , .Thegr~Ph . of. this ~quation' is repres~~t~d \~,Fig:":<~· •. io. 
;: ' .. . . ..' :. ,:' -: :,: .. '. ,'.',...... : :"'.:;~.' . :. ,:. : . 

", 
' .. 



-'," 

" •• , • ~ , , . _, ... ' " .... I 

' ...... ' ".:Ttt~$t~, ,,~',' ". 
RO~ER~ ,COllEGE·GRA.oUATE,SCHOOl.·' 
" , . 'SEBEk;cISTA'NBUi:::":'" 

," 4 ~:~ • 

'are:> '. ;~.:.<" 
( .... <~ :' ',;;.,. :.;.,' "," , 

• <,. " 

:.q' ~'·Q6:;··£·:~··,~.'1,,:~"~,B~:0("'~.) ; \~;~i~&}'·· 
.. ~ '. . ~' 

.' 

;,)tt.}~·,A;i*.f·~0:>,: .. :,: 
~"'.?~""~ .. '~:.'. 1., ';.~' 

" : ,~, ' . 

"',' 

; .. ';:- ".,'';'., " .. :': ... '."' 
= ~6:,.', .. (:;?·.~~;~it) :k~,;,P~:.·t .. 

~:." ;.~t'''".'' :.'\' .. ::'~; .. ,,~ .... 

',: ._~·~.t~.'~,1~:::".: 
'::;". , .. ' ,,:.~<~, ..... ',.'. _ :-,:1. , 

~" ~ ~:;:,"'." .. ' , . ", 

'c«:rr~nt:'de6ay' ~~~~~h.;·~,~"~~n~~~~Q:}±il~.i:":V~iue;;;, " 
"', :;. .' :.?~a:!:i.,~·:~q~ilti?~:~.\~::,::; 

:'.: .... 

, ;.' 

. 'Cl.~ =¥t:· '.:,.: 
" 

.. ' 

oi':v;hiCl~::prOd~C~:~:" th~:>~¥;~ri~""' ge~ar~~'~r' 
:.' ,.' , . • .. :. "- .. 1,: . .' .... ~ : . _.,,", 

" ':.'-:-, 

,
/ .,'~':;.' '. ,.~::.~ 

~/ 

',' 
" .... 

dfi: 
~ .. -, ·(lt~5.9~)· 
dt, 

"::., .. ' ~ 
' .. ,,' 

-~ . 
'I'(fJ).'· 

",' ,':;. 
" 

.", 

',' 

, ~ ",' 

.t, 



~. , . 

.< :: 

"',. ..... '. . ... '. '.-' 

.... ' 

" '.~ . 

,,', .,.,,tH'ESIS,"":" ,' .. , .. ;'~' "'. 
,:" :RoBERTCOllEGE·~R.ADlJ~rE.sct:iool;"··· 
':, <'~ , ,BEBEK ,ISTANBUL' " 

,.' ' 

. :' 
. . . .' 

( L.. . .,.)'. '.' . . . " .:...? .J," ',,': 
':-" .. " 

'eoCt} 

".:", 

',~: , . 

. . ,-' 

,:There 

'., 
..... 

" '.' .. :-'. '.' 

,- KJ. '[ .•..•. t ;,i).(i :~>b), -bt' (~ ~~'a) :, . , 'J' ...., ~ • _ -r, . e ' +' . '". -o(t. , 
,.' p ", ----- ... e '.' 

. ,r ·,'.b b(b, -ex), ,',' ".': (b' ;"0') , :",,' 
'. <,. " .: '. '. . . -',' . ~. ',~ 

, .. ;. 

,', 

':,;: 

" " " ',-

Ki'~,Cl ~~2, ".' ." ' Nllen, th.is;,,:tun.ct.iO~i~S; .. plotted, we'qb~a;,:if1;': 
.. : :/. ',' 

curyesimihLl~,to .the .a.cetone "r~·spbn;e;.:>Fig'~;' l.j:,.li'. 

. " 

.. :' 

e' 
":,0, 

." '. 

": : 

, '. ',. 

'. ,',' 

.. , ,', . ...... " ~,' . " 

, ,.~ .1 

.' " 

. ' 

:,,' 

; ~ .•... ,. '., 

,-,-,-~~o--:.:.:...:.,--~..:.,.,.. \,,......."'~.' .:....;.. ~~~"~:t> 
"., :,'. ,F~[r~ 4'.11:: " ", ',: " 

.~ . '. 1: .. ' • : .;~ . : > • 

.;" 

" ,~ , 

,. ~ . .'. . ..' . • . ,'. I ." : . ;.:". ,' .. , ~ 

.~q~atior{( 4.62}"l1asthe ·sa~e.' i(di.~': ~aS'~,~~~\;;'~i~~":(4:~26 )',.'C.~d;:::,'; 
,.th~l~~t~re ,'solutions ,bf'tha~, e~~q~i~n.~~.'~,';be;;.~~'s1gne'cito.·', ~4 .• 93}, ,< ':,' . 

.. , with a, slig:ht ·.changein n9tat;i.OF·~'·· :~Tl~llS\~~':6~tain' 

" :-: 

,;" . 

," .. ' 

.:; 

;" .. :' 
, , 

h=o.o,i8~'~·: ,·':sec,.':"l 
... ' 

,.Q<~=: 0.076", 

r :~: 'o.Q27 

';'~ec'/~~ 

sec.'~]:, ." 

. " 

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

.. ,: ...• , . 

" ~ .. :' ',: ; . 

. ... ':".:' 
:.-:~: " .. 

,F:rom: the abqv~ :'con.~.t~h,tS." -K',' and ... :90\",",~,~l;l.:.'~~·';;,fo'Und. 
,'. 

.: ," . ',: 
~ .';. i: 

:j 
" ;.-... j 

" ' ,,', .~;' .• ~ 
,j .... ', .. , ..•.. '- _.- ,1 , 

" ::, ' 



.' ;-

.... , 
. '. 

.' ,';' 

.",'" 

. ,; 

"'.,", ,': 

. J:- ", . 

, ..... ' 

. -.'.-;' " 

, . " 

:, ... '. 'THESIS;:' , .. ;;'" ., . 
.RO·BE/:lT COi.l~GE .G~ADUATE· ~C~OOL' . 
J, BEBEK .1STANBU(· J : . 

. ,;.: 

' .. -'. . 
""""'.' 

.... ;. 

",.:' 
..... 

.' . 
. ' 

"'-, 
.. 

, " 

.~fuen.these,.~~~s~~nts·'~;e.sUb$t:itut~4.,.~h.·:.:.':(If' .. g3:)':'··~· \~e:::haV~.'~:"~.· 
::" .. ':.:~: l,. :-': .• ,.~, .... ~.\ .' .',;":.- ',1 .,::.:'" ~:': - ~,:~,~. ,'-'#"'-', > 

. ,'", 

c ." • ." • • '. ,'- • ,.,' • .' • • •• ~ • :,,~, .' 

.... 

. '. -,<: 
":, ;":" ..~o(t: >=52[0.336 .. ~ .. ?l;. ?e~O;¢7et,+,.2l;j~~T?,;076tJmv; 

.. : ,"; 

','," 

", ... :., 

,;' . , 

-. ~ . 

'. '·:.:.:··It.:ls :s;e'en<t~~t il1this .eq-uati6~.:":::~h~ci;'>:b'are·~eariy . 
•. \ ·f,. ~:.~ "'::'<'" ,.' :'" "> .~.':" .~:~: ~ " .. - .. ' ~ 

,:',eaual'~'." .·For .the·sP,eciaf, qase of ·,Q(:.=~b·;·'~:'1(1i.e;;'dete'rminat1on of 
:' .c'~I1~tani:s ~s:grea tly·s:~tnP·l1.fi~d··:,~~,f~e' ob~i,~~":;()rth~s'ease,' , .. ' . 

. . .;. . ..... ' ','.' .. ':. ,.,.... .. .... : ';~.': .. " ... .". , 
.' :," " •• '," ,:.: '~" '" .t , - • 

" .' ~'.:; 

. '". 
'.' 

• "'. ,', ~ ,,' p • ~'=1::i.~: 'O~'Q90':':, 
.. (lr"'66') 

r ==.O;O!tO 
,;" ",,-. 

'," 

eo (t)" '.' . ,.J IC~~~~[~.i.·:,:::,:~·~.;"_:~~·~~)fJ,·j· ',.:,;.,:: >. 
r ( C1 +:?2 ):l'h ' .. :. '~'.; \:' ... b:.: ::':.:. "':,.,~:~J .,:. ,; 

. ,~ .' .. ~ .. 
)": .... ' 

.. " 

'y,ield '~11eequatioIl; 
',,' 

;"'-' 

, '.-. , .. 
"', ,,>.' ~ . , .. ' 

·':"6.'09t .], 
e . . . 
.... .. 

" . 

.. .,.,'~ 

'-, 

",.', ; 

'," .'. 

. \.:' 

'.t," 

. "oTh1Cli' is>the:'most'sccUrate' represe!).ta:tion· of" acet.on'e respons~e 
. -' .' .' - ,.' . . • • ,. I. - ~. '.'. .: •• r • " ~',' 

9'Ur ",experim~itts.~, ..'.. ... , .:~.:.', . 
'. :<GraPhV,;lh < .•• : Apl'endix ·:rvi .• ~ iV';" .. a:"g"ip~fiSQri .. ·~~, thl' •. ; ep~e,. 

-~. 

;' ..... ' .. 

,,' '::;sent~t'lve':eq~~1dotis ~e.rived' in. tll·i~.'.~~c~~on2 ::·r9r·::~c~ton~..··' 
: i' " ." '. • '.. - :: ~ . .:- • .'#,.;'.:-. • - ~. - , - ~ .. ~ .', ':r>, 

. :.~ .~.< 
-..... :';, .. ' ' ... ' 

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

l' . 



" 
, : ", 

, " 

;". ' . ", ,/. ,," ,', "1 

. .;. '>~'lA~r~ll~1 . ". ". 

ROBERT COLLEGE 'GRADUATESCHo'Ol '. ':;.,' 
':' .B~~Ei<ISTA~BUC:',·''''···''·· 

' .. 
'. I," 

. '-; 
.... 

\ .. 

' .. "~,' 

" .. ' 

i··: ... ~l~ ~' ...... ~. ~:.< .. _.: '. ',' ~ 

.' . . ~ : .circuit:,:ls·' given ,.bY.,'· , .. 
j', ,~ 

' .. 
.. ~. . ....... 

. i .(~) =[ .. -1tHi(~ )J', : :.', 
J.:'" ., 

. ' ~ .' -

.... " 

--: '. 

,,' . ,.':.'- '~l( s)' '.' :.;, :',<.;~ 

" ..V1he~e'~l(~). • ~S "tl1~Jf~¥~.;ig"nlill)Pe~~~~#tif:';·Ai .' • and .... '. Ct· 

·,~'qu~i:t8:;:·~::~·' '. "::,,:-,'" '.; -': .. :':~'.: Y''':' , .... 

. ',,': . ':--

.:-. , .. ', 
, .. ' , . 

". " ~ ... ' .' 

~h~"e, }i~ hail con~;deredthreevbl£~g~'I;':~t' f:un~:~io~~; namel~. • 
. ,tlle 'stori '~~tiO!l, ·,·the . ,idn~~r' fi;~/iuri;'ti~~.;allii:th~~~~o~~I\tiaY 

..• ~ :~~ 
, " .. , ~ ,. 

,-.,; - :' ; 

','. " 

'··'.,':,l}'~tep:Ft~~'tip~ t';""" .':~.~:'" .. :.:,,,.,;.. ',',',:" '" "':' 'I 
.. '. :,f~iiecili-r~nt 'g~~era to'r,~~~.q~c·ingt~i9:)rl~iit.'.:voi~ag §.:. &q:~.6~ S ,. " ' 

£11<i~ara1i.e~comb'lnatiQ!lOf R.J).f:i1cj-'·c'tJs.; rrom (It. 69), .'. ....1 .~:.": ...•• .. . !,' .\ •• :.:c~l 
found'. ito.be:' ", """':"1' 

..•..•.•.•.•...... ~i(t)'~[rEh~s +~),l>~,/'v·'(lt,1i):c .. ! 
." ...... .•.. l . " s J." . . "". ";1 

" -.";. '.," ' , 
,'. ,. .' ". ,c...." ' .. ,':'1 

" ';' ~i( t)~,EiC 1<5 (P; ~~ci;.:;';(:i;),. " ..(\t<'Z2j;\j . ,,;'.'. :' 

,. , : . , .. ~ , " .' j 
;'" 

" ".:, ~:., < 

-;., . 
I.,' '. 



';~ ". ,:.·.t ~. ,:', .' ";". :;' ,. .~ 

. ~'.,': .,;'r.H'~SIS~.·,~::y:~?;::\:.·:; ~:\,/,/;'~.' ';, 
ROBER-T. COLLEGE, GRADUATE:, SCHOOL '. ;, <', -"",,' 

. 'BEBEK':·IS.T~.NBUl;'.".. ··':,;,if'.::;:\>·!:.~, 

current 
.......... 

2 .• : ExPbnent:i~i:,:v~itrige, Ipput::,:. .' : .. ' .::,)J~:~,}:}/".: 
: .' !{ere tl,eeSi~"tfo~ ,~ftIie"hl';erij;':g~~Jf~¥~f,~s .' 

'.J; ..... " ..•. :., ,-' 

ag~in.i~.,:: 
, J' '..' '.' - , .. " -: ~.:" , 

;"/ 
:,', .. 

i" (t V~E 0< c(;~ :r·.~t,,·a; .. ;~,:,-,.~,\'+)." 
,i "', "~."i.>l";'~.,, ;',.,.. "-_" .. "', , '," 

~ ~' . ..... . , ' ..... -: ;',; , 

ft~lct'ibn:splott~d',:i;T~<h,a~,e .. ~t.h$'~:6_~te·,_i~\~~~~.:. ,:~'-~r"':: ," 
_ .. " "/~. ,.,.;..r,. :~'ib:$.~i,--~~~~~:.:~e.~~;l~·:tl\~ t.>i :.;, 

, , .~s·'''the '.~dcir· lll~iecuies: ~~ach :' 
',the' ·~,e,.~~b:i~~:;:s~r·i~~e. . ,-, 

. :..:.:. ~ .. _.:, ._ ...• _=--'-'-:....-" ;..;. . ...;.'. --:-'-...:.."~" • ...;, ..• ', .• ·,,:::q;t~~~~J~::r:;~:~C:::~:,' 
" .;::ivhich::de-peilc1,s< o.n.:.~l1e::ty.pe·i:)/:>" . 

'~~~r~nt)·,t~:~:':c~nstartt·.fin<ii . 
" .' ", ./. " . -'". '.' .. ",- , 

,.,',: .' . :"" ,." 

>' '; .. 

. ', ..'. . . ',·;:t :odOl'fui'tc~~~'tt'-;:f~'b~Und 

.. . Rig /~;:!;t ,'. di:~~;'c1;rl,,;~sistance, . Rl 

.'\'thou::"ll'the ab.ove cur~~ht,"~erier.ato.·r"i.,s, :;.:~bt':V,·o.11d" ,. for 
.L-:~,,,":. '. ,9 - -~-

a~ ebdn~iis ha~ l>eeriprevious 1)' ~iscuss~~:i3}d~taj:J" . it 

,Yide;~ru} ~inS_~1C~to 'the r~sponS.~S.·Oh~.a:i.lle.g~:~.~~1?·9t:h~r.(JdOrants~' 
',". 

" .... ; 

., ." 
. ,' .. , 

.. .' ... '._:,.J .... ;... _, 

As~:haS:'beenilien~CiOned.'~'ar.1i~r, ,cur~~n:t --:input', funct~6ns \'I~r~ ,. 

", c9n~j.de'red~1~eifiC~~J.~t?im~,a pr6P~r, :~!l~U,tfO~J"acetplier~;'d" 
.~, . '., .-

. ",'. ',. , 



': THESIS:';' 
.. '. . .... . . . ..... ,' 

. ':. .... .'.' ROBERT :COLLEGE' GRADUATE SCHOOL . 
:.' : BEBE~ :ISTANBUl' ! ... , 

• • • . . . .',' • ...: I' ,~ .• 

. ,- ,~.' .' ", .. -- . ," ' .. 
.-,-:' .. 

1-:, 

ht~lasfo,md iii1a:t' anett~')Uential cur;e!ltde~a:Y".With . a ~()zdei~ 
c~· ;rinaI 1ialue

c 
could. be an answe:rf:or '~h~.·c~:s:·~··o{ac:et~n~·~·:· : .. 

< ...• ··....Fig • <It .~i (~) ~d(b) In,i~tra te tl1ecii'rge~n~ ciir ;~nt 
, '. .' . , .: , . - . ': .; .;. ',' ,.. ,-:. -.' -~" .' :: , -

:.:;funci:;ibns ofthisinpu~~ 
, -" ... 

. <'. ": 

.t., . 

_ : • _~ .' ~: ~, 'f , • 

'.: .... ' 

.. . ·;·+.i·~~'? .... ,.~ .. :~ .... ~;:: ..... '., :; '. " 
··.·f (K~.o(,},:~·;<·.·: 

;·c. 0.:' """,." 

" ," '. :-<. : 
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~' ".' 1 • " 

'~. 
, " . , .. ' ~;" 

, " .. '';'.-' 
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:; , .. ;" 
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'\ .' 

.:- . ~' .. 

. .•.. . .rt:·is seep. ~:frOln: th~~e ·'cwr:v~s:.t~<'{~;'··f:·o:i<;J~ige·~a~hes . of ... :t·,:·~;,: 
" .. : the ~~a~g~" ii.··a :·+in~ar. ;~cti~~:'~f~~~e : ~.~d. ~~r;'~~t:"~~~1JJne~ .a: 
:.,' . . ".: .' '" . ,,:' .' ::".'/ " '" .:. ". ~'. '. ,:' ',:' ·F· ''-'';:'.,'" ', .. ,; ....... :.,.,.. .'~' ... . 
__ ., constant value. " lfue,r,L Fig'. 4 .. 12 .g;:n,d .. Fig.)+.~·-J.:3(b'Lare ,c~ompared, 

~,?'i't":fs '~>Gen"·th~f·trie . .' ~~r;.e~t func~.i~ri~·: ilav~;: :~~·~~~~t;ally'~he·.:S~fn~·""> .... 
. '.' . ".'.>:, .' " .' .. \ .. ' .' : ",'.: .. :.' ':: ; .' :'> \ .. :.: .... , .. :~::..~. .-:-:' ...... ~:. . 
',.":form;:Inftct,; tne·;·iJ,1putprod1,l~·#.ig··tlit3;'·9UtP~tci.~'Fig "-1~~·~2}.that , .. ". ':.' . " ... ' . . ........... : ;:-' . ",. :.:-' ·oi>":·: '., ' .,.. . . .. . 
'~".·:;<is,.t~leVOlt.age:i~j;nitiUiict~??~.Ei.(1·e1.~)~Ji~ only.a 

::::~:~:::e::::rg~::::~~:::i~ti~::~~:~ttt:[l,}~~r:':~t:A:?t::J
i 

. >:. <if}'T8 conv-ert: the 'current generatb~ . 6.r ·Equa~.iqn ·If:~.59 t'c>'- .8:n 

>~qut'la:i.erit;~p it,~~e.~;'~el'8,tbr.~o,.';'~i~~.fh¥:?~~~Jt~~~ c~m~lf,:1;:i6!,,'> .. 
. . of;<~' ··"·;hd'<:bi:·~. ar.~ ··c~I1-r).~cted .. i~_:.~er.~es;·' '.(~~~~.~v~ ;:: 

e:t t;= 1\; .t,{+(ro~"~)e"Y: .··~· .. ·.·.S~';,,~'t'{~J~tl.·.· ..• , •....... 
2·· . rG" 'e;. (Q{" a)· ... . ;·'a(ot. ... '80):·" •. :; .. J; -,~ , :: ,~>~, .. " " ..... . -, ~ , .. ,' ,-':'. ".,' . "'.:.~~.;~' ~- ~' .. :~~.: .::-' ',:' 

'.' . . \<,~. '.' ;-:"--' .;> :'.' ' . .':~.:'./ '~, .•. 
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~ Tali ( "1;~e7~0(:t'):., '. "" .,>" .' ' ..... '. ,.(It··~75·) :::.-

i) .. .,here ·KR:oauiie ca~ed ~i • ..Th~refq;'e ,u~~e co~<ii tions ..,'. 
: ;,: o'r 'cliarge., bui1a.-up .a;;·e~ :~mch .th~·t t'. :~.~.:~:~, :.- ,~'.. . ..' .' ".::? 

;',;.. .'. v,' . ,'.; .': '. ' •. 

. : ...... ..' ... '. ·.~l~2..·,' :·;R~~ii .. : .. ........... ,' .. . 
.. -,' ., . , 
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'.6fFi~·:r~:~!~~~~·;;t~~!:~~~;~'~h~~<t~~;;/~r;:~~i;1~tzs;~i~~h,:t. .•.. ; ....... . 

· ... · .. c·~se···db·~·?:··~ot·,h()~d;a~d):·t~~··.~olt~g·e"·i~~~t:.·~~~:~i~~'<has.to·,;et.~i~'· 

.... , ••..•.••. H ; ..• ;gt::::~~7~:: .·~:ma0:7l~r~~h~S.:dis:u~~~gri.~~ .••. inv~~t.i~a ~e·.. ... . ' . 
. ::. \~he:the;t'~:the,·;eya.lua ted i :co,1}stants' of .. '·lf·.:;63'''.agre~.:w·i·ththe .impli~· '-

· · .. cati6::.~~:\\~h:ia.::::~tt;;m:::~:;>:~:b;::~!:i::~_!~:::.~; 
,: ; .':' .. ' ;;: .. " .. " ,.:",: ::', ,' .... :: " .•... -' .. 

' .. ;''-'measuJ.-i1n rr 'd'\3vice. arecons't~nt ·?rid'.ha~$:::the·'ima:ghitudes of' orders 
-:.' < ",', '.,". ,. .~ '.'~.' ......... -. :. ~ ,> ~,,,,,., ...... :- '.' ,:, .. -: .. _ " ", ,",: ,.:,..:'" ;':\ ·.··f-.::.--.·, ... ~,,~ '.: (' -"",." 

10'14 'ohms 'anel' .. 22pF ... respect-ivelY •.. :.we arso:-:~1.Ssu..n~· that ~·.the de":' .. . . .' . ' .. 
,,' -'.'~ ,' .. ~ ,....:.- .. ~,.. ~ .. ' .. ' , . - ~ . ." ',' .' . '/~':'~.".,: .... ~ (~,~. " .... ' .... ~'. ,' ...... '. ,:,,~:,: ~ ... ,', . . .... '.:: .,' .' .. ' ... ;-;~~,::'<'::."" 
,·:teetor· oapac:Ltatice Q,O{3S ';not: cha.ng.e,very; mUph.:·:.;)r>+:~h1.'.the.· m~asul:~~': .. · " 

::; .'. :·~~n~:'·,~~ii·.~~~~:~:ita~ce·' w~~:· tound:'to"~~'~';:220::~~':,::"::~If:'~!e '~t~l~~'h~f~' " 

\,/.~aiJe~;~(1200,pv, ·to';~CtO·h .. ~ .. ·.·,.·.n.;.~.td'.'e· •.• ·.tf .. Oe··.·.·,·fc.· ..••. ·:.· .. 'or.f· ..• ,:,· ... r·., .. ~'.:· .... e .• :: .. ·· .. · .•. ~·.·.' .. :rd ... ho'~m.·. :.,g.' ~:··a:~~er·ibe:·:.':;:\:'.·: 
(,':appli:catio:n.of;t'ht{·od.6ra:nt·:t:6.~ ~ $,' ~. " 
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::hliilS. 

Fr6'm the me8.surements ,of Che_pter .III, Ri ,';as found to be 
. .'. 

,Tilerefore,:the· 'abov€i, h!o ·value's can be considered 

··,to, be in agreement.: 
'::. 
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, •••• > 
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,~ -,'. .' , 

. " : .,'< ;-. ',' ': ~":'. ' ,".:.;<~,:::"" '... ", .'>', 
In· :the· 'p,r'evi'oU$ . f.o~r ,.chap.teri{"bf>.-this'~·iePQ'i't;' ··.beginning: .... · 

. a .• ~e~~Oiieq~.(les.q·r.iPti~11,·.:oi·;.<,t~~:;Ei~·bt~~?~;6'd~~·;ii·.':~~~:~tti~·.'·':·' 
~ ;. .... ~ ,.,.,\,,;\.:.,>.:.;.; .. ,"::~\, :.;/(,., .. -,:;':",~:-~~!~ .,~,' "~:<>'" 

~ re's panses' .obtained from it: as. it';is c6:uple(f;-:td'.~tbe:-::mea:5ur::trig: 
.. , ',"': ' .. "::' , .. ,' . .>", .. " -":,>:;:;::;; :X', . '" '.,-::', .. ' ",' 

vice,.; .. ·.'we: have 'considerec;l:,a poss'ible ':,~l~c·tl',~e~·~>~.Clu,~y~~eflr; :c·ir~'. 

Of ·.the·.System·?¥s~iJ.~n: •. th¢·ii.frefii;d~~1*j;':\~~~aCj;¢l-,'-~ti~~ .. 
;op<s oih~·od8r?J1t:;3.~:; .. lti~·phas is '. "la$:~glv~n··t~o;:~h~:,"~~:e;tb*e··· r es pOli~~." 

:I:i::;::~~e!~~~::~~:::t1:~:;1.&i~:;~~~.c;..~~!~~a~~:::::.;~~ 
" ,;.~ ",' . .'" 

:' -;.' :'~:<"': :.\.:.:~/~.> . j.' 
;.~::~~:"'--'<::.~~~-' ." .";:~~-:" :., -

':r.-~~~~~~~~~~~~~~ 

" <.'; -, > 

"" ... . . 
, ... 

. ~ 

.:: 

." .<,' 

. -' 
, . In dha~t03:' II~ .. ~flegeneral c·ha:'ra¢tel"i'$t:j:~s(. of, :o~tput . f'uUc- " 

' ... '> :.:.-.,: :·~·'.~=-.·~;"':;~·:i"·:;: ,,', # • ;;./ ,.' ,~~ •• 

~ionst thelnptlt.ch,~tacteristi.dS·b!.tij~.:m~~~Su.tingdEl,y~ce .. arid . 

. theide ~l rellresent~tion of. a· (!;telect;f.,{ iD. terinsof' het,w"k .. 
.- •••..• • .:,"'~ :., '; !, •. -... ~::.'~ , ~ .. : 

.:::::::::t:~:t:~V~:ep~e¥:~t:~1o,~1:~::o1~~~:~:iiE:~e:~::j., ... 
.:~~·ris. fci~r~d- 'in Cll~ipter·::rII.·'.': ".'.. ,,">. 

L' }> .. , . ".~ .. 

. B" . ... ..·0' '.i,CO +he.· ··op'e. o.·.met.r.v and' c:On.s:tl:;uct.idn~ of' theE,J:;ect;rb-' . ecaUs'c ... -" "'" ...... . 
, . :. ~ '. : ~ ' .. : ... '. "")' -

..... ;, '. ~ .' 
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~'r.: 7~~' -: ...... __ ~-~ .... ~--.~ __ ~. ' .... , . .;,. -'~"'~' · __ a_EB;..E_K;,;.::;_I'~...;TA ... N:...B~U;.;..l.~··~'~'·~;~·~··~' ~~.: ~-'':';' ,;,;'~' .~'. ~'~" '.i;' L~~..;.,.;;~"~<·~··-··:...J 
, " 

, ", 
" ' 

. , ~, 

" .,,~ ,,':. - ". • • • ...... , '.' •• ' "', '~.' .'.~ • : : '':. > , • ~., 

.', f9d9cell, it>\;la~'fi:r:st ,~ssutned tl1~.t;the~,:r~s'i:~t~:nc~,~s'·~oc·iated' 
'with'tlle' di0ie'~tJ?i~', of th~ EOC ':'~~llSi~·t~d/.·~'~ '.~" ~S""l,."r f a;:~,';~-

_.:: ,. l'. -"':::". , . ..'. " .• ;": ,; .•• " " • t • " 

' .. ·:,:~~~ra . ~,,~,:O'i,w, ~i e.·: :r.e:s,is'~anc e'c6inp~~~~t~ \::T~ii::,~~ stun~t'io'rr::·~~s,;_:.: •. 
_, . soon abahdohdd as' a 'result pise"erai'~eas~fejn~nt:s\'iri~Thi"~ll' both ".,'. " . 

. ' ...... : .', ",". ,: .;> ."'.- ".~.:.':'.~.' .. ,~',>:('(,:,.-,:.-:,>.::.:;,,:':>"-;' 
sllr,fap~,'.~nd. yolum~resistaiit!~. G_omp()peAt·s:.:~i.er~\.*nvestigated.:· ",' 

.. . ... ··.:d~~~C:::. t~i:::::tU::::!i::c~h:~~~I:~~~~rt~~:{ld:::···· 
'.',: ,: A"" ",;~' .';' ';', .",;' ,:-.:.( •• >'~:;':. ~ i 1, ~ .• :~::>l 

" "t, ~.' ' •• ". :.:. .:~.~., ' .~ " . ", :, •.• ~~: ~ 

, :::1 't . Totai' resista·I?-ce. does, n6t' jh~l~d.e.·':,~~i.irfa'c.~ '.:~ieie·~'ti::i.~ . ;'" . 

.•.• . •.•• ~<~ .••.• :::~;::~::::~:':~:sbii~;:,~::e~~t~~;:;;f:~::;:~!i:i:;~~i:t7·.; ... 
, " ,it; de~,r.e?-~e·s' as:;·humldl.t~r1n.c·reas~$r.;/:'It:·.als.o charig~·s.:\:!ith: 

the . pre~s~])e .•. al'J'li~~ tot~·l~;· ;~~.;i~4s~y~er~~,¥.(i.e; •.••.• Cii;- •...... 

c~ea$~~ ,~:Iith 'i~cr_e·a.sing; .p~essu~~) ~~:-~".',.::':; ,:., . ':'.':";'" " '., : .. 
. "", .,,:~,: ... ' '~:':l .. "', ~/, . ,"",. .,.,', " ';'~. :. :,.,,,,; \., ~,.' ,;:.:..... '.'". 

, , " • .. ,', ~, '... • ." .' ,. , , •• , ~" < -: ' 

. .. .... .. . .... ... ..ie~t,:otq~:pVet.jlf'd~~~~.:,,~~~;~;i~~;e.~g?~·z.~~~~~t 
:'e lement Or:th$:'·di~le:ctri<f;;its 'Qapacital1c.;a:~;~ .':~The,:;,results '.of.· . 

.. . e~pe:imen~sir1t~i~ ~ e~ti~.;.i~dUi~~~f~~;·~~i~i:~g';O~~~~Si6Us: ..... 
·Ca~irC±tar,ce.·itid~e,\~e~·. \;~tfi.{n~.,.e.~~;:ng:.~#~~~iye··.··di~l~ctr~.~ 

....... f~e;;~~d,11~i.~d~~i~~s~n~df~1~1~~~~~hi~§ess:...> 'c······ .. 

::2~/:,:Capacitanc e:a3..s·O"chang es ·.With:·.~ppliep. :: pr.~ ~.~l1re:o~ ~ tlr~ 



' .. :',' 
',' ,~~.' > 

:-;' " .. '" , .... :J. .. 
..; ~ ':'. " " .',," { 

:: .. , 

. ,.' ',.' ..... ~::''''.:., ':" 
':.- .. . . ~,," " . . "~ " "':-;: ; ." -. '.' . 

::s'eve~'ai'::vbit;g~~~nt{~c'~rfent":iPP~t:':~6ti6hs"',t1~~~':,~on~'id~~ed\r ,' . 
. • wtth •. t~~ •... prbP~~.:,,~~~e)~ctig~;J:~ti~·i,~~~i;l~~~t'-l'Cri~~·.~·,.,'·,." ...... '. 
E?:ach'·ce.~e. As' a r.esU'~t oj:<' these· inv~s,tj,g'?-tJ.:pns ;',:f~, ,was' IOUIl?l :,': 

',' ' •• ·.·.~!}t,t ••.• av()lt'l!l~.~ell~r~t"hh~~irig:'~~c~~~~~~lf4i~-~hOi.~ ',ill~.1 •• , • 

,', ,'. al~d' an~' in:t.ernaI impedq,~ce .dO.~siSti~g .\)f:-· ~~he::':~i~;&~kt;'iC tei:is-:- : ,::~ 

i.d~;::i~~:e(:~l~ftrl~te}c!e:p:~tf!~!fiili~al~;i~t:it~te',,', ' 
.. :tlH:/ eqU:i,valent';~ircuit'.~·····-: .... . c' :~,.;:,..., 

: '. . ~ . ~. , ':i . :. ! "" , t.,' 

.. '.' >.. :'.,"'. ;: .' '.' " .. ." .. ,",. 

>+i(t) .,~.iS;T: + (r-;):~;~t;:>.t(k>:~f?;j·~~l.,·., "",' ."" 
. '.'.' . 'i .. ,.reX:.· :[:.:8.. ,( 0<..,.2) . ":'" .>~(9'I.-.;a..):,:-,.,J,., . 

. ,'., .'. . . '.' ' .. ."' ,~:~' ~~... .. . " ""..; 

~ .. '~. .",; .,,' .. ". . '.. '. ':,:,,: .. ': . :~", .. ,'" ::'. \ .. ; 

,:fi~~onst9.~tsJC.·':l';'~d" ."" .. ' in' thii~qil~~i6~";l'S ass?c1aied' with. 
. .' ~nd" a.";\ri thth.e itJ.t:~r~i'>iinped~·~c~' '.O··f:· .'; 

'. . ",' ,,: ! .'. . -', ,; " ''-'' . - '. " "'. • .•. <,.;, , -" ~ -, 

" 

. ).-.' " .' - ,".' ',' . -' ~". ' ',' -. '" ~ ',. ' .. 

::, . ,',': . ' .. : Equation 5 .1iri.itsg.e1:'lel:'.?:~·form;provld~d'.an.~s,,:~er· a~ the 

·.inptit •. ·.f~l~t~t)n·O~ .. :the:· .Z:ce~t~o~e:·t~.~p.ons.e.,;~;:·a.s:::.il~list~~~:~a··in;····f~:-~. '.'. ;. :- '~" . 
c. 
!; . ' 

,.·;,:.:4~lb,\;ihere~~:.its specia~"~as.,,e; in ;vlhich;'~::~f'::-':'~ .:·pr:oYip-E}d an' 
.. : . a:!ls~ver:~as" the .. input ,fun6ticni:'of'the ·o'ihcr'oddrant··,~espo~es 

.' :,.,' .. ' ,' .. ' ' .. - '. .'",'" ":. ',: .. " . ~'. ',' 

. , . .... ' 

... ' ~' , .. ;<ihiig~. ~:.lh~.:· . 
c'. .The:.equ~v8Jel1t 'c~r~ent' g~nei.;2, tor . ~i~d, ·',~.~e.~~t()r~,·· th.~~.'ch~rg~.·. 

o'r .·th~ .. inputv6i taK~.::~~p:res~~,te~: .. by Equation: ',' 
, . '. ~" ~ .. , 

'.,:',' ,5 .{,qere:·'fl.iso· . diSllCS, Sci d and·'their:gr.Etpl~s· '~1.,r~re/~1~us.tr~,ted in 
": '. . .,'.' ",' '. - . : ' , ' '-.'.' ". ",' . '. \ ., . ,..: ' , ' 

,~ .' 
.... . ",- ... . ': ' . 

. ' . A~ th~·co;n~l1id:i.l1g9bserva.tiorisan(>·~,~:h~,~der·a~ions: of·tl1.is: 

: ' 'ChaPt~~' ~ fe"'l ~ore parag~'aphS' ma:y be add,~'d :"concer'u~rig . the :be-··· .. 
. ' ·~a~i-or .'or' the' simulated ·acetone. resPC?ns.e'in<t~l~ i.~b6.i·a:torY~·· -. : .. .... .,'. . .' . ..' , ,. ", . . . ': .. '. 

, .~' " 

.,' '. 
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';". ,'\ -. '.. . ... 

" "" '. .': " ... \ . ,,'.. . ....,. . .,,~ 

. . ' '. _ .' , . :~.:. t.. .. . . t';j: .-.~ •. :: '.':; ._ '::" " , :, _,' . -' •. '. 

,Wneh:theassumed~qui yaTe'ht:circtdt:and :theinput .. funct~ori 
. ' .' :' ,. " , :. . , ~ .', ' ,., .:;" .' '. ):: .... ":-. " ' ~' " ;: . - . ~ " .'. - .' . 

~Tere '., s.inmlated . in the' -1~b6;~i6~y;. ;the:-Cl:lang~s'npt€d::'" ,:.: 
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. Therefqre ,if the equivalent circuit i'l?have' adopted. an~ . '. ~ '. 

the input functions ~le havecons:i.dered'p~ov·ide·· a fair represen-.; 

tation of theodord.ets·ction phenomerioll, the'fol10\ving require­

ments must be met for a .large· steady' sta:t<;;value.\1ith a fast 

'. speed of· response. 
. . 

·1 •. For 8. large steady state \~8.Iii$; detebt6r~. having.:.large di-
,...- '. ",;,: - /', .:.. ' , '. '. . 

.': 'electric resista.nceand:·lovl 'Ci?pacitcince.lli\lstbe· s~iected .. '. 
, .-- , . - '. , ' .,. , .,". ~ : '. ' .', '. . . 

". > 
~ ',' '. . 

'IioHever', . the eXIJer~meIlts, in:\'fhiCll"~he'yaluesof' detector: 

parameters in reiat.Ioll' to the finR.l·~valuE{:and.the .. speed. of re- .. 

sponse of the' output Vle're'invest-igate'ci~<s·~ovTedthat the capa-. 
. . " .,: ' '-. , . '.' .,' :. . ':., ,,' \', ' .:. ~ -~;' . ., " : . 

cit&.nce had' to .beiarg~·as well. as'. thei'es:lstcmce for :optimUl:l·· 
.' .' .' ,".." '. . ". ~ - ,'. ..',.. -. . : " .," " -, 

:.. ' "~: ,:. 

'. re.sponsE' ..Therefor~,·it issugge:st~d. thClt.".fui~ther. investigations 

be carried out .a],.pngthis ·line.... < .... 

Once the detector;s Ylitllth'emdst4esired"properties can be . , .', ','. '" 

. . - . 

constructed,. rese~rchi11ay.:be(lir.ec:t~dio:,theinvestigcl~ion. of 
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. the physico-,chemical:. phenorilena.:causing the':P?tent'i?-l' build-up' 
I '.. ' . . . . .' . ~ , '.; 

, ." . \ 

-.,.' ' 

across t.he dielectrics1.1.rfe.c·es f···;: > . . ", " ..... 
. :.,. 
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··~Erfects.· of Diele.c""'.«r·).· e ',·~.\~.a·+t:>rial . . - j, V\J and De te c tor ,ca.p A~e'a;' 
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.... : 
TABLE Bl 

:,..". -, .. ,' 

" . .. , 
''''", Inoreasing Mioa .' . Paper . .. 

'1 ,225 

2 '235' 

231 .. ·'0.030uh:· .0.042.-
. ~ ~ " '. - " . .>: -: 

,-: . 

.4 
" ,. \ 

.:: : . ~ .: .. 

Ef:rectofDieleetric'Thickne'ss: . 
. , 

~ -.- ' 

-. ,,' 

·.TABLE'B2· 
,. . ... 

. , .' "MICA: .', .', 

Th i cknes s' .,' .. I--'---.."..:....."..:...----~.,.-,-'-'-:-· -'--::-, ,"-.. ,...---'--,-----1 

(10-0 em)' 

'3~ 56 

. 5.08 

7.62 

. Sample A" 

capact tanee 
(~F) . 

' .. 234 

225 

'Srunle>B" .p ...... . 

D, Capacitance "D 
(pF) .•. 

, .' 

.. '234" , 0.021 

231 

, O~02 .' .223, . 0.020 

'0.03 

~ , '. ,. 

'.' ,.' (~) When this. 'sample)1as ~squaezed, !'t was found 'thatythe 
capaoi tane€) inre ase s to, 246pF and Dincrea:3.es.to .0 .053 ~ 
Thials in aeeordano0with the theoratlcalpredietiol)s • 

'.. ..", ,~ .. . 

. '.' '. The increase in.ea.paoitancerne~·ns deoreas~.",i.~thi~kneasby 
increasedpressltrennd the: incl"ease in D means:.decrease ,in· 

< :. " ~ •• ' , 
resistance,. since . 

. '. Rp. ;::l/\~~pD". and Cp.=K~s/~· 
, , 

where; S _ eap9citorplatearsa,. t·:::: ~1f(1.~ct'rlc,thicknes~. 
,. 

c, 

'. ," 
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,The' effects' ofthiclmess:and detector ca.p area 'are illustrated., 
"tn the beloit 'table' , 

" 

" 
'PAPER 

' " 

Smaller Oa ' Ca.p' ,L~rge . 
, P : 

Thickness area a~a 

, (lO-~r C{pF) D C' (pF) ,D ,';', "em.-
' , . p , p .' 

" .' 

: " 

" 

1 '7.8 .' 1 '76 0.026 195 0.046 

35.6' 168 0.024: 175' 0.026 

53.,.4 , 164 0.020 

,< ' 

Tables ,Bl,' 132)ind B3,are also plotted on the fol1o~'1~n:g pages 
to show the. inwrse, relationships, more' clearly-

. 't' '., . - ". 
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