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Ceace 1

~ Dr. fiecmi X anyolag.

CHAPTER I
im*ﬁéni;ci IoN

-FoLLowln& is‘a “enoru on paru of the research work g01ng on -

at T obert bolleoe Reuenrch Center, under the sunerv1blon of Prof.,xTT

Lhe avm oP tnls researcn has been tofdeve“on an obgectlve

' 'odor—measurlng 1nstrument to renlace the human nose 1n the detec

 lOn and meaeu t of odor. :

Researcn on the develonment of an’ obgectlve odor-»e su*mno

»¥¢71nstrument h1 hecn 1ntenswiled svnce 1949 (l): Odocer develov—

'Eed at Purdue Unlver31ty 1n 7948 by Tanyolag and maton was. uqed

I

.»by varlous 1WVObh¢g“tOTS (2 3,&,7,0) ;Or odor studles.'“ar,~”n(3¢)‘;;

‘»wt Cornell Unlvoxsity, Dravnleks (11) at LIT 'uOnCP e ff (;2)
-{Qng and and Buetan (lb) 1n “rance had developed 1nstrumontavvo
:fbe used as obj e‘fzve oaor-measurlng dev1ces._;i"? R
. In 196# Tanvolag DP nted the blectro-odoce’l as an lﬂbu;
e "umont to aetect ﬂnd measur odor or mlcro-mlcro amounts or |

nate»l"; 3 h galr (16 7 ld)

>

he ba51c cencept eturlbuted to the operatlon of the

R

'”aﬂocel] is gif n in Lhe follo:;nﬁ def;nltﬁon of o dor mede by,

Dr. Jelle Baton =z Jr.?“.x. Ta volac (;e)

L

»f

o st e 11 o
»”..uheoret1CeLLy ak

-,ie,due to the" uaTeculLs glven off bj Lne odorants t narmal

w

“temee ature and pre_

.s’ui-t;', .-v;,m. tne f:'?

~:f.:tructure pluys a

"mador Durt 1r ollvct om.,”' B

loctros -

the mauexlals ava-lﬂble_hdve odor aﬂd ouor o

The DTWHPlJlB oT preﬁu-Oﬂ 01 the ctro odoce11 e been

‘Cesebibed by J ianyf Qlas'ia 7nw% (10) ??7’“
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:1”Thp blectro-odocell detects and meqsures thc chﬂnge 1n notenilal

3

Eﬂov current on a aielectrlc when one surf%ce of tne dlelectrlc 1s,

| “contamlnated by the nolecules given ozf bv odovants. The ulectro»,s

ifodocell 1s mnde of three parus. Fig l l

qich'hasAa surface

‘Vﬂﬁoen51t1ve to tne molecules of materi?ls and produces nchqnge in”

've surface o- uhe

" fdetector (a) lS open to thp odor molecules and lSdede 01 dlelec~

- ftr1c materlals, llke 1ca, glnss, plas‘lcs,fnaper etc._iThe

' 5conducting surface ox tne detector (b s ered with a coPUGT L

‘C:Or 311ver plﬂte whlch 1s connected ﬁo'a_c°bl' 'ciwwell;inSU1”ted

2”?;from outslde le kave and statlc chcf" sfan 1nsuletlon -fu*“*
"ngetween metal nlate and groundi‘

Part tvo 1s a mlcro~voltmeter whlch canzreCOTd the voltave

177cn@nges 1n Lhe detector"z _ |
rt tnree 1; an automatlc recordér whlch records the
‘*'glndlcation of the mlcro-voltmeter as:a ml ovolns-versus—tlne

curve”"

The alm of tnls the51s is uo f;nd ‘an’® e"ectrlcal equlvalent,,

‘circult of tn.e lbc‘cro-odocell and invostinate. ‘che effects 01

‘f01rea1t constantg on the dete0u0r~ nsitlvita
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1 %, AHMED, Z.F., T,

Ln Chqpter II the phy31cal properties of tne'transducer,
'i!the recorded data from odor measurements end the nropertles of

the measurlng devices. re covered

Chepter LII lo concerned wlth the deterﬂlnation of transducer
g cons»ents W1tn reference to an elecurlcal represenuetlon, nemely

. tne transducer re51stance and capa01tence.,

Flnally, Chapter IV ls devoted to‘the‘mathcnatlcal repreesz

.D

1, h.“btudy of Ocors Ph

1 T, |
 ske) 7

» 2. Tﬁ\ITYOLPr h.ﬂ B..rlCl J.\.s. ‘J--IO\ Study
'«JgAmerlcen Pharmaceutlcel;n550011t1‘n'
?[Vor. thIX, No. 10 October: lqso. : - |
s :3_.v C L'.[PBDLL 'J -.uo , FO Ai“f'ﬁ-ll) JQ-—J- CIiRISTIAN dnﬂ. J,a.i .Lu.x.l.o I
A Study in ‘the Measurements of -0ddrs’ and the Dé OGurl ng,c
- Bffects of Certain Materials, Journal.of ‘the Aux :
.. ceutical’ ASSOClatlon, bcventlflc ealtion,;h_
o April 1953.~* : . i

Purdus Untversity

1+ Odors; Journal of tneE“
Ticntlrjc,edltlon

TG nd J SATON
o pecdor nts

.J;ll’lpBl_s.Liu, J. i
A Proposed Metrod for De“cermlnmfr the 1
- on the Elimination of klcohol: Breath,«, of 1
‘:uharm ceutical &SSOClCthn, b01ent111c edirvoq,-
,&o. +, Anrll 1953. S

" fg;;uhloh, v,n,,aJ,u, CnﬂleIAh nd J.“. CﬁiPBuLh.sdapld Surfﬂcc
7 Tension Determination Using a iodified Pendant Drop Te cnniqwe,
‘onurnal of the. American Pnarﬂaceuuical ASSOClathn, ocientlflc
dlbwon, Vol, ALIV, ue.;c, Aug ust 1953‘ , AV PR S

uAmPB if Surtace Pneno~;‘
Annals: of the_uew rory-;-»
R;se rcn

iéz,uATOn IR ;u;? lB*bl and J

- Lomena neleteé to Odor measareaents
" “Academy of ac1encee Vol e, “rt.r. Ba51c Odor
“Correlation. v o : :
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oz,

w7?7§’

6.
L Aanc ll.u

Caz.

<y
~ &

,Cﬁu‘“ﬂu,‘y.m., J... uAT d.f lectrlcaPothtlal bhanges at
- Surfsces as a deans of " Qeasurlng Odorous'Atmospﬂerlc“uonua-
mlnat_on.'AILL Conzerence paper CP56 97' :

A iy E
';Aasorption of ' Odorous Materisls Iy ourface ‘Potential Changes
 of Solid. and Liquid. Absorblng burraces. uournal of ‘the :
'Amerluun Pharmaceuticdl: Associat on, Sed entlflc Ldltlon,

'f;.\OPPLiH J J. Bt . “n“(‘ON and J.L; L
~biel Cnungps due to the “Adsorption of Alcohoi Vapors, Journal
- of the American Pnarmaceutlcal Association, 601ent1flc -
":.gEdltvon, Vol.v{uVITI ”&o 9 oeptember"

16,
f’”'qalectvochemlcal Astimetion ovalavors 1anegetables, Food
_Technology,: 1957, Vol. xz, ﬁo.vg;ﬁ 30213 :

fll; uRuVA~u“Dh &.u. ARF Lays Groundwork:for;ayntyeulc'\ose, |
' ,C&Bn,uDr1l 3, 1961 ‘ ~ A RS

. u inlif R IEFF, .n..I l\.n Instrument for
o Odors, Journa7 01 Apnl?@d Pny510100yfvv

“,13}1ud3K;HIuR, F J. uhemo-glaCurlc Odor De ectidn, Industrlﬂl

j'ne.,eau.c:h, Julyukugust 196

Sk
*;v,'*chpmjcaL Tneovy of Odor, SC1entiflc

 T£4YOu4g L.A. ulect o= 0aocell for anr Measuren ent, Inter—¢f ;ﬁ
nationel Rhinol OEY 4 bol, 111 ‘Jo 3, Jmnuary leS R

'TA::::MK; H,H: The Electro-0docsll £or: oaor

4pur+ace u;:ects Ln Detec»10n, bpart n,ﬁoo

XOPPLIN, 7.0., 7., EATON and’T.5.

Vol. LVIII, No 8 August 195

: ourface Poten—

59 e T
HARTHAN “J.D. nd A.A iolle, hn,ipoaratus De315ned for tne

Me'sumihg;a diCla531fyin9f:f53
‘ 1*16, b July 1@61

AMOORE, 4.u.5iu.,. S UHRSTON, IR, And wpﬂiIN RUBTM, The Stpreo~ B
vAmerlcan, Feorudry 1904 "

ﬂdgl, R.J. Recent Advances in Odor ?nedry” su“ement
and Control, Annals- of the New York \_gdé fﬁgClencea,'

Patent lov 12287 of lurklsh ﬂlnlstry of lndustry on sisctro-.

*usurement aﬂd
| a.rld f\. "DR# x‘\ﬂ\ ILI\)J ,
; «',.s..nc-. , .LQ{):), .

Surface &ffects. In the book of:J.1I. BREG!




THES!S

- }'; ROBERT COLLEGE GRADUATE SCHOOL

CopAGE 5T
 BEBEK, ISTANBUL i T

"f*tuo conductors, 1; the nolecule sen51t1ve element. ,&hen tne

Cd!rWLR iL

;mabﬁ L\JG

xt “

P?OP”&TIEb OP DET C;OnthD

2,1 DEfECT PnOPLﬂT 11,53 |
| fThefﬁal- esture and the pr1n01p1e of operutwon of tne odor
7vjdetector dere exolalned ln thu nrevxous chauter. ne;e we con~_7fﬁw5:
o 51der the 1uternal pronortles of tue transducer and tne measur~:;¢a;.
 1n~ dev1ceg as thay are coupled to eavh other ln a thlcal odor; %i€
‘ measurenent expe 1ment R R |

e dibLeCVrlc of tne trunsducer as 1u 1s hela bpbween the"

t.;molecules of an odorant reach on one 51de of thls delectrlc,"
' tney produce a pobentlal dlffarence acress 1t.~ S

A dlelec PlC can be repreaentnd by an equlvalent clrcult

i;as ‘shown 1u rlg.‘.l ;f?L*' R | e ’ |

‘ e | ”.i’Tnls conceptlon of tne d1°1 ctfiq 3j;7

%j~takes 1nto accounu tna pornal

 ﬁpropert1es of une’alalectrlc tv7 P

~VOltages belOW'ltS electrlc rup-'

ffturlnv strcnvth. nere tne capac1tor C represeqts tne permlttancbr,f
“and tne reulstnﬁce r represents the dlelectrlc aoaorbtion loss;fVF'
‘?.tne r@51stalce rg rebresents the leaﬂave cowponpnt ln a per~.;l

,Iect diexectr¢c, T, aould be bero and r2 would be 1n¢1u1te.ﬂ”

S

' These two r331s+ances can be conblped 1n a 51nmle res&st nce

| placed elther in serles or 1n parallel witq C‘ ifhthe 31ng7e *?f':ﬁf

 !res1stvnce ia n perly prooortloned (l)

o 1) K101 Jmah,‘, E, 'btandom ﬂandbook for. *Hleetrital Engineers.

Pe. ,L% 35"
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As w1ll bo seen 1n Cnunter iII and leter in Chapuer IV, 1t

';rs 1mport nt to udopt an equ1VQlent crrcult of the dwelec tric 1n

Jlng to nd an andlogue 10r the odor measurln6 01rcu1t, due,.1T539

to t e fac nat one haa to taue 1nto account the 1nput reglsuancel

rand capd01t nce o; tne measuring 1nstrument as compared to the «fV‘

1nternal re31utunce and capac1tance;”“'the detector.;;f

Slnce‘?n the case of the Elecbro-odocell,-a;dlelecbrlc 151?

3355001ated wltn an actlve element, 1t eeems‘likely,that we are

conf“onted w1th for examole ES voltage generator_of hlgh 1nt nal~

re31stunce. In such a case to obtaln,accurate measurements of tnefl

.:detector output, a voltmeter of hlah 1nput re51stance should be"‘w

,.used.

As w1ll be seen from the T'eg,ul’t:s of exper_ments 1n Cnapter IIL, '

~the order of the dlelecurlc re31stance 1s around 109 ohms and 1ts

‘ CQp 01tance 1s around 200 eF for mlca. }g;fjf

| ,.'2 2 INofPRUmsr INPUT Paowunns

As has been nouea 1n the prev1ous ;ectlon the ueasurlng 1nst~f~i

-frument coupled to a, hlgh 1mpedance source snould have a hlgh 1npuLf;‘

1mpeqance.,l1n our measurements altn'the ElectreuodoceTl a “ﬂf
'”?Model;610:B ulectrometer fo elthley Instruments, Inc. vas used
fon 1ts hleh 1nput re31stance (lOlhonms) voltuge range.,

Thls electromcter orov1des en outputﬁoli+‘3 volts w1tn a low.ij

f‘lnternal 1mpedance, whlch can be connected toa. recorder. We elso.ﬁ‘

'fused an 0301110graphlc recoraer to see tne ehepes of the outputs.ﬁi};

Hewlet Packard Model 7701 A Recorder‘w1th a ﬁedel 8803 A ngh

w ‘Caln DC Ampllfler was used for thls purpose.fﬁ;

In the voltmeter—qmneter measurementSzof dlelectrlc reblgtancef

'“ﬁ*tne same elec°rometer waa used on 1ts current:range w1th a




: pedanceBI'mge AR




tual requirements

recordings’




nOyherT?eSI
¢ leakag «p“bh tnrough_tﬁ : E
, ntact with- ooth, the-hi n“an.»low‘potentlal termlnxla.
uouever,”uhen,the ‘resistance: ofathe~uhole transducer w1tbout
he” detector,dlelectrlc'was measured,




t the cen- '

nce’iaximun charge

involves the '

aterialvand its. . -




’gfmeasurenents reré

‘u51ng the ammeuer’voltmeter met d.w1un

. 'ectrode,’electrode g
'nd electrode 04 3, J

-ﬁﬁl%ageiwaé?kéﬁi{éohétant}at1%BO€V6ifs nd ‘the tlme-ox 1ectrisff??f

InSulat*ng materla st :
‘Power: oxpply.:“emuhklt Regulu-
Anrdster Keithley- ﬁultlaﬂw ge.
P951ot¢v1t_ Adanter. kelthley ¥

werLSupply
1ectrometer,
Adapte

pIodel 610 B
'y Model 6105 -













L eaeE 115

anird electrodes

ectrode for the
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volume or total resigtance

.Ln u‘le nos:‘ se'cvtlon, an adaltlo al

*,more correcx. :f-
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electrwc re gtance .Joulu be ca‘lcu

:bhls way rmvo uuc:; 1ower v lues

esults ;;"o‘; uhe cla

‘between t hiéi?»-;ié» s
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T‘T‘For thls 01rcuit the follomlng analvsls can'be made. fThé f” L

ni7_1nput io a squa”e Wave 01 appropriaﬁe freq ney,f Whep the Waveaf;:€ 

“‘?;’-fsha.pe -on ‘Lhe cuo becmnes .ndependent ot freauer’w ’Che el C}??ft "

o 1g'sald to sailsfy the relathns.;t;:.,gﬂ.
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"5'5;”}’}.‘1110 voriflas ’che correctness o; the order of capa ance”_'::-_-_‘;..'f'*




1lowing Enalysis
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o outnuu

A {"Cﬁ;sprER IV
Appno;\cf*?s .LO THE L.ILC'PRTCAL hQUIVALLNT cmcum

‘ .§ 1 nESPONSE CHARACTERISTICS

As has been mentloned previously 1n Ch .ter 2 the responsesv

-

fobtalned 1n measurements Jith several odorants had the general ;1

 'fLorms 111ustreted here agaln by Flgures # la and“h lb’¥;~e§;§ﬁ;f
.ef;also Appendl li for acetone response.eiﬁﬁe: i L
e(t) e(t)

LO have qny of these output chﬂracterlstics from qn 1nput ﬁg.
S“functlon - tranofer Lun0u10n nalr, Lhere is no unlque solutlon.ff'

tThat 1s, a number of sucn dixferent palrs cen proauce tpe same j

Hovever, 11 ve restrlct oursclves to a certaln networﬁ of:‘;”

a knoun transler f'unc:LJ.on, as. for example the one renresented

;‘eby Flg. L 3, there w111 be only few choices (unlch 0an be re—ff

evlﬂted to eacn other 1n sone way) for the 1nnvt ;unctlon, to rfifiﬁ
"fhavc tae u031red output S | ‘;_  o o | »V‘ “
| In tnls chmnter, the mathemaulcel analysis 1ead1na to an

*nput funCulon nhvc1 w111 give tha at des1red outpuu wlll be

‘econsldered.. . 5'”.k T ;eeifﬂi;wv'{'1_5ﬁ1j5”5”4;§15£1T@
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W, 2"""; EFFORTS TO’»?A“DSAL\I"T‘LL}CW’RICAL PQUIVALQNT CIRCUI‘J.’

Based,unon the data obtained frém td mea urements by the ~¢""

ﬁf:fEOC,van electrlcal model whlch would iye the‘same resPOIlSe Tor:

)

-;e reSigtance’

fﬁtne metﬂl
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in’the’ equivalent circuit. seems

0. b6 “out -of “diestions
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nay Be related : ‘COaa_nd‘b




i

ne ‘other of

Anthis” chapter




.) mist hold. -
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' Groun IV in Appendlr 1V Tenregﬁuts a.cloéa approx1matlon to
 bhe‘actu°l aceuone response. .khebcpns» of tne equatlon Te- o
,;DTCSC‘tcd hy Ln%t vrepﬁ wefeLdeﬁer”ibed’b trlql ana error,
;maklnﬁ uso of tne ilnear Dortlons ox ﬁhe exnerlnnntui curve.

: ”he output equatwon reprpscnted by Grapn TV has the etpr0351on,i

,éo(t) %jHQ;é [0 5 o.,82 é’O 1“+ “.282 'C'0°1t] ll(&,}i);};;

R

with e“o;osr ,,i jbj=“Q;lf f:and ‘*a,c4_= 0.061.

RE A«moie accurate repreeencgtlon ﬂf th acetone ‘response was.
' . found bj he LOlLOUln a 1y51e.’"

“:¥~Stdru1ng from Equathﬂ (¢~26) und do;1ning '  ;;'V4 v
| %~ B“;,Az"..'; e = = : ,‘ qrd Ll :ﬁlin o (+3L)
1¥ve oﬁt 2in tqebenu~t15“,- ) |

e (t) =1\.2 [(J. -p)+ B(A..l)e+ (B' -}) "‘Dt:l o (133)
‘qhdfifs éerivatiye« | B i | |

e x{ [»%(A,—j 1>e,‘v»b. | b“—“'“ ne Jbt] (o3
N *Qfgitlislywno-' <m3> By "bB raad ng G 3” t° it we ovtein,
bﬁe (;c)} e‘(t) I, AbB(l - B)’ﬂ%‘:iéBb(l '\)(l b)e t | f‘(‘ff‘-:35):ffﬁ”

Hefe,ﬁ ney set of conannts is 1ntroauced nere.f

p=uBj C= K2nbp(l B) ,F Bb(l-.x)(l-Ti) L (ea36)

”1 .and.(g,35)ﬂftgyes tne form

fDe-o(t)‘f-q-._'eg(t:) ¢+ PPt SRR T U R
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:;ftnrov1de an cppro 1mgte eypre551on ;or 1t, w1th real constants.

" e

"‘Thls equatlon is. more. Slmple to ueﬁl Wlth and 1Ls four conSuants e
‘7 c3n be eva usted from a knowledge of eo(t) and e(b) at
'filour points of the outnuu responau;* S  .‘~ |

e attenpted to use tne followvng datp tﬁkén.fPCm theil!

. acetone responso 111Lourgteu 1n APpendl II,_fd evéiuate‘thé i{?{

constanto of - (H 20)

(1) :tf% O‘sec.,;' eb(t) # O mV ‘fﬂeé(ﬁ)ﬁi 3. h6 mV/sec, ?3fgf
(ID) to= b gec-iﬁ;eo(t),ﬁ 11, 5 mvfgt O(t) % ;.Jo uV/sec.f;f'*

i
Ny
l?
. H

8~‘*"f‘,eo(t) 0 wi/sec.

oo "*,‘j*e (t)

24 mV uffe (t)

t
C(IIT)
£ 20 3 mV?ﬁ?eé(t) = O“mY/ééc.'

‘(IV) to=

ll :
. .ll

’_}WHen tblc dﬂta vas 1nserued 1n (@ 37) the constqnts; ‘a b a‘

” and K cane OUu to be conplex nnmbers;kiTq1s meant tha% (# 20);ff;f

uV: vould never renresent the acetone response ezactly but could

-:Vl {5The-ne set of values, slightly dlffer nt from the actualri1gfl

ﬁélues, dldfclvc a solutlon vith real COHSL&an‘dnd.thlS ap-~  f

fiproxlmutlngfluncth g Ty
ey 4 ,,hme/sec. f:i
«ﬂ2 30 mV/sec;:f,i

3 - 0/nV/sec.
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LT

-

r‘¢{ do not con;orm w1th the experimentml fuChS. Thus for

"*acetone the assumed inpuu function leudinv to (%._6) can not

‘7.‘be accepted but 2 dlffercnt voltace or. cuxrent ;npub ;uncblon *\fV*

§ 'should ‘be- conoldered _
The next sec»10n 1s devotOd to bhe 1nvest1gatlon of a cur~“’u
cnt 1nnub »unctlon which would saulsiv bot =he‘recndnse'cbaracihiﬂ
.terlSulCS of ”cetone %nd tho prev1ously measured 01rcu1t con**'nt

veﬂulrnnents.k

4 5 CUHK&NT IHDUL VLNCTLOH

To deal‘w1th current 1nput func 1ons 1t ¢s more convmnlen fg
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eo(t) = Z l(t)

. :..1

'Cwlnput mayvbe“uhe answer for

Several_odorants, but for

,yacetone lt can not be con— i4j

Trie graph of this equation is represented in Fig. .10 . -
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.Equation"(#‘62) has he same{;crm as _quatlon (%.26), and,

i be:5551gned to (w 63)

From the above constants, K and
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.'INTIaRPRuT Jr IO\I O THE - mPUT FUNCTI0H

.I ' ",-XVolt,ave mputt: 'Func’olons

,_‘, ‘¢"“ P

:_;D.ec..s ‘

arall:ei, equal o




to flnd5a_proper5;nput for acetone;;und

'Conalaerod s0801zlc;_;
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| If ve consider tho special ase in which 1= a> b (]

freduces to.gwn?

lelh onms ana 22pF  respectlvely

pa01tanbéfddgéhngtféhéﬁgé vefyrmn_hﬂ
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'f]we f¢na th t Rl 1s a res1staqcn of uhé~brdér

lo;O:ohmé,

Pv"on tho surehents of Chnnte IIT Ri was found to- be.f‘

 le9 ohms.) refore, the abova Lwo values can be conaldered

'Lto be 1a agreementi
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;Odocell Ltj as flr°t assumed that the. 4

esistence associated . -




e renresenbed by Equatlon'

7generator equablons of uhe 1nbut volt

ucssed %na thelr rrﬂphs were 1llu°tratea 1n .

As Lne concludlng obsorvatlong-andﬁ_onsideratlons of thls

fev more paragraphs may be added concernlng the oe-v

7hav1or of the simulatcd acetona responsc 1n the laboratory
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[

Lnerefore,_ll thp eau1Valent 01rcu1t we have adonted and
; Lqe 1nput Iunctlono we have cons1dered proviae a. falr represep;fﬁ ;
= tq+1on of the odor Jetection phenomenon, the Lollow1n5 requlre—f:'
,_menus nust be mot ;or a l rge steady staue value wmth a fast |

‘y§sneed 01 rcsponse.

fl;‘fFor o, 1arve SUeady state value detectors having large dl- w‘

’,{&elecbrlc reolstance and 1ow ”ap101tance must be selected.,_ f”

: 2;‘"For a fast speed o response cap401tance'must oe Tow. s

o nowever, the exnerlﬂents tne values of detector

:-parameuers in’ rel tlon to the zlnaL vulue:and the sneed of re-‘

ponse of the Opruu were 1nvest1gated, showed that the capa—

01tence hca to be lur e as welL as ble reulstence for ontimun

tf-responsc. The*eiore, 1t 15 suggested tha*‘further invest1~ﬂtlops

be ca rrled out along txls llne'ifj””}

Oncc' he detectors w1th the most d951red properulec can be 5*”
:kconstructea, res arch a y be dlrected to tne 1nvest1gﬁtlon of

‘uhe phV51CO chedlcal pnenoqena cau31ng tne potentla1 bulla-up e

',acroos tne dielectrlc gurfcces,

St
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© A..Doterminabion of Dielectric Resistiviti

ol Dielec tric

Ho oi‘ wa&So
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Clean mica
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AL

Ai;Q:aEffect of Dielecnric Thickness~i;'“L‘I'VHNA""

“ff'wTﬂBﬁE'BlfV

cap area{v

Increasing ;};-

cha

G (pF> f:fbf

Jeptem| b

© 225 | 0,028

186 [ 0,042 | .

1

| 255 | 0.028

190 | o.0d2 |

e

ey fQ;Qg? ‘

191 A:’!_o 042 1

2Bl gb;ozs

191 o. 042_ 1

TABLF B2

. Thlckness

(10""’ | >":

nICA;{.ﬁ:'

Sample A

B ;'.;‘:“>

Capacitance
(pP)

w't'v_I_),;Capaci“txarncca "

tﬁ%é54”fjv‘

;OA021x~Ji¥f

',5251f ;"f»'

0'030 4:"‘,1: f‘

o254

'p.020

EEE

225 ,”

0.08| "~ 203 . |

0.014|, - .

2ii(%) when this sample was: squeezed 1% vas found that the.” 

Thig is 1

wheres

k=

.n

>n3‘

'*JBp.

capacmtor pla*e area,

= l/wc D ,and C

= K'S/d

fcapacitance inreases to.246 pF and D dincreages to 0.058. =

. n- acoordance with the theoretical’ predictions.

" The inerease in- cavacinance weans decrease in thickness. by

" inereased prsssure and the 1ncrease in D means decraase in
'af-rasistance, aince -

t = dielectric thickness

a nronortiona’itv constant
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_.Tha ef;ecus of thichness and denector can area are illustrated
S in the belou table ‘ ' : N

PAPER

. ' f:ZSmaller Gap ﬂLarge Cap~'
Thiokness a',;,] area’ | - area:

<10"" ) (pF‘) .f D i,__.::'-C'}_')(pF.)’ D o

A*‘ 1?;é5ff1}i i2f‘i76f‘ 0.026 | 195 | 0.046 |

B5.6 | 168 | 0.022 | 175 | 0.026

SB.d | 184 |0.020| .

-‘Tables Bl, PQ and BZ are also plotted on the following papes f
to show the 1nverse relationships more: clearly.;tr;,,
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GRAPH 1a Detectrr no: 4 RH:% 54
= T with MIcA
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A
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- ‘with MICA
( ) term., at electrometer

. current (microampetres)

GRA PH b L 'iv,‘-;: ';D'\'et'ecto'r no 4.?;: 

.";.'.‘:.‘_;’.......,..’..‘.;:'.;.“..‘....4._"..‘.... ONG - e s e S

- ——— - —— e -

RH: % 54
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: 50 L Joo /bO 700 250

2300

400
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0.4

3

0.7

.cu‘rrem"*(m/’(:roamperes‘) I

. G/?APH dla
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| ORAPH. LIb

. Detector no. 4o - RHi% 54 -
S With MICA - i 07 0
' sma/ler area Vf

| (=) term. at electrometer
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S
e
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orp

current (microomperes)

o2p

- (=) t‘erm. dtasupp/y'

GRAPH Ila ~  Detector rio4
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_voltage.(volls) ~

55 77 oo . 200 - 250 00t 1980
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‘o1p

current (microamperes) - -

.GRAPH no. IIIb ;."‘De{e(_.‘to\r nod
: W/fh M/CA

RH: % 38

  ( ) ferm at e/ectromeler
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CURRENT . Relofive humidity test.
"micr.“oamp‘er’es', R S e e :

7 re/ahve hum/dlry
- ;»’.,46 "/a

tos

{o 2 re[ahve hum/dlfy
: 52 °/a

e ¥ R: 500 M s

/and ZWere obt:n/ned at d/fferent d/electrzc

P ressures Vo[toge(volts) f",i,f; {,A:f;-ff_ |




A%

v
o
]
X
(&3
W
s
b=
<
...U
‘a:
~eg
o
i
ek
e
(=]
,Cvﬂv
=
o
-uJ
.AB T
O
x

GRAPH VI

o

. 5006 ;. . 6000 7000--Savo ¥ooe 70.000

(swyoobow)

9ouppadwil )

dance

impe

:hG/f: pOl_‘(V'er

Vit0. 700 da 900 Moo

T A
60 70 gp o Mo .

So

'y
4o

3o - -

4
>

2

."

7.0

09l

0.8 1

6

04F

“o2f. .




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK ISTANBUL

.V PAGE'A\T7

P A o

(WJ 01) ssauyo/q; ‘, S L

e

‘9p

BE

. -~ .o
Q.
LJ

 picofarads




ROBERT COLLEGE GRADUATE SCHOOL . . - = . o % page A
. BEBEK,ISTANBUL"" - S i

. ,' S GRAPH VIH

ooz

. picofarads

Joez
oea
1 onz

9

(g sswpos




o THESIS

ROBERT COLLEGE GRADUATE SCHOOL

.. BEBEK.ISTANBUL " -

L eAto

APP END’ X IV




THESIS

ROBERT COLLEGE- GRADUATE SCHOOL

ace A2

' BEBEK.ISTANBUL

10

a5

047"

0.8 S 0.9 S 1.0




" THESIS

ROBERT COLLEGE GRADUATE SCHOOL

i
4

PAGE A

BEBEK, ISTANBUL

1.0

-1.5

.

 GRAPH II

-4

T

o

\

~el)= 1- 240

Sqigt
5

1426

-430t

A & |-

8.8

0.

5 o0 ,
Time (sec)




" THESIS

ROBERT COLLEGE ‘GRADUATE SCHOOL

y

raceA2

BEBEK, ISTANBUL -

e T R o e e e e e e e i e e e e e

-~
I

e 02386 12387

Time (sec)

. -}




Time (sec)

o006l

2 e
0.067 -

028

ot
te

by x>a
0.05

0782 ¢°

G-

Ce(l)

GRAPH IV

.."‘OUlpU{- ; .

03

A
N w
K e

o8
Corf
06(

‘0.9A.j"

o

R o - INBNVLSI' #3838
uN<mo& ,. LgooxumE«:oémuom:ouEwmom

S eIS3HL R



 THESIS

ROBERT COLLEGE GRADUATE SCHOOL-

- " -:éAés A2

- BEBEK, ISTANBUL,

'

&

spuomsiawl ¢y ge

_EcmE:maxm , ,.m.,.,.( V,

ww T co;o:_um o 3 0 o ..

| mcSmuo l_e mmcoqmm._ 638 mE £_>> ,_
o mco:osum m>_§cmmw._am._ %o com_._canu

A CHAVNO

~(spoanw) sboyjop




PAGE
BEBEK , ISTANBUL

™

f21, £0GRL PRY

j
o

Roh w3 A A

THiLIBR, Gearce J.y Analysis and Design OF feedback Control

Systens, ‘lleGray=:ill Sook Company, Inc, ; aew York, 1960
NI.ON, Floyd 4s, Principles of ‘utomntic Controls, Prentice~fall,
Inc., Snglewood CAELTs Mg dan 1953

TRTY D, Jogeph I, blectronic Swibeldingy Liming and suls

0

b

~

Lad

Circuits, reGraw-iill Book Company, Ine. s wew York

) . Davié ., Anolysis of Linesr Systeis, ddison-decley

——— i . o ———— "




	Tez4018001
	Tez4018002
	Tez4018003
	Tez4018004
	Tez4018005
	Tez4018006
	Tez4018007
	Tez4018008
	Tez4018009
	Tez4018010
	Tez4018011
	Tez4018012
	Tez4018013
	Tez4018014
	Tez4018015
	Tez4018016
	Tez4018017
	Tez4018018
	Tez4018019
	Tez4018020
	Tez4018021
	Tez4018022
	Tez4018023
	Tez4018024
	Tez4018025
	Tez4018026
	Tez4018027
	Tez4018028
	Tez4018029
	Tez4018030
	Tez4018031
	Tez4018032
	Tez4018033
	Tez4018034
	Tez4018035
	Tez4018036
	Tez4018037
	Tez4018038
	Tez4018039
	Tez4018040
	Tez4018041
	Tez4018042
	Tez4018043
	Tez4018044
	Tez4018045
	Tez4018046
	Tez4018047
	Tez4018048
	Tez4018049
	Tez4018050
	Tez4018051
	Tez4018052
	Tez4018053
	Tez4018054
	Tez4018055
	Tez4018056
	Tez4018057
	Tez4018058
	Tez4018059
	Tez4018060
	Tez4018061
	Tez4018062
	Tez4018063
	Tez4018064
	Tez4018065
	Tez4018066
	Tez4018067
	Tez4018068
	Tez4018069
	Tez4018070
	Tez4018071
	Tez4018072
	Tez4018073
	Tez4018074
	Tez4018075
	Tez4018076
	Tez4018077
	Tez4018078
	Tez4018079
	Tez4018080
	Tez4018081
	Tez4018082
	Tez4018083
	Tez4018084
	Tez4018085
	Tez4018086

