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ABSTRACT 

This research studied the microwave response of using a microwave sensor at 

frequency of 2.45 GHz to maturity development of durian fruit (Durio zibethinus L. cv. 

Monthong). The microwave sensor consisted of two patch antennas to couple the microwave 

signal from a durian fruit. Experiments were conducted on durian fruits at 91-123 days after full

bloom. One intact fruit on the tree was attached with the microwave sensor into the durian peel. 

Microwave sensor response was recorded everyday. Meanwhile, three durian fruits with same 

size and age were picked from the tree for every third day to determine their maturity indices e.g., 

reducing sugar, starch, moisture content, dry matter and dielectric properties of durian pulp. 

Results indicated that microwave sensor response linearly decreased during the first period during 

day 91-103, then linearly increased during day 104-118. As the wave from microwave sensor 

penetrated through the peel, it might have interacted to one of the maturity indices in the pulp, 

possibly moisture content, during 50-70% maturity. Dielectric constant of durian pulp at 2.45 

GHz was not directly related to durian maturity thus, it may be considered as a confounding 

factor affecting microwave sensor response. The transition of microwave response was 

approximately at day 106, implying that durian maturity was about 70%. In conclusion, 

microwave responses-may-be-beneficial for durian farmers. to predict-the suitable harvesting 

period because of its non-destructive characteristic for durian maturity prediction. 
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.c:.QI JdQl tI QI ~ ~ .:::::.. .t:::lt. tI d QI tI 
~ l'U 111 tJ'U :lJ1\91 (ItJ

q 
'.i ~ I:l' ~fl 'HI:ltlflfl t'Wflil '.i ~ !:lJ'U nnuu '.i u'.i W'\.I fl ~ 'Yl! 

q 
'.i fl'U'W'U 1icu q 

"i i ~ .. ..; lit "i _.I ...""1It "" d "" '" ... _I .. "'" 
'H:lJfl'U'Ylfl~ l~tJ 'If!Clf'U!Clffl'.ifll:l'U 1:lJ Ifl'.inTIUI:l~I:l':lJlJ\9Il~fltl:ltl\9l'.itl UI:l~:lJ1\91(1u'.i~I:l'~mfl~flfl• 

1. !~flfftlfJlml:lJff:lJ~'U n'.i~'H 11~fllfll'.i\9lfllJl:l''U fl~'\.Ifl~!Clf'U !Clffl1fl g'U1:lJ1m nvJ 

. " 
tilJ tll '.i ! tJ ~ tJ'UUtJ I:l ~ fl W1:l':lJ,j~ 'Yll~ tll tI fll 'W UI:l ~ fl ~ tltJ '.i ~ tl fllJ 'Yll~ !fl ij '\.I fl ~! i1 fl 'Yl!~ fl 'U~ 'Un 

' "" ..'H:lJ fl'U'Ylfl~ i ..'UU\9II:l~ '.i ~ fl~fl11:lJlJ'.ilJ'.i W 
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1. 'VI'J ltlfl11:IJff:IJoWUtl'lJfl~~ lfllHlfltlffU fl~'lJflWlfUI9ffl{f1gUi:IJ1mnrJtitlfll'J 

IU~tlUllUCl~~Wff:IJ,j~'VI1~tlltl.flWI Ifli'j llCl~f1W ff:IJ,j~i~fll~ml~ tl'lJfl~'VII~ tlUoWU tl'l1:IJ nu 'VI fl~14 q q q 

iU'lhn~tI~\9h~ "l 'lJfl~f111:IJtl~\!'JW 
a ~ cv .t:::! ~ rI do cv tIi y 

2. ~ 1m fl~ :lJflllCl ~~ 'll'U rnr\9l'J 1 ~fffltlfl11:IJtl 'Jtl 'JW'lJ fl~ 'VII'Jeu 'VlU 1i'l1:IJnu'VI fl~
OJ q q 

l~tli~I9fUI9ffl{lltltlflgu i:IJ lmnrJ 

3. , ~fu f111:IJrllCl~ I'VI flU f1fll'J i~ f1Wff:IJ,j~i~ fll~ tl\9l~ tl'lJfl~ 'VII~ tlU I~ fllrIU ms 
OJ q q 

o """j "_ 1i_ I- 1 <Ii 'J/ '" i 'J/
Ul UU'J~~tl\9l 'll'tltl~Cl :IJ'll'U~flU\9lfl U 

i 'jJ j} C), .... I cv "d.. I 0 i d d do 

4. ~'lJfl\lClI'll'~u'J ~~tlll'VI ~lU fll'J'VI1U fffltlfldl:IJll:IJUtll Urm mum tl1 ~Cll'l I'JtlU 

d 0 i_ 1 I 'J/ 'J/ i 'J/ "j , '\'I IIJ 0' _.1 0 nnurumn uI~tlll'Vl'Jllmtlll\9l'Jm1~\1tl\9lfl~ 'lJfl.:jfll'J 'll'19fUI9ffl'JflClU :IJ Iml1"n'VI1Ultlfl11:IJ 

~ ~.
 
1. .:jlUl~tlihrlU'l11~'lfiA rm IU~tlU llUM'lJfl.:jU~:IJlWllil~ U1\9l1Cl~~h9f U~:IJlW 

2. 19fUI9ffl{f1gu i:IJ1mnrJ~'l'*iU rm \9l'J 1~fffltl '~furmeenuuu ~il\9lIW~ 
'" '\' '\' i oJ i'J/ d '" '\'",0' I

'Vl\01JUll~tll:IJ UtlllCl~f1W~ (2551) 9f.:j 'll'f111:IJtl 2.45 tltl~Hl'J\9l l~tlflltll'J\9lfltlffUfl~'lJfl.:j 

19fUI9ffl{llff~.:jlrlU'J~~tl~111m\9l~ 

i 'J/ '" '" i ' i0'3. fll'J'VI~ nnu 'll'l'lI'Juu 'VlU ~ 'l1:IJau 'VI fl.:j U 'll'1.:j Ufltlt) ~ ~ ltlff1U 'lJfl.:j Itlll \9l'J rn U 



• • 

, 
"'" tJ'YI'YI 2 

. , 
1/'" 1- 1 .cl U .q

fll111~r1l umfJlfl'U'f.}!'H.lU 

l'J!~tI'U (durian) ij~fl1'VltJ1fY1'CY1l{!~tlfl'h Durio zibethinus Murray fl~1'U1'H1 

Bombaceaceae ij~'Ufh!'Ufl1J1!1w'tnht11~fl'U!~tI 1 'UUfl1J!m~tlll~1'Uflflm~tI~ 1~ !~'U l~H,,~ij.. 
"'U 1fl H" 1 '11 tY ij'l1 'U111U'11 eu '.i 'CY~1~'I111'UiT'U l~~fl 11!~'U '.i1~1"fl ~ H" 1~!"1l~fl'U (king of 

tropical fruit) 
. " 

ifltl~'U1rViutllltlm) ''U'Vll~t11'.i~1''fl~lh~!'VlfY1'Vltlu'Uij 4 ~'Un l~Uti. .. . 
QI d' do I rJJ d : QI <C::.\ QI d. 

1. 'Y'l'U1im~flll Hml~1I"'U1flflfl'U"1~!"n 'U1'11'Um.h~1l1W I nhmll H"lI 

w ,y y w y v ,y_~ y +~y dt d 
"nlJW~flfl'U "1~ n" 1Ifl1'U'I11U"~fl1'Ume H"flfl'U" l~lJ 1'U nuH"1JlI!"n'U fltl '11 'U111 !"n'CY'Uu,,~ fI• 
t I rJJ d t QI d d' I , Y Cl ~ d • I d ll!t 

"1flfl'U "1~!" mm ~ 'CY'U "fllJW~"fl~'Y'l!llll'CYlI1J'.iW '.ifl~'Y'lflfl 'U"1~" n !'Ufl"~ !fltlflflfl'U 'U11 'CY!'I1 "fl~ 
~ ~ ~ q 

flfl'U flfl'U~l~U1~ '.i'CY~1~'I111'U l~flfltliT'U !"~~lmrlfl'CYn~fl U"~!lI~flij,,'U 1fl1mu. .. 
" 2. ~'Un~~u H"ij"'U1fltl1'Un"1~O~1mu 'I11'11Untl'.i~1l1W 2.5-3 ni"n111 H"ij. .. 

" " " '.itl'VlH'I11fl flfl n"l~Hm:Jfl~ 'I11!~tl1 n'Urifl ';fl~'Y'lflfl'U~1~~mli'U1~ifl'li1H,,1'11oiU"~ff'U !Ufl.. .. .. 
do do .a QI .... I<C::.\ ~ QI d I tjJ d do 0 d rJJ 

"~!fltlfl 'CY!'I1 "fl~ lIfl trnnannn '.i'CY~11l'l111'U1I'U !1I"flflfl'U"1~!"mm~1I111'U1'U!1I"fl'Ufltl 

" 
3. i'Ui'l1l1fl'U'Vlfl~ H"ij"'U1fll'l1tY 'I11'11um.h~1l1W 3-4 ni"n111 'VlHH" 

flfl'U ~1~ tl11 ij tJ1 HmJ mtlH"U'11 "11 l;;iiTn l~flfl m~lIl'Jnl;;i '11 'U111U '11 "11 ~~ ! 1'U'11 'U11l!~ 'U!'I1 ~tllI 
'.J " " s~'11 11~ '11 'U1111'11 oill ~ ij'l1 'U111!~ n11~ UCJfll fl~..r 11il CJf ~!~ tln'l1 'U111~U fl U11 t~ tl1~ n1 'UH" 1 '11 oi 

v ~ ~ v 

d I Y Ci -C:\ Y l::'t ,: do.a I 
u,,~ U'.i ~ ~1~nm~t11'U H" 1I'U fI nhntl,,~ 11~ mu1 '11 nnu'U'Vl'.i ~m euen !'U fl '11 'U l'CYt'l1 "fl~ flfl 'U .. 

do , Y rJJlII' -C:\ot:!l -C:\ Q,I d Y do ~, 6'1 ' 
"~!fltlfl flfl'U" 1~ U'11 ~ 111 Ul!~llflllfl '.i 'CY~111 '1111 'U1I'U !1I"fl'Ufl tlU"~ "1J!lJ'U'CY1'U l'HUJ.. 

" 
4. ~'Unn1'Utl11 H"ij"'U1fllh'Un"1~ 'I11'11umh~1l1w 3 fihn111 'VlHH"n"lI• 

tli'U'Y'll~ifl! 1I'U 'Y'lt~lI'Vln'Y'l
'U 

'I1'U111t~n~i'U 'CY~1! 'CYlImf~H" n1'UH"1 'I1oiU"~tJ11n11i
tI 

'Un~'U
q 

<n rcrfl
'U q IV I 

"~tfltlfliY!'I1ilfl~'I1'U 1tJ1'Un"1~ '.i'CY~1~'I111'UiT'U !1I~fl1l1nflfl'U ~H1 'I1oi.. 
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.c\ "" .c\ 
U111f1t11'U8,unnJ~1f.JU 

'YI!~tI'U!~'U11!~~rhJ,;''U ih,;''U9'lHff~tJ'J~1llW 5-15 ~1l9'l'J U9'ln~~~~'UllllUl1~ll 
• OJ • 

... 1 ~ ~ Ji 0 v J lIJ ~ ~ 0 3J.:::! , C\
 

lJ m tin ~9'1 ~ ns ~ 111t1n~ n ~ N ~ 19'1'U 'IJ'U Iil !il ~ fln'b''U 'Ufl n'IJ fl~ ~ 19'1 'Uff! 'YIlUn WJ'IJ ~ 'II'J~ l1 ~ fl ~ fl n
 

flflm~ 'Uff~~~fl 1 ~ijtll~ i tJ!~ 'UhJ!~tI'J!nfl m ~ 111 tllt1~~ ij ~nll W~!~ 'U~ fl~9'IH n'U'lr 111 'J~ 'U1tJ 
OJ OJ 

~~tl1n'U n1'U iu n~lltll1 2-4 !tt1'U9l!1l9'l'J UH'U i tJ'JtJ1 ~Unll'IJfltJ'IJ'U1'UtJ mtliu ~1 itJ!~ tltJ~'U ij 1 'II 
OJ 

v , v i " v i ~ I'i d.c:::S.c:::S.c:::S jJ .ct.cto ~ 
'U1~ fl1'UtJ'Ullff!'IJtl1 fl1'Um~ ('YIfl~ u) llff'Ul9'l1~ !ff'U tJm'U~H~'U!fl'U 'IJfltJ unuu flflmtJ'U 

I C\ 0" ~ jJ C\ Q,I rI 4.ct .ct ~ 
'b'fl!n fl9'l111 ~ 19'1 'U U~ ~ n~ rnu tll1 1-2 ~tt1'U 9'1 !1l9'l'J ~ nll W~ fl en rru \! 'JW ~'V'l ff 11 ff'IJ1111n~ 'Ul1 nu 

Q,I 3J QI ~ C\ .d ... I~ .c::! I t Ji 
~ nll W~ fI ~ 1t1'J~!jJ~ ~~ iu 'U'b''U fl ~~ ~fl mru ~fl nlll1 'U111 Ul1 ~ 11 U9'I n9'l111 U9'I ~ ~ ff1'U 'IIfl~ ~ ~ tt1 ~ 11 ~ 

j/ " , 

!~ tln'h 'V'l !i7fl!lifl!~'U ~m)fl'U ijff'IJ 11~liflffnijffm tifl~eifl'U ff1'U ~~flltl'U flmlifluti~~ij ff!~tl1ti'1 
OJ •
 

dd : I J ~ dI I dI Q d
 

"!n11ff'U19'11~ flfl'U!'Ufll1~'U 11 mflfl'U ruu'IJ~1l'J ffl111'U 

'" I IIJ ~ ~ '" " 
'V'l\\l'U1f1l'J'lJfl~~~ff111l'JtlU1Hflflnlfl!tJ'U 4 'J~tI~ (,,!'IJ1\\1'U U~~f1W~, 2539) 9'1111 

. " " 
rnntJ~ tI'U Uil ~~11ll1,:rnuM'~'IJ fl~ ~m~'U l1~mnw ~i 'Uf1l'Ju,j~ ~~lj 

d Ji ~ I ~ I rI ,tid rIQ,I Q,I 

1. 'J~tI~'YIl1'U~ !tJ'U'b'1~9'I~U9'l 0-2 fftJfl1l1l1~~flfln1Jl'U 'V'ltJ11 90 !tJfl'J!tt1'U9'I 'IJfl~ 

1i'J'J11 'b'19l 

d::'l j/ 

3. 'J~tI~'YIff111 !tJ'U'lh~n~llPi~u~ 8-12 
rI " s't

a'tJfl1l1l1~~flfln1Jl'Ui'U'J~tI~lj!tJ'U 
. . " 

'lh~nmYifl9'l'J 1f1l'J !~1l111mrnuM'~'IJfl~~~ !~'U 1 il fl~l~'J 1fl!~1 'YI~~ tI'U~~ij f11111ff11ll'JtI i'U ms• 
~ .1 ",. IIJ dllJ ~ '" " "" ~ 
fl~~flffl'JlJ'J~nfltJm'J ItJ I~Hfl'J9'I'YI Ifl111nf1l'Jff~~m1~ l1Uff ~U~~111nm~tJ1'U ms !1l'YlltJfl~tt1111ll 

i~i'Uf1l'J!l1~flH9ltJi9'lff~ 
.. OJ 

• ,j/ JJ 

4. 'J~tI~Yiff ~~'U'lh~nmlPi~u~ 13-16 a'tJml1l1~~flfln1Jl'Ui 'U'J~tI~ljfl9'l'J1f1l'J 
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n1'i~Wl'U 1n1'i1 'UHCl'YIli [J'U ff11J1'i t1111J.:j~11J"nllW~n1'i I'll iW'tlfl.:jff1'Uihennu•	 u 

1. f1l'i~Wl'U1't1fl.:jl1Jilfln 

11Jilfln'YIli[J'U'iI~I~1Jijf1l'i~Wl'U11rlfl 3 1'U'H".:j~flnlJ1'U ~fl 'H".:j'il1n~• 
'J/ I ,	 'J/ 

rneu 1'Ums1Jgff'U n Iffhff'U Cl.:j ll~ 1 l~[JVi ih1J ilfln 'II ~ 11J~ [J'Ulrl'U ih~ [J11Jln;J'U 'H 'U 11J'iI~fifl[J "l 
. " 

f1l.:j~Ttl11J1J\11nf1lJ fhl1J ilfln l'U 'i ~ 'Hi1.:j 4 ff1J~l..1ll'in'H ".:j~fln1Jl'U fl~'i 1f1l'i lVlmhm!mlM'.:j• 
'tIfl.:jl1Jilfln'il~I~1J~'Ufl~W~l "l 'H".:j'il1m!'U 'iI~ijfl~'i1f1l'i 1~1J~'Ufl~ln1~1~1 une1'Uff1J~l..1~ 14 

., 'J/	 I 

~hl1Jil en hwm ~ l~lJi I1Wi fl.:j 'H'U 11J 'iI~li1JI1J~ [J'U 11:l'U ihh~lCl 1JCl1[J'H'U 11JIi1JllM'.:jllCl~ fifl[J "l 
. " 

11J~[J'Ulrl'Uihh~lCl' 'Hii 

... d 
2. f1l'i~Wl'U1't1fl.:jI1JCl~ 

11J~~'iI~I~1J~Wl'U 111'UVi'H".:j'il1mn~m~lJ1'Uf1l'i1Jgff'Unll~11 'Ui1.:j 4 ff1J~l..1 
QI d.c:t QI ='I jI til .c:t ... I.e:!! jI d .c:t I jI I 

ll'in'H Cl.:j~ enu1'U 11JCl~'iI~1JClnllW~ nru l'U tff 1JllJClflnl11J11JCl~lJ 1.:j"l ff'tl11'IJ'Ul11Jfl~fll[J'U en 

11J~~'iI~~Wl'Ul'i1Ji1.:jllCl~'tI'U1~1~1J~lrlmoU'lffff1J~1..1~9 'H".:j~fln1Jl'U ffH1't1fl.:jl1JilflnM'1JI1J~~'iI~....	 . 
I I	 'J/ 'J/ I I 

li1JI1J~ [J'U 'il1nff'tl1111:l'U ffth~ 1Cl llCl~I1:l'U fftl1~1 ClloU'1JllimoU'1ff1J~1..1Vi 13 'H".:j~fln1Jl'U 
" ... <!I 

3. f1l'i~Wl'U1f1l'i'tlfl.:jl'Ufl 

,	 'J/. 'J/ I • 

1'Uff1J~ 1..1Vi 5 'H".:j~ enu1'U li1fl'il~ Ii1J~Wl'U 111:l'UI'UmtifllJ 1.:j1ff 1~[J'iI~ Ii1J 

QI I d.:1t	 d I QI Y d lqyt d J.I 

~Wl'U I'll1nff1'U'YI llJ'U'ifl[J~fl'tl fl.:j placenta lJ'UI1JCl~nfl'U llCl~'iI~~Wl'U1'i1'U 111J11J Cl~ t~'YI.:jI1JCl~ 11Jfl 

HCll'Jli[J'Ul'ilityl~lJ 1~' 1J'~ 9 ff1J~1..1'H".:j~fln1Jl'U llCl~ijf1l'i~Wl'U11~m1111J'H'U 1fl~ln1~1~1 
~ d.='t.c:t J. v G'd d ='I.c:t t:!I ='I .c:t .c:!I Y til tJ'dQI	 QI 

ru fl'il~I'i1JllJ'Uff'tl11 11Jm'tl1ff1J~1'H 'YI 10 11JCl[J'UllJ'Uffl'H Clfl.:j'U1Cl uneuru ffl'HClfl.:jl'tl1J ~ 'U ff1J~ 1'H'YI 

Y QI QI d ~ 
13 ~'i eunurnrCl~ Cl.:j'tl fl.:jfl~'i tms 1~1Jfl111J'H'Ul't1fl.:jl'U fl 

, ... 
'IJl VI '1!1u fl111Jllfll{fl'UtH1J &'1t1U 

..t "'?t "" y d. 1 1I)?t.1 v "" I d 
ru fl.:j 'II1n 'YIl'i [J'U ru 'Urru fIl tnll ~ 'i 'YIlJ 'i ~ 1'YI fl' ~ 'YI m u 'U lJ 'i ~ 1'YI fl'H HCl~ IICl ~ ff.:j flfln'YI.	 ..

" .	 . 
-;;hfiw'tl fl.:j Ien ~.:jU'Ul'~ fllM''YIli[J'U'tI fl.:j' 'YIm1:l'U Vi[Jfl1Ji'u 1 'U'i~~lJ'U 1'U1'lf1~ une 'i~~umnn 1'U 

u	 • 

" ~1'U f1111J1J Clfl~ fl[J'tIfl.:j ~lJnflfl&m~ ff.:jlffi1Jf1l'iff .:jflfln ~.:j' ~ijf1l'ifi1'H 'U ~1Jl~'ii 1'U'YIli [J'U ~.:ji1..	 .. . 
Y. Y 1 t ~ ~ v 

1.	 'tIflf1l'H'U~~l'UfJWfll~ ~[JfJWfll~'tI'U~l (1J1~'i!1'Uff'UfIllnll~'illCl~m'Hl'i 

" 
m1.:j'lf1~, 2546) ~fl.:jijflWfll~~.:j~fl'1Ji1• 

='I .c:t t y z » tJ' .c:tY 
1.1 llJ'UHCl'YII'i[J'Uff~'YI.:jHCl~'ifl1J'tI1'Y1ff1JlJ'iWIlCl~m'il1Jf1l'UHCl.	 .. 
1.2 fffll~fll[J'Uflnijfl111Jff1JlJ'iW11iI'U11ff[J..
 

111 l,c:t 0 ~.d d QI \f] l,c:t & til 
1.3 ~1J1J~l'H'U'YIl'H'U'lf~I'il'UIlCl~ ~1J1JHClm~'YIlJmfJWfll~fll[J t'U 
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1.4 ~hjiiff~'.iVl'lf~iiH~~ij'.itl~tlfJW..t1 itl'tJij\lH~~H~ .. .. 
1.5 tI~ij~Hlltlfl11lltihJ'H 1mdij\l'lltlijW'H.f)iJ~l'HiijijW'11 .f)iJff\I 

q eu q IV eu 

1.6 tI~ij~'lltltl~'Utl~~'.iff'lf1~tltl~tltl~ijll 
. " 

1.7 fffll'Wfl11llff1J1J'.iWflltJt 'Ut{jijfftliliiimtll'.iH~tltl~'tJij\lti1iji~tlti unu.. .
 
, "I!J/"i <!I ... !J/ "I '''' !J/ , d "'1 "I!J/

t~11m une Ifft])'ll'H'.iij'.i1lltl'U~ij\llllltl'U'.iijtJ~~ 5 'tJij\lff1'U'tl1J'.i .f)f1I~ 

" " " 2. tll'.ill1J\li''Ut]Wfll'W tl1J\llrJ'U 3 i''U ~\liJ 

2.1 i'U~lfffJ 'l~iiflWfll'W~~ff~~H\PI1llVl'U'Ii' ~1'U1'U'Wffll1J'.iW1liU'ijtJtl'h~ 
q q q qJ 'V 

'W ii ~tlfJW~'H'U lllffll1J'.iWm \I~lllVl'U 'Ii' tI~ 1tJ'H'U III ilitl~tltl~ ij~'llmh 'H'utJtll1'U~h 'H'I11~tlU' ijtJ~ .. .. . 
ilimu rsnuij\llM'Ui ~'I1~1 'l'Utl~~ iliii H~ rrs ~'tl1J~ ij~1'Us tI~tlfJW..11'ltI'tJij\lH~ '.i1ll..1\I~ ijflWfll'W.. I " . 
flltJt'U t]wfll'W'.i~Wh\ltll'.i1~1Ji'tlmtl~~tll'.i~~ii tJ\I 'l'Ufll'lf'U~1J'.i'.i ~ 

~ ~t=1 d Qld'o ~19J' 
2.2 'If'U'H'U\lllt]Wfll'W~~H~lll'W'Ull'l1'U1'U~ffll\J'.iWtll'UijtJtl11ff1ll~tl~~ 

~ iliffll\J'.iW~tlffij\l~U~~ ilifh'llf1t1'tl'.i \ll'lti tJ'UlfftJi tI ii~tlfJW~'H'U lllffll\J'.iW~'.i \ImuVl'U i 
tI~ltJ'H 'U III ilitl~tltl ~ij~'lltl~1'HiJtJtll1'U 11l'H'Ul~tlU' ijtJ~ ilirrunr (1llij\l1M'U i ~'I1~t 'l 'U uneiliii 

. " 
H~m ~'tl1J~ij~l'U 1tI~tlfJW..11i tI'tJij\lH~ '.i1ll..1\I~ijt] Wfll'WflltJ'l'U t]Wfll'W'.i~ wh\l rm t~1Ji'tlfJ1 

tl~~tll'.i~~li tJ\I t'Ufll'lf'U~1J'.i'.i'l• 
" I" " I 'II I 

2.3 'I1'Uffij\l 'l~'.i1lll'lti tJ'Uiiilil~l;r'U 'I1'Uii~ \ltl'htl~iit]Wfll'W;r'U~l ~1'U1'U~ 

ffll1J'.iW1liU'ijtJtli1ffij\l'W tl~~'Wiliffll1J'.iW~tlffij\l'W ii~tlfJW~'H'U1llffll1J'.iW~H~llli'U'Ii' ii 
'V 'V cu cu cu cu q 

• '" d !J/ d"l' d "I!J/ ... 
~1 'H'Ul~ tl'UijtJ'tl Illff1ll l'.i(1llij\ll'H'U 1~'lf\PI1 'l'U 

rjJ 0 iJ t:.t I QI tI'j) t:.t ': QI' QI ~ 
3. 'tJijtll'H'U \PI \PI1'U'tJ'U1 \PI H~'tll'.i tJ'Utl~~~'W'U1i~ij\lll'U 1'H'U tl~ijH~\PI\I'U 

3.1 Vl'U{'lf~iJ iliU'ijtJtli1 1.5 fn~tli'll lm~ilill1tltl114 fI1~tli'll 

3.2 Vl'U{'Hllij'U'tlij\l iliU'ijtJtli1 1.5 fn~tli'll tl~~ili1Jltltll1 6 fihtli'll 

3.3 Vl'U{~1'UtJl1 iliU'ijtJtli1 1.5 fi1~tli'll 

3.4 Vl'U'Ii'm~\PIll'tlij\l iliU'ijtJtli1 1.3 fi1~tli'll 

" 4. in~'.i1'lffij1Jfl11lltlti'tJij\lH~'tltitJ'U tl1J\ll~'U 2 ~tlfJW~ ~\liJ• 
QI ~ ~ d d iJ ~ QI QI ~ ~ 9Je!l ~ 

4.1 ~tlfJW~flltJ'Uijtlflij 'tJ1H~tl'tJ\I ffl'tJll lllijffllHffH1'tJ1'l~'.ifftlff1tlllij.. 
"~ • v 

1J~ nw '.i ijtJ~ij'.i~'H i1\l;r1H~tl~~~1'U H~ t])'\llitJtli1t11tltl~\l1J1ll 1\PI t{jij~1J;r1H~tl'" 1tltli\lH~ 
d 9Je!i I ~ d d ~ J I I ~.d 9J QI 9Je!i 

nn tJ'U 'l~ '.i en11 'tJ1H~ uu \I tl~ eufftlHll 1tl'tJ'U '.i ij\l '11 'UIII '11 1\1 IIIeu1JtImtJ'H utu 1'tJ I'll rnu 'l ~'.i en. .. ..
 . " 
i1iifftl~ \I tI~ltJ'H'U lll1~lltllf\l iiffih~l~ iY\lttl~IM'U'.i ijmrl'UU'U1tJl11J'UiY'U'W.. i~i'\PI1 'l'U 

4.2 ~tlfJW~flltJt'UH~l'ltitJ'U ~tlfit~ll~t 'Uu~~~i'U{ 'l~tl~tl~l\1ti'U tlff\PI\l~\I 

~1'.i1\1 1 
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'" . 
Al1H 1 ~fl'I:JW~flltJh'\'l1't'\~l'\.1fl~HI:l'VI!~tJ'\.Htri'\.lfl~U9iI:l~ ..~'tnr 

'" ..... U1i• . 
~1 

let ~ ~ ad: 
!Umn'l1l:lfl~ H1!lJl:l~ffUl~11:l 27 
l.c:l ~ -C:\ d d. ': do

!Uflff!'I1l:lfl~ H1!lJl:l~ffUl~1I:ltJUmlJ 30 

'" '" !Ufl ff'\.l11tJU!'I1 ~fl~flflU ;·btlJ ~~ ihl~lJtJuU1~11:l 32 

.... t! .:l 

m1Anlli:l'8'lJfl1UJ'lJ1"1W'\.l8~'rJ~1f.lU 

ms ~n 'ilfffl1J fl11lJ1J ~ 1J,)or'\.I fl~ 'VI!~ tJU ~ iJtJlJ'~' U11 'iI 'iI'UU 'iI~ fllfftJ~~ij fl11lJ q, q q q, 

'l11Ultu'UflWff~!fl~~fl'I:JW~flltJUflfl'\.lfl~HI:l'VI!~tJU!'l1U ff ~!fl~tJl:lltJ'I1 inu ~lJfl~U une '1. ~'~!fll~" . 
Jt do 

!.... flV1~!fftJ~ 
::'I 3J
!lJU~U 

~~.c:I .c:I GI "GI GI I

C}f~11ifll,)~,)1'i1fffl1J'iI~lJ'I1l:lmflWC)1fll')ff~!fl~~~~fl 
, ... I.:::' GI " 

uu (fll:ltJ, 2540) 

'" 1. ff ~!fl~ff'\.lfl~ HI:l i~tJVi'ill,)Wl!m tJ1J!-t;tJ1JflltJ' U~U!~ tJ1nU 'VI!~ tJUUriff'il~flih• 

flflU !~u1J'u 't'J!~tJUflflU'iI~~ff~'m~UU11:l 
w 31 i 31 d dd 31.1.,; 31& <!I"; w 

2. ff~!fl~fllUHI:l ~tJfllUHI:l'il~U'\.I~UI:l~lJff~'\.IlJ'\.IU !lJfl~1J'iI~~ffflfflfllJfl umsu 

31 31 I d 31& I 31 d d .1.... .1 31 .....1.1"" 
rnu HI:lUI:l1Ufl1~HI:l't'J!') tJU 'iI~~fffl11fllU HI:l't'J!')tJUlJffu') ~1J1fl'\.lU rnu HI:l1J') nwinnu I:l~ 'iI~1J1lJ 

i~ !11U,)fltJ9ifli~!'iIU 
'" '" . 

3. ff~!fl~'I1UllJ tJl:lltJ'I1UllJm1'~ ijffulml:l!~lJ !tJ,)l~UI:l~'I1fl~ltJ ~nrU !jjfllJfl~ 
3J d ::'Ictj} .c:IQI 3J I • do_I 

'il1fl~lU1JU'\.Ifl~HI:l'il~!'I1U'I1 UunlJUff!'\.IlJ '11 UllJlJl:lfl'I:JW~fl11~flflfl ,)fl~'I1U llJ'I11~ !11:l11J1JuI:lltJ 

3J QI j/& I d. ... I.e:::::.. 

'11 UllJ!'\.Il'111flU'iI~~fffl11lJffu') ~ 

4. ff ~!fl~,)fltJutJm~'I1'h~ .... HI:l'VI!~tJU~Uri~~'iI~ff ~!fl~!liU ')suuenuu .... '~fl~l~ .. '4 .. 

i~!'iIU tJm~U1J1~iU{~tJ,)lfl!] 'li!~Ui~ !,;U ~U{~lUtJl1 

5. fll,);lJtJ~~ HI:l't'J!~tJU~uri~~ !rlfl~~~1HI:l'l1~fltJ~~flflfl 'iI~ .... mfl'1. ff~~ 'li~u 
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_I 1'J/ d _I "" d '1 I 'J/ "l 'J/I I I I

7. f11~lJ{lVtJ 'I1'YU~tJ'U~1~ lJfWI~Vfi'VIl~tJ'UU~{I~~'U 'UU~{I~~'U'il~tJ1'U umrnu 

f1'U u{ldhh~~l~f1'U'lilfi'U 10 1'U ~~J'U l~vih.m'YJl~tJ'Ul'U~'UI~lJUri~fi U{ld1~ nllJ'UfftytlPW 

.e!t I d d .e!t 1 I t I 'j/ d d 11)31 
l~ V'U 11 H{I 'VI I~ tJ'U 'VIl'I1 {IV 'U~'U 'U'U unumaunrrumnnm ~~ 

8. f11~t!tJV1tJ 1~tJt!tJV1tJH{lllJ'U~1'U1'U1'Uml~~VfitJ1'U 1'lf'U i'U,r~~ij 1~l1m 

100-1051'U i'U,r'l1lJv'U'VIv~1,*l1m125-130 1'U f11~t!tJ1'U'I1~VV1tJ'tIV~H{I'il~U~fi~1~f1'UI~fi.wVtJ 

H{I'VII~ tJ'U 'il~ uri l~ 1fi11iJ~ijVW'11 fl iJm~tJ~lfi11. . .. 
• I >I 

9. ff~lfi~~VtJ~fim~'tIv~~b 1~tJ.yj'VII~tJ'UUri'il~mb~fim~m~'il1tJ'1J111'.1~H{I• 
d c:l c:l ,J

~H lf1'U'I1'U1lJ'il~lJllJ~l{lfi ~ H~'tI'U1J~~1J~ltJ 
>I >I 

1O. f11~'VI~ffVtJ 1'Uih 'YJ1~tJ'UflV'U1I11V1'1Jlril 'U U1'il~'illJ 1I1'YJI~tJ'UUri'il~{lvtJ 
: QI J. QI d 'j/ ~ v d' 'j/e!l QI I .e!t v 

11. 'U1'11'UfiH{I IlJV~~H{I'VII~tJ'UU{l1tJfi'tl'U tIl'VIl~tJ'UVV'U'il~~fffi'l1'Ufitl1~lJV til. . .. 
do I 91& 

'VII~ tJ'U un 'il~~fff1l tJ1. .. 

rnsA1l'ilinmUtJtJ1til n fl'UfI &&tJtJ'~fiumJ 
d d d d , t ~ 9J 91l::L:::I .... 1 rI 

f11 ~ Inu rn tJ1 H{I 'VII ~ tJ'U 'VI Uru'11lJ1 ~fflJ Uu u ~~ l~ u 'il~ ~ V~V1fWH'VIlJ lJ ~ ~ nuf11~ W. QI 

.. 
U{I~f111lJ"Jf1'U1ty 1~ tJV1fftJ~~ihj~if111lJUri'VIN f11tJml'l'l1 rn tJ~11J~ ennuf1'U ~~ IlJ'U f11~ 

~~ 1'il nnu ~ ij 1 Vfi1 ff~~l'l m~ \1 ~ U{I~ ij 1 Vf11ff~'U U1J~ ~ llJ~1'4 f1 f1 {I ~~ ri1'U I'll qj V~llJ'U fi1 ~ 
>I 

~~ 1'ilnnuuuujum tJ 'lu ll'il 'il1J''U ~m~f11~111 'VI1~ tJ'U 11~ 1 'UU{I~'U Vfi1J~~ l'YIfY~N1J ~~ nu llUJ'I11•• u 

'VI1~tJ'U flV'UVVlfflJ V ~~, ~ij f11~fff1~lm~i\PlJ'U 1~1~ tJ1f1tJ If1~ v~jjv~ ~ 1'ilffVtJ Uuu 'liVi1{1 1tJ . .. 
f11~~~1'ilffVtJUtJtJ'liVi1mtJ ~Vf11~m1'il1~f1W"f1lIW~ f1wml'lU{I~ lm~fffN 

'tIV~H{I'~ l~tJ'liVii h1'H{I '~lfi~f111lJlfftJ'I11tJ 'I1~Vlfi~f11~I1J~tJ'UU1J{I~~1Ji1~ 'tI'U1~U{I~f1Wml'l.. . 
(Chen et al., 1996) ~~llJ'U11i~ltJ ff~~1fi ~1~1~1ff1lJ1~tl~~1'il1~H{I'~'~'VIfi~iJ~ l~tJ'li~lllJ'U~• 
'il~~v~rilJ~1mh~ Vi11l1'f11~1J~~f1'Uf1Wml'lijf111lJl~mt'U lJ1fig~~'U f11~U ll'Y1f1iJf1f11~m 1'ilffVtJ 

>I 

uuu 'liVi1mtJlJ11~1 'U f11~~~ 1'ilffVtJ'VIl~ tJ'U l~tJV1fftJfflJ 1J'~'VI1~f11tJml'l11~mtJ'U nn '~uri 'tI'U 1~• 
• >I 

~1Ji1~ fi~'U ff u{I~~wml'lmtJl'U '~llfi f111lJ~fi'tlV~H~~H{I f111lJ'I1'U1UU'U 1J~lJ1WU1~1{1 U{I~ 

1J~lJ1wui1~ IlJ'U~'U 
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, _I C\ C\ 

"1l!'U~:: ntl'lJ'fIH&flll'Utl~'rJ& ~f.ll! 

~,m1~lW1U']j'Uflff::fflltll'H1'.ih.j'.itJ'\.Itl~UiJ~!oM'U!~U1ti'U~']j'h.jfl'.i::mn11 !oM'U ~'U 
~ ~ 

~i'~ UC1::~'U!'Vlfl' !~'U~'U tJ'illlWUiJ~~ff::ffll~~!~'U~']j'lJ'\.Itl~fl1111'U'i'U'.iW1~ i 'U~m 1~mr~1I1tltll'.i 
~ 

ff::ffllUiJ~ uiJ~lI::\lmtJ~u'U 1 tJ!~'UJ1fl1C1111tl~'U!~tlU '1 !rlmm itl~1U'U'i\l'.ici'~~J'U rm'l.uuiJ~ 

!~'U~']j'lJi'UHC1 1~~~ i .u11ifl'.i111fftl'U~rhtJ'illlwuiJ~C1flC1~!~U~'VW'H~tliJ~ ., 
HC1 1~ 'UN']j'U flll:: ff:: ffll tl1'H l'.i i'U '.iil '\.I tl ~'I11fll C1! ~ 'U"h'U i 'Hui !oM'U tl~'U ill1u 

~ U. 
I 'j/ 'j/, 'j/ 'j/ 

!~'U~'U tJ~iHullltl~'Utll'.iff::ffll'l11fl1C1tJ~iJllltl~'UtJ'illlw 'I11fl1C1 i 'UHC1 ~~!~'U~']j'lJfl1111'U'i\l'.ici' 
'" '" '" d d", ''I lIJ ~.I .J 'I .I.!ll ~ 

UC1::fl']j''Utll'.itll'.i!tl'U!tlU1'Y1fl Ufl ~'UHC1 unneum climacteric llJ1~ff::fflltll'Hl'.i m~lJU1J~UC11 
I 'j/ 'j/ 'j/ 

!tJ~U'U!~'U'I11fl1C1i 'UfllU'H '"~ tll'.i1fltJ'illlW'I11fl1C1 i'U HC1 1~tJ'.i::!fl'YIlJ til 11 ff1mn'U 1 tJff1'H i''Utll'.i 

dd. , OQl oIIC::.\ 0' oIIC::.\j/ 

rmnnm UfI!'Hlll::ff1'H'.i'Utll'.i1!fI'.i1::'HfJWfll~ (lIHU'YI, 2542) ., .,
'" ='" lIJ ~.I '" 0 ~ <!I<!I <!I '" 

'VJ!'.iU'U!1J'UHC1 unneum pulpy fruit nn urunmn 'U1'UtlU UC1::11fl1111'H'Ufl,,!~ 

tl~fi'tJ'.i ensu 'YIl~!fliJri1'U i my~'U 11 'VJ!~ U'U iJtJ'illlWm11'U1~Hfl'.ifl "!~ !w ::iJ~~'UUJihllJ1C1~ 1 C1 ff 
.J ., ., 

ffl'.itJ'.i::tltl'U!~fiil'U !W::till llJ1~!~'U~1'.1li ,r!nfl!UmYllHm'HlJU1i 'U!'Utl'YI!~U'U (tlC1tilliUJl, 2548)
q q tI tI 

0'.1 '" '" .1 ~ 
tl ~fllJ '.i::tl eu 'YI1 ~! fill '\.I tl~ 'YI!'.iU'U 11::1J '.i::tl eufl1U• 

1. m11'U1~Hfl'.ifl 'VJ!~ u'UiJm11'U1mfl'.ifl!~'U tl~fi'tJ'.i::tltl'Ullltl~,,!fl Fitl ils ::lllW 

0' '" 0' 0' t '="'.!ll 0' '" 0' :
30 !tJtl'.i!llJ1'Ufi '\.Itl~tl~fltJ'.i::tltl'U'YI~'Hllfl 1flUU'U~!lJ'UU1J~ 12 !tJtl'.i!llJ1'Ufi UC1::'U1fl1C1 12-18 

!tJtl1!~'U~ !rltl'YI!~U'U!~llfftluiJ~lI::()mtJ~u'U1 tJ!~'UJ1fl1C1llJ11mffU~1Ufltl~1 1 tJ!~'U,.hfl1 'YIff 
q q cu cu q 

UC1::tlC1 1 flff 'YI!~ U'U ~!~llfftlll::iJ'.iff'H11'U ~'U !~'.i1::iJtll'.i!tJ~u'UuiJ~!~'UJ1fl1C1 ~~tll'.i! tJ~u'U UiJ~ 
~. . 

~ ': ~J , QI j/ d 'oC:\ d QIQI 

!lJ'U'U1fl1C1'U'\.I'U eunu fffll~U1flC1tlll'\.ltl~tll'.i !tl'U'.itlEl1 !']j''U tlW 'Hflll '.i::u::nC11tll'.iunnrnn UC1:: 
~ ~. 

fl1111Ufi~tl'U'\.Itl~HC1 !~'U~'U 

.J 0'<; lIJ lIJ v ='" ' 'I' <; '" "f0 

llJ1~fll'.i ~'U ~~Hfl'.ifl1l1U'Utl ~fl!lJ'U 3 tl"Jll ~'Hty '1 f1111'\.l'U1fl ~llmfJC1fl~'U 

<; <; '" lIJ 0' ='" ' '" d 0'<;1.1 iu ~ 'UUllJ1tlm ~ '.ifl (monosaccharides) !lJ'U 'H'U1mC1tl'YI fffl'\.l tl~f1l'.i ~ 'U• 
lIJ '" " <!I <; "'0 t,.l lIJ.1
~mfl'.iflll,,!f1'.itlU1~~lU (empirical formula) fltl (CHP)n ~flU n 111l1'U1'UfI~UfI 3 '\.I'U ru 

1.2 1tlil1tlu~tlm1 '.i~ (oligosaccharides) !~'U~tlil!lltl1~tJ'.i::tltl'U1 tJ~1U 

1111'Uu~tlm1'.i~i'UoM1~ 2-20 m.hu ~~~tlti'U~Fitl ~1tl~tJ'.i::tltl'U~1U1111'Uu~tlm1'.i~2 m.hu ., ., ~ 

!oM'U 'I11fl1C1,1mff UC1::'I11fl1C111tlC1 1'Y1ff !~'U~'U 

1.3 ~tli1u~tlm 1 '.i~ (polysaccharides) !~'U~tlil!lltl1~tJ'.i::tltl'U~1U1111'U

'" lIJ 0' , I

UllJ1tlm ~'.iflllltltl11 20 'H'U1U 

<; <; '" lIJo' : lIJ '" 0', ' '''' 0' "".J~flU ~1l1'UUllJ1tlfll ~ '.iflUC1::'U 1fl1C1 ~flUllJ1tlm 1 '.iflff1'U i'H llill::11'Hllfll'.i'Utl'U C1llJ1~ 
u ~ 

C\"l ~ j/ I c1C)' "l I ~ QI ~ l.d .c:1 I: .c:1C\ 0' 
lI::\ltltltltlllJ1 ~flllJ1 !fl~lU m'.i ~'U (reducing sugars) ~mfl'.ifl!'HC11'UlIfl!lJ'Utl"Jll'YI!'.iUtl11'U1fl1mfl1llJ1

http:fffll~U1flC1tlll'\.ltl~tll'.i
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.:k ... I~ lIJ Y1 QI Q,I~ d .c::S ~ fl1 ~ , 2+ l!!t + lIJ jJ

llJf'ltll'l~'.i1'lfffllJlJ'.ill1W~~ ~tJtIlfftJfJWfflllJ~'YIff11Jl'.im~1llJf'l'H~flflfl'U 1'll''U Cu 'H'.ifl Ag ~~ 

. " " 
H~~fiWctHil~'l~mtJ'lh ~1fl~1'1'\Jfl'lth~1'l1~h9f 1'lf'U fl'l1f1ff llfl'l1'Y1ff IllJf'l In'lu1flff uneunn 

. . '" " 
1 'YIff ff1'Um{1 lJ leJl~'.i~fl l~ff1ll1'.i\l\lflflflflc)fl~llJf1~'tUfl'l'il1fl fl~ 1 'Ulllfl1flm{lJfl'U l1'1ri\lfl'}lJg~

'" "'''' 
" H1~tJ~'Uli~lfl'l 1f1c)f~fll'lf'U th~l'lCU1f1'.iff ,}~'h~'U Non-reducing sugars 

_ I "" "" ~ "I ~d""1-1 "" 1 ""1-1 "" _I 0' ~ 0' 'I ~ 2. i lJ'.i~'U 'YI1'.itJ'UllJ'UH'l umu lJ'.i~'Uff'l ~tJll lJ'.i~'U 3 IlJfl'.illlJf'U~ ~'U'YIl'lflflll. '" 
11J'.i~'Uiiff1'U l~tJ1.,j'fl'lOlJOlJ'.iff'll'191 ~'1 'il~l 11'U l~ 'il1fll'J11tJ'UfIltJ'H "'1f1l'.i l~lJ l~tJ11 urim l~'U1'U 

I jJ I , 

IIil'l 'il~\Im1J~tJ'U1 1Jt~'U t11~ l'lV'UIUfl'l1Jl 'il1flf1l'.iVl 1'11'U '\Jfl'llfl'U 1 llJf1ffll~ 'U1 1J'.i~'U 
'" 

"I w 'I "" "" 0'_1 _I _I 0' ~ 0'''1 w d"" d "'f
3. iuuu ~'Ul'JI'.itJ'Ullfl'lfllJ'.i~flfllJlJ'.i~1JlW 3.9 IlJfl'.itllJf'U~ ~'\Jll'U'YIll1Jlfl'YI,,!~ flfl 

~ J:1 ~ lIJ 1 "" 0'
5. ffl'.i'.i~l'HtJ fl'l'U'YII'.itJ'Utfl~'il1flffl'.i'.i~l'HtJ'Ynfl rn flfll'YIfl'.i (thioethers) ll'l~• 

0' ~ "" 'I ~ ~ ~ "I 1 ... "1 • .1 0'
lflffl'YIfl'.i (esters) Illfl't'JI'.itJ'U,,!fl'lflll rrrs ~'Hfl'l'U'il~llJ'U'Y'l1fl~eJ ~'.iI'il'UllJf'l m~ (hydrogen sulphide) 

ll'l~l~lfl"''ll~9f'l lvJ91 (diethyl disulphide) 

6. m~ij'U'YI16 1~tJ..r1 11Jm~'il~ii1J11JlWff'lff~ l'U'.i~'HiHf1l'.i1'il1tlJl91lJ 1~ une 
'" • u. . 

Q,I .c::S I jJ I" d, ... I.c:::lo lI!9. 
f1l'.i'Y'l~'U l'\Jfl'l H'l'\JW~'YIfl~lJ'U~'Ull'l~'l~'l'l'.i~'H11'1f1l'.i,,!fl ~ 'Ul'JI'.i tJ'UlJ '.ill 1W m~'il~ 'l~ 'l'llllflH'l 

rrn 'Uflfl'il1m1'UtJ'I'Y'llJi1 1J11JlWm~l'UH'l l~tJ'I~'Ufl~OlJfl11ll11fiijfl'U'\Jfl'lH'l1l'l~flW'H.fliJ~V11
q ru q cu 

~ ... 
rnnnu '.iflll1 

: ~ tI t=L=t tI~ .c:::t jJ d ~ ~ Q,I 0 IQ,I 

7. 'U1 IlJ'Ufl'lfl1J'.i~flfllJ'YIll1Jlfll 'UlllJf'l'l'Y'l'll' ll'H 'Ul'YI'H'lflflfl IlJ'U ~ 1'Y11'l~mtJ'll'1tJ 

'I ~1 1 <!i ~ d "I ~ .... ~ 0',J "" ... 0'
~'H 'Y'l'.i 'YI'Y'l'llllJf1Jlfl'lfl'U'YI l~ 1l'l~'ll'1tJ'.ifl1l1 1f1Hff'.i1'1'\Jfl'llllJf'l'l l'Ufll'JI'.itJ'U'Y'l'U1!'Hllfl'U'YIfl'l 

~ : o'~ ..

1J'.iJflfllJ~1tJ'Ul1J'.i~lllW65.9 11Jfl'.illlJf'U~ 
d Q,I tI d..c:! d d. Q,I Q,I .c::S 

H'l'YII'.itJ'U'Y'l'Uli'Hllfl'U'YIfl'l'YIlltlltllfllJlf1tJ1 118 une 125 1'U'HM~flfllJ1'U urnr 

. " " 
lfl ~'U'\Jfl'lfl'lrl1J'.i~flfllJ'YIl'llflm'Ulijfll'J11tJ'Uff~100 fl1ll (O'l6, 2540) ~'1~l'.i1'1 2 
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" . .
 
V111H 2 fl'Ullh~flfl'U'Yll-:llflijhHih)'vu~tJ'UYiihl1m~'UlntJl 118 ll~~ 125 'l'U'I1"-:I~flfl'U1'U 

d ... 0' I0'_1 d 

fl-:lfl1J~ ~flfl'U'VIH Ifill 'VJ1~ tJ'U~'U ~'I111fl'U'VIfl-:lm~~H '1 
... w " (ltlfl{I~'U~~mh'l1'um,.~) 1181'U 1251'U 

;Ii 

ill 27.31 36.90 

d d .:' II] ~
 
'\Ifl-:lll'\l-:l'VI~~mtJ'Ull~ 11.30 13.90
 

4.91 9.26 

o d~ tI " 
'Ul~l~~~lC)f 0.83 1.38
 

llil-:l 10.47 11.55
 

1'\IiT'U 2.03 2.16
 

" 1'U~Hlfi hYi'U (IU ~mh'l1'lrm,.~) 24.63 41.68 

.cd tIQI

run: fl~tJ (2540) 

I... "" 0' d '1 i !II_I o'!II 0 irnsll'Un:~'Ufll111'U~'U~W'\lfl-:l H~'VII~ tJ'U l~tJ 'lI'1J~~ff'Uf11~W '\Ifl-:l H'lI'l'U lUI 'U cu q CU U 

fl1·H.u~~fi~H~'VII~tJ'U fflllnflll,j-:l'~lrJ'U 6 ~~~'U ~-:lllff~-:I~-:I~l~H 3• 

2 60 Hmlfl'U fflllnmlfll~ll~i,*nm'Ul'U ij~ff'll'l~l1i~ 

3 70 H~ uris ~~'U~ lff~ fflll n fI ~1'l1 tlltJ~ T:ltI~: I'VIff1~tJ'\I 'U ff -:I 'VI H• 
l~fl q'fl'~i'U 7-10 'l'U ~ff'll'l~tJfllli''Ul~ 

4 80 H~llri ffllJl~f1~l'l1tlltJmtJi 'U'I1~ fl~l-:ltl~: l'VIffl~tJ'\I'Uff -:I'Yll-:l 

5 

6 

90 

100 

Ifl~fl-:lfi'U fffll~i'U 4-6 'l'U ~ff'll'l~~• 
H~llrilJlfl fffll~i'U 2-3 'l'U ~ff'll'l~~• 

H~llrilJlfl~q'~ i''UtI~:'Yll'U'~'I1~flq'fll~i'U 1 'l'U ~ff'll'l~~ 
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_~ .; _I G" G: .., " 
'U'nJ1Wfllnnf,""'i;l~1'U81ICU,"Vl,"1't'i,"flll't'i'l 

" 'JJ 1 I " 

mUIZM'U ;jmj~1I1wihViijvv1'U1tY~ 1~m11't.lu,j.:l'lfa~'\Jv'nh~'U 2 'Il'ii~ ;jv
'II q 

" "1 , " 
1. ihfltYj~ (free water) !rJ'UihViijtYljfl'U .., C'I~mfJV~l1ivu'\J1'UC'lVtlV~ iil'll'ii~ 

" " . 
{j ll~V~jV1J ..,!9fC'lrl'l1ivvdflltl1'U!9fC'lrl'!~'Uiild1'U111tljVi~1J1'U1tY~ UC'I~tY11llHHWflVVfl~lfl 

1 'J/ "" 

V.:I~t.lj~flV1Jfl'U .., '~~ltl !'If'U flljj~mfl~lflflljV1JU11.:1 flljtYti~l1iml'UVVfl'~~ltl iil'll'ii~{jij 

HC'I,jVfl11lJtY~'\JV.:Im111j~1flr:rfl!!C'I~HC'I 11! UC'I~ijHC'I,jVfllj! ~~ty!~1J l~'\Jv.:I ~~'U'YI~ rJ 
" , " I 

2. iilVitlflfj~'~ (bound water) !~'UiilVioij1J!fll~ l1ivfj~vvti1Jlm.:ltYfl.:l'\JV.:I 
'II 'II.,; 'il QI QI ~ gJ IV J:ld d ,~

tY17Vl111jV'U UflflVVfl~lflm111j ~fllfl !fll~~1Jfl1JtY17V'U~1fl~'U1i~'YIl.:l!fllJ'YIU'\J.:IUH!'Il''U !1J'U 

" "" ,
iil1'UH~fl !~'U';'U ii l'll'ii~{j 1~tYllJ17m~'U~TthC'l~C'Ilfl'\J V.:ItYlj ml117 fl'U uC'I~ijm llJl1 'U1Utl 'U 

" mn fl'hii lfltYj~ 

" fllj111fl11lJ;';'U'\JV.:IH~~HC'lu,j.:lvvm~'U 2 1llmil'U ;jv 1ll~jil'U!iJflflUC'I~ 
gJ tid", ~ Cj/ IV I ,:,.: ~ 

lJlm!un ll1.:1 nl'OJ!9f'U~111~ j il'U!iJflfl1111 ~ 1l1flV~j ltY1'U'\JV.:IlJ1C'1'\J '0.:1 'Ul~VlJ 1 C'I'Il''U '\J'0.:1 HC'I ~ HC'I 

", IV d 
(111~~.:Iff, 2547) ~.:ItYlJfllj'YI 1 

q 

(1) 

I ... 1 rI d rI: QI ,: " d ~ I d .::9 ~ tI 
nu lJ'07 !9f'U~'U111'U fl!'UVUl1.:1'\JV.:I HC'I l'J lj t1'U ~~ !1J'Umn UtY~.:I tl.:lfI11lJ1Jj \! jW'\J'0.:1 

,'JI " ,,, " 

HC'I'YIA~ fl'U1 ~fl'YIl~ fl'UViijii111Um'UVU,r.:I1I1fl fl'h ~~ijfl11lJ1J~1JjW'\J'0.:1 HC'I tY.:I flilHC'I Viijii 111U milv 
q q cu CUI
 

, 'j/ 'JI " "
 

u,r.:I \ph fl il l~fl~l!t.lV{l~'Ul'1ii111Umilvu,r.:ll~'U ~ l'\JV.:Ifl~j ld1'U '\J V.:Iii111U milv'YIA~ uu tY~,j V 
q 

o Q,I' ~ do 'j/ ... I rid rI a tjJ lJ]g/ IV I 0 Gf " "" " 
'U111'U ruu V'YI! j t1'UU11.:1 !unr A9f'U~fI11lJ'Il''U1I1~jiil'U Ul1.:1111 ~~ 1l1flV~ jltY1'U '\J V.:IlJ 1C'1'\J V.:I'U 1 ~ 'U q d 

(2) 

.,; 
urn %MCwb 

%MGJb 

... .. c:l..': '" no It.lVj!9f'U~mllJ'Il''U1I1~jil'UliJtlfl 

... .. c:l"': iI 
flV !t.lVj!9f'U~fl11lJ'Il''U1I1~jil'UUl1.:1 

u, " ;jv lJ1C'1'\JV.:Iiil1'UHC'lH~~ 

M s 
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" " " " fhnJij{t~'U 9i'Ul'H il'mi'lmtM',urJ 'Ufi1~mHl~'\Jij~5~'.i1d1'U'\Jij~Ul'Hil'mi'lmlt~V'U 

10 QI.:!t j}d QI.e:t. QI d" " . 
ff~~ij'Ul'H'Um'UijmN't'Jt'.iV'U (Wi1~, 2546) ~~fflJflln1 3 

M
%dm=-s xiOO (3)

Mw 

%dm 

IlJ1m nl'l~ij'VHr~~l'U ~tfl~ 'il1flfll'.i UH'\Jij~Uf,)1Ji'lg'Uulitl1~fl1l'l~ 1~iii'l11lJ~ ~ ~ 

~~U~flllH 1'lJ'il1fli'lg'UUff~ i'l11lJVl1i'1g'UU~~i'l11lJ~'\Jij~'lh~i'lg'UIlJ1mnl'l 'iI~iii'l11lJV11i'1g'Uij~ 

t'U(1hn~wh~ 75 tll]f'U9ltlJ~'.it)~ 3 ij~~tlJ~'.i iii'l11lJ~'\Jij~'lh~i'lg'U'.i~wh~ 300 IlJflfl~I~{~ t)~ 

300 flfl~l~{~ 1~Vi'l11lJ~i1~~~flri11'i1~lml'I~V~n1Ji'lg'U1'Y1VU~~1JHd1'U 'iI~1'li'1 1'lJi'Il1JlrlV1t 'U • 
.A d 0'1 w d .A d '1 Yl y l Yl 

i'I~'U'\Jij~i'l11lJf,)'\Jij~I'.i~l'.i ~V'.i~~1Ji'l11lJf,)'\Jij~i'I~'U'YI'iI~~'1f 'Um'Uij~ffll1m'.ilJU~~fll'.i '1f 'U• 
Y <!l <!l "'" 0' .A \I] '1 ~.l "" w <!l 0 "'" ~ uunsuunn 915 U~~ 2450 IlJflfl~tlJ'.i~ i'I~'U ~lJ ~mn1"t'il~lJ~fl1:lW~l'HlJij'UmUff~I~'U'YIHI1J'U 

j} .a QI'" 9J QI I' 9J .oC:\ 

Iff'U~H IlJijm~'YI1Jfl1J ~~11~'il~ff~'YIij'Ufl~1JU~ff1lJl'.if,)H1'U 'YI~~mfllfl' urn m~~11:lU~~~~lff~fl• 
I~ \!fl~~i1J I~~t 'Ue ml '.i~ flij1J~iifflJ,j9ltrJ'UI~ ~lt~ fl~~fl (dielectric) Irliji'lg'U IlJ1 i'I'.inl'l 

v QI \liIIGlj/-C:\ 'j/ JQlQI t Itj/ 1 QI 4"1 "IY
ff~'YIij'Ufl~1J'iI~ umn ~mfl~i'l11mij'U'\J'Ufl1J1ff~'U'U U~mff1'.i ~ff1lJl'.if,)~~ll]f1Ji'I~'U iulmnl'l !1.� ~ 

'il~tiij 1M'lfl~~~H1'Ui'l11lJ~ij'U ~'UfIlvl ums J'U l~m'lJ~v'U'.i'lJ 'il1fl~~~~1'Ui'I g'UlIlim~fl Il'l~l 
. " 

~

~ 
mst~.yj~~i1J~~H1'UIlJ1mnl'll11~~~'il~I~Vflffl'.iil''U11 lossy l1~ij lossiness ~ ~ ll]f~ff1'.i 
~ I cf 0 1YY \I] Y d.A .A \I]
u'.i~lfi'YI'U'il~'YI1 l1'.iij'U ~~'.i1~1'.i1IlJijm~'YI1Ji'I~'U ~lJ lmnl'l (ff1Vff'UlJ, 2543) 
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.400 .446 .500 .5 7~~t600 .700 

Visible .·1 
Spectrum ./~ -: 

Wavelength [pm] ,// Wavelength IlJm) 
10-610'510-1 10-3 10-2 1(1'1 1 10 102 103 104 10 5 1 G 1 t 08 

YRa~JJX-Rays 
Ultraviolet 

ill'Vt 1 'lf1'lm1lJfJ11f1~'U'UD'lfl~'Um]rH~O hlYh 

l1m: ~moqll (2552) 

. . " 
tiJD fI ~'U llJ1m n'Vl t\ o~~9r'lJ t~ 1ri~'U D1'1111 'il~!n~f111lJ %'D'U1 ~i 'U ft euu 'lJ 'lJ 

'U 'U 'U 

'" dI \I) 31 I 

11lJO'U (Mudgett , 1982) 9i'l l~ltO 

?I t=:. <jJ ~ ~ d
1. Ionic polarization tlJ'Uf111 !O~f111lJ1D'U t'UD'l'il1mH'l'UD'lf111tfl'lD'U'VI'UD'l 

1DDD'U'l'Uftl1'l ~mmrtm,j11 UDvi'U(;Y'U llJ 1'Vl~1 lt 91 'l ~ 1DDD'U~'liju1 ~'il1'Vl,yhun~1~1'il~t\O 
'U • 'U 

31 , i 'JJ.c::1 ..:9.d & 0 i v ~ d d J 11) ..:9 d '" IdQ.I Q.I 

m ~~'UtW~!H l1lJf111tfl'lD'U'VI 'il'l'Vl1 mO~f111tftfJ~ftO'U'U'UO'lJ lDDD'UD'U '1 !t'l ~lJf111tlJ'lfJ'U 

'" 0'?1 '" 31 31& 31 31& 31 \1).1'
'YHl 'l'l1'U 'il'l uuulJ'U'Y'/(l'l'l1'Ufl11m D'U tW1'il 'lm ~ 'il1fJfl11m D'U U{l1'il 'l m~ 'il1fJfl11lJ 1D'U ru ft 

'U 

1 ~ I l1J ~ <jJ ;: ~ l1J v a' ..J I 

ft1'U D'U '1 ~D hl f111 !O~f111mD'U !t'lJ'lJ'Utf)~ l~i'U'UD'lt11{l1fllfJi'Ut9i{l{l9i'lD~i'U~U(;y11{l~mfJ 

" " 
2. Dipole rotation t~'Uf111tn~f111lJ%'D'Utl'lJftl1U1~OD'lJij.,r1 (polar) l~ltri tJ1 

, " 
'W'UtD 'l 'luft f11'W U 0 ~ ftl1 U 1 ~ OD'lJ'W'U 'il~!~ fJ'l~1U1 ~ ~ 'lJ 10U{l ~ numil 'l 11.] ij 1 ~ tiJuu (random 

I 'jJ . , I 

oriented) !iJ m,j11U Dvi 'Urru ru1'Vl,yh U1 ~ 'il'lJ 10!t{l~U 1~ 'ilnu 'UD 'l (;Y11 'W'U 'il~ !f1 ~D'U 11 tU~ fJ'U 
'U • • 

Yif)''VI1'ltY1m~ fJ'l~';lDV1'llh~ tiJfJ'lJ ~'l!t (;Y~'l i 'U fll'W 2 
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+ve 

+ve-ve 

I • • jJ , 

IIlOW 2 fIl·Hflilm..!Vi'Ufl~ffl':i'lh~flfltlViij,j1tjjm)dhHn.n:IJ '~~l 

~:IJl: Singh and Heldman (2001) 

ms tf1~m.! ~~1Ufll':i 'I11,j'W ~1fl~t1' tJfl~ tI:IJ 1'il~ tflflfl fh~ ':i 1f1t~ 1f11:IJ ':i ~;{ t1f111:IJ ~ 
.-\ lI) 'I' _.I'" SI t, <> "" ci d i w 

'Ufl~f1'l'W !:IJ !mnnfltl 915-2450 'll'WflHflfl 1 1'Wl'VIlllf~H'l'Ufl~f111:IJt':i1 'WfIl':i'H1,j'Wfl1U'l~f1l':i 

.:s aQ,l 0 i"~ jJ J ~ Q,I .c:. jJ do Q,I

!ffUfIfffl'W 'VI'I '11 ~flfl f111:lJ';j tl'W 'U 'W U'l~ tlJ 'W 'l fl'ilW~ rm tflfIf111:IJ ':i fl 'W 'VI fflfl t1J 
jJ d~ ~ Q,I l.d ~ Q,lQ,lQ,I 4 9I1:Q 

f111:IJ ':i fl 'W 'VI tflfl 'illfl'VI ~ fffl ~ ':i ilUti 1.1 fI~fl 'l11 'VI 'il f1lllf ~ fll'H 1':i ff:IJ Hfffl 1.1 fI 'l 'W Um 'il ~ .. . . . .. 
fiflUm~ 'illU~1flfln'lil ff~ff1'W 6'Wt-W fl~ 'illflH'l'Ufl~fIl':i t~flfl'Ufl ~~ 11f1UfIl':i~ lfl11:IJ~ tl'W ~1UU'l~ 
5'1 1tI • 1 4 ~ ~ 91 'Q,I I cf 0 i9l~ 11)91' d 4 

nru !tJflUl~f1flt'Wfl~ lllf~fIl':itflflfl11:lJ';jfl'W'illflfflm~fIl~"l f1~fl'l11'W 'VIl 'Htflfl tflflUln1f1t':i1t:IJfl 
.. 

tViUtltitl11ifll':i11~~:IJ lf1Ufl11:IJ~fl'WUtltl;{~t~:IJ dsum, uthl.) 
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D=AoR (4)
27rF;" 

. . " 
"I <Sd"lllJ'i •.I' "" 

D ¥ltl 'j~tJ~¥ll1tH'lfl'VIm'l'U UJ ~mnl1'V1~~H1'U'lfUtlll11'j 

(lCJt'U ~!tl \PI s) 

A o fitl m1tl£J11¥1~'Ul'U~'h:lUff'j~ (free space) (!CJt'U~!tl\PI'j) 

tl~thh~fltl'Utl1't'i1~fl'U'~lfl'UTt-l 

tlll11 'j ~ 1~ '1 ihid 'UU'j ~ nsu~ U\PI fl~ 1~ n'U1J1rn ltl~~ "id'U U 'j ~ fl tl 'U~ ~ 1!1:1 'U~tl ~ 
" " .

1,*1'Ufll'iUHU~~tl1'Hl'i !'If'U !fliltl tJ1\P11'l tJ1lJ'U U'l~ui1~ !1:I'U~'U ~1'Uu~iiH'lYiU\PIfl~1~n'U1u• 
I !V ,'II I I� 

"I 0 'I 91 91 91 lIJ 'i • .1 'I d 'i. I d "I... o'd d "I "I d w ''I� 
!tltl'U11J1 ~'H¥ll1tl'jtll..!~ltJ ~tl ~mnl1 ~'UmW'tItl~ ~lJ'j\PI'U'il1m'Utlff\PI1'V1tl!'UtlWtlmtJl~'Utl~~'U 

~ I"" d d ..; 0 0 'I 91 91 lIJ 'i •.1"; =='t 'I 91 91 d 
lJ'j1J1Wff~ 'il~tlm1tlm'UtJl1J1mtltl'U11J1'V11 mfffl~ltJ ~tl ~¥I'jnl1 !'Utl~'il1mlJ'Ufll'j ~'H¥ll1tl'jtl'U'VI 

~ .� 
'JI I I , 

n~!~l!fl'U 'lil 'il'U t'U tltVtlttltJl'ti'U 1~ii1tlfllffl1 'il~ ff'lltJ~l ~~ii¥l11tl!'HU tJl1J1flfl'hfll'i1 '*¥ll1tl 

91 ... " "" .1 lIJ 'd. .1"1 91 0 'I 91 91 lIJ 'i • .llIJ 91 , 
'jtl'Uu'U'U~~!~tl tl1'Hl'ilJ'j~!fl'VI ~'tI'VIfl~!'VI1~!lJ'ltlfltltlflU'll'il~'VI1 ~'Hfffl~ltJ ~tl ~mnl1 ~~tltJH•

" " .
'jl~!~l 1'Uffl'U'tItl~tJ1\Pl1'l1 'UfllnhtJ1!;rtltl'H~tl'lflfll1~ fll'il,*1tl 1¥1'jnvJ'il~ff1tll'imhhr!fl~ 

~ 

¥ll1tl~eu 1~tlV1~'jl~!~1!'If'U !~tJln'U U~ff1'H i''Umil tlt!fl~ u'l~!fliltllunl t'U '1 !'If'U U¥I m~tJtl 
~ 

, " I' 
mf'Utlt'U\PI Utlflu!~tJtlmf'Utl!'U \PIYitlvl'UtJ1U'l~ l'Utll'H 1'j 'ildhl,rfll'i~~ei''U¥lil'U1tl Ias nvJ 1~1P11 

~ ~ 

iiH'l'tll1,r!fl~¥ll1tl~tl'U1~,*1fl'h (ff1tJff'Utl, 2543) 

.......,"".. ""� 
u~'U~ ~tlmfl~~fl (dielectric properties) 

" . 
ms1!m1~,.rtl~~U'j~fltl'U'tI tl~ tll'H l'iU'U!~'U iJ 'il >ijtJff1firuYi ..1ll,rtl1111'j U'VI'U'VI fl 

u • 

'lfij~ii fftl,j~!1:1'U1 ~ U!~ fl\PI ~ fl !!~ 'il~~~ei''U ¥I ~'U 1 ~ !!\PIfl~l~ n'U 'ltI~l..! n'UtI 'il >ijtJ~!~ tJl~ tl~ fi tl 
~ 

tl~~U 'j ~ fl nu 'VI 1 ,It ¥I ii 'tItl~ tl1'H 1'i ~'U 'hu~1J1WJruneinil tl Uj 'idtl ~ ~ 'ju U'U 'U'tItl~ J1~! ~ 'U 
~ 

" I " I

ffl'UU'j~fltl'U 1'Utll'H l'jU'U 'il~ii¥l11tlff1firu~tlfl1'i~~ei''U¥lil'U~ltJ tJ1Yitlvl 'U'jUUff'j~ (free water) 
u cu cu cu 

'il~'t111 ,r~~ei''U¥I ~'U i~~fl';hJ1~!fl1~tlVn'U rrml 'j~ nau t'U !'If'U 1 U'j~'U 'H~tlmf1 'Ui~H~'j \PI 
~ ~ 

, " . 
!'If'U!~tJln'Umiltl!d ~ltlvl 'U'jUYiU\PIfl~l (dissociated) 'il~'t111 ,rtll'H1'jU'U ~~ei''U¥Iil'U1~~fl'hmiltl 

~ ~ ~ 

~tlvl 'U'jU'jltl~ln'Uff1'jt'U (associated) ffl'UtI 'il >ijtJt'U ~ii H'l~tlfll'i~~ei''U¥I~'U 1~uti ~fl1:lW~'VI1~ 
~ ~ ~ 

I , I" 

flltJfl1~ ~W mJ11U'l~'j~~'U¥ll1tl~'tItl~¥lil'U ff1'Hi''U tll'Hl'i U,r~ tll'H l'iYiii 1 'tIlJ'UU'l~tJ1lJ'U !~'U 

tl~~U 'j~fltl'UtlVff ~ 'il ~~~ei''U ¥I ~'U 1 ~~ 1fli1U'l~ 'il~ 1~ iiH 'l~ tltlW 'Hfl 11't1 tl~ tll 'Hl'i 'j ltl~~ ¥I l1tl ~'tI tl~
<II cu cu q cu 
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fI~'U~'nJ (ff1fJff'U1I, 2543) ff1J1j91'~~h~fl1l1fl'lJtHV1l11'J9h-:J "l ff1111'JflUff~-:JtiJ'Ufi19i'H'l'lJ~i1 
d Cj} QI I' I 1.c:!I 

m111tflfJl'lJfJ-:Jfl'lJmm-:J "l fJ~ 3 m na 
I -=ill) A d A , .c!I d .ciI 

I. mfl-:J'YI Iflm'lflll'Jfl (Dielectric constant, e) flfJ m'YIUff~-:Jfl-:Jfl1111ffnJ1'Jfl 

. ." 
'lJtHff1'JlJ'J~flfJ'lJ'Yif)m~'lJ~~-:J-:J1U 'vJVJ1' 1'~t;jvu1ff1'JlJ'J~flfJ'lJUU' lJl1-:J'11uau 111'vJVJ 1 

QI dt::l , e: QI d QI IIJ v ~ _ltd 1IJ ... lltI v AI

m~Uffff'l'lJ ff1'J1fl'YIllmU\1-:J"~ff11J1'Jflflmfl'lJ~'lH1'U Ifl\1-:J mU"~tlJ'lfJU IlJ Ifl1l111fJWl1fJlI 

" " tm~lJ11J1Wfll111~'U'lJfJ-:Jff1'JUU "l 
.... .1 ~ t::I 11) A d .et. " .c:!I I

2. Ul'lmllfJ'Jfl1'JfftlJtfffJ I~Vmflll'Jfl (Dielectric loss factor, s ) flV m'lJv-:J 
" " 

~~-:J-:J 1U ~ fftlJ tfffJ' il l1~ fJ~ u ~~ n 'J~"lfJ' lJ1U ff1'J 1 ~ flt ~ fl1l1 ntrlfJtJ1 'lil 11-:J 111'Uff'U 111 'lvJVJ 1
" " 

., & ., llJ -~ '" llJ .,j d ~., v ,'% ~ v
m~Uffff'l'lJ 9f-:J~'l-:J-:J1'U IvJ111"~\1tl1tfffJ IlJt~VtlJ'lfJUt1J'U~'l-:J-:J1'Ufll11J'jfJ'U U"lfUV1l11'J'U'U "l m 

" . . 
,hUff-:JUfffl-:Ji1"~tfiflfll111~fJ'Uff-:J U~~~-:J-:J 1U ~,,~~~i'lJ' lJVd1-:J'Jl~t~lt;jfJfI ~U'lI 1m nvJ ~hu 

" " " " "'j/ 'J/
'j/ llJ-'1 '" ., '" ., 'j/ 'j/., '1 0 

nn iu 'U"lf'U-:J1UV1l11'JU'Ut~fJ-:J'J~fJ~ff'U "l Hftlf11111'JV'U'UU"~'l~'l-:J I~Wm~'lJl'Ufl1'J'lJV-:Jfl1'J'U1 

I " 'J/ , 

Uft~ fl1'J~ 1m111~V'Uu'UlVw,hdmfJ1U~'U fIll11'J ~lfJ ~-:JUU ~1f1ll1WYii1 m111 l1'U1U'l~ 'lJ'U 1fl1mu
" " 

.,.,j '" llJ v '" v v 'j/,~ llJ 'j/';' .c9 c:l ~ llJ_1 
1I1fl "l fl1'J~fl9f'lJflft'U "~tfl~ l~m ~1~ Hdl1'U 1U'l~fll111'JfJ'U "~t'lJ1\1"lf'U fIll11'J 1~'YI1fl-:Jfl"~t1JU IlJ 

'j/ 0 "" & 'j/ ,'j/ , d", c:l 
fllfJfl1'J'U 1l1'J fJfl1'J~ 19f-:J" ~llV-:J "lfnft1U1U fld1f1ll11'J'YI1I'lJU1flmflU'l~ 'lJH 

s=: .c:!I .c:!I QI .c::I 

3. Loss tangent (tan u) l1'JV Dissipation factor nn 'lfll-JW~'lJV-:Jfl1'J\1tl1tfffJ 

~~-:J-:J1'U'lJV-:Jff1'JJ'U~-:Jfi~VVfl1J11 U 'JlJ'lJV-:JlIlI~~l-:J' lJ"lfl 90 V-:Jfl'l 1 uffm~lJ fl91..rl' lJ'lJV-:j" ." .
m~uff'vJVJ1 fi1u"~i1,,h'Uffll~'U,rn'lJfi1 s' Uft~ e" (Nelson, 1980; Nelson, 2005) ~-:jffllfl1'J'Yi 5 

e"
tan8= (5)

e' 

~W ffll1J'91'Y11-:J '~flt~fl1l1fl..rl "l 'llJ ,,~ij nnu ffll~'U,rnu 'J~ l1iH V-:Jyj'lJ'J ~ nnu 
t::I ,.. fj/ d A QI v 

munu IflHff'J1-:j fll111fl Uft~fJWl1fJlI (Nelson, I999a) fl-:Jm~ 3 Uff~-:J'lJfJ1Jft dielectric constant 

. . d", .l ,., & 1v c:l l.,j .l 
Uft~ dielectric loss factor 'lJV-:jfJWIl'J'YIlIfl1111GJfUUllfl1l1-:jflU 9f-:JUfffl-:j l1tl1'Ul1tllVfll111"lfU'lJV-:J 

~ t=I "l .et. d dt::l ,. v .d J vI A 

fIll11'J\1-:j'lJU"~lIm IflfJtftfl91'Jfl'YIllUUl l'UlIt~lI'lJU~lfJ (Trabelsi and Nelson, 2004) 
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so 70 75 85 90 9S 100 

., . 
.fl1'W 3 f11111i111l~\.rfi'.i~l'!".h~f1W~1l,j~lflVt~nflinu"~f11111;f'U'\ID'Hn'H1'.in 20 D~fY1t9f"t9ftJ~• 
~1l1: Schubert and Regier (2005) 

., 
1Ji 11lW f11111 'If'U '\I D~ D1l'!1'.i ih·m~t1 fl11flVt ~ nfl i n 

(penetration depth) ~~U~f1~1'Ufl1'.i1~ 4 

ii 

1Jill1Wfll111;f'U dielectric loss tangent 

constant 
ji 

<!I 

f11111'Jf'U~~.. 60 0.3 1.7 
., 

f11111'lf'Ulh'U nm~ 10 0.2 3.0 
., . 

<!I 0

fI1111 'If'UfI1 4 0.1 12.3 

.� 
nll1: Schubert and Regier (2005) 

. ., . 
'il1nfl1'.i HU~f1~ 1M't ~ 'U 'htijD1Jiuuuf11111'lf'U '\I D~ till'! 1'.iij1Ji iruun"f1"~'il ~ij fl1 

•• I .c::IIQI.:91 ~ Jevt.c9 
dielectric constant U"~fI110ss tangent "f1"~ U"~llfl1t1f1'.i1f11'.i9fllH1'Ut~1lll1n'\l'U f1~'U'U'il~U~f1~ 

1M't~ 'U ·;h1Jill1Wf111114'U '\ItI~ i~f1t i:I'U iI 'il ,jtJ~~hfitlJ 1'U m~ 1Jl'U mr1~11l1 f1'.i tTrl
• u 
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QI ~ dt=l '''l ~ d ~ v .d ~ ~QI

~.:J'U'I.J1hnHJ'Yl1JF..j{Wltl ~~tlHlfl~Hltl~~fltllJ~1t1 fl11lJf.1 tlW'I1fllJ fl11lJ'lf'U llCl~• OJ 

1:1'1~m'l11~g'U '1 1'lf'U 1'UlJ'U lfliltllrl'U~'U (Gracia et al., 2000; Nelson, 2003; Venkatesh et al., 

2004) 
." 'I 

1. fl11lJ~ 1t1t1t1'U1'UihiilJ'Yl1J1'Yl'thflru1'Ufl1~lh hHhtjjtl 1~i'lJflil'U 1t1t1t1'U1'U 
"" ,,"u1'il~'I1lJ'U~11n~fl1~ lfffJ~fffi'Ull~Tth 1,rln~fl11lJ~tI'U ljjtlfl11lJ~ 1:1' .:Jl'th1 '11 i1t1t1t1'U1 'UU 1~'il~• OJ 

ddlll"Q.I I "1" 4 dd ~~ 111 4 d.c:t '1 : 
'I1lJ'U~llJfl11lJf.1'Yl ~~~lJl'lf'U f.11 'lfflCl'Ufl11lJf.1'Yl 2450 llJflfl~lg~~ ~tltltI'U'I1~tltI~lPltllJ'YllJtltI 'U'U1• OJ 

.c::). et ~ : de:i d • d QI ct .ct QI 9J d r.d. u~ 1:1''Ylli'l1 ~ tI'Ul'YllJ1:1'l~ Cl~ Cl1t1'U tI.:Jll 'U.:J tlfJfl'il ~'I1lJ'U 1Pl111:1'fJ~1:1'fl'U ~1t1fl11lJl ~ 1 2450 ~ euIPltl'U 1'Yl• OJ • 

2. tlW'I1 flll iio 'Ylnvwl9lmh 1~OI~fllPl~fl lrt tllvilJ tlW '11 flll 'il~lh1,rllJlnnCl~tltlOJ' 

1
q <u q cu q 

31 ,d..s d1lJ' =ft "" =ft '0 131 , rnu 1Pl1:1''U1lJlllJl'I1ClfllflCltl'U'Yl ~lJllJ'U'Ylfl'llJ'U'Yl1.:JlllPl'il~'Yl1 '11m dielectric constant Cl~Cl.:J 

" , 'JI Ia .c:t.c1 a QI QI Y ~ Y a e:i

3. fl11lJ'lf'U m'l11~ 'YllJfl11lJ'lf'U 'il~~~CJ1lJ""Cl.:J.:J1'U fl11m tI'U iautn llJ tlm'l11~ uOJ 
QI QI QI I • •"J. QI 

.... Cl.:J.:J1'Ufl11mtl'U1:1'.:J'U'UtllPl~lfl1~~~CJ1lJ .... Cl.:J.:J1'U 'il~Cl~Cl.:J m dielectric constant llCl~dlelectnc lossOJ OJ 
d.c:t .c::). ,: I "" a d I Y d I ~ d .c:t1'Um'11 U 'YllJtI ~ u1Wfl11lJ 'If'U fl tI'U'U 1.:J'U tlfJ'I1 ~ tlm'l11 ~ 'Yltw'U 'U 1.:J II 'U.:J m'l11~ l'I1 mu 'Ufl 'il ~ u1:1'm.... 

'UtI.:J1tltItI'Ul'I1jjtl'UfilJm'l11~~ 1~1l~.:J~11rl'Ul""~1~ 1~iiHCll9lmhflW 1:1'lJ'U91'YlH 1~OI~fllPl~fl• 

msi~flW 1:1'lJ'U911~ OI~fllPl~ fl'il~ 1~mrnmsrnsi~ rns1:1'~ Y;tI'UllCl~ rnsff.:J F-h'U 'U tI.:J 

w 1"0 &l 

• 
1 ,j11 I ~ ,QI 

11:1'~ 111:1'~.:J '11 m'U f.1.:JClfllJW~m.... 1~'U tI.:Jfl11lJ1:1'llJ U \"1 'U rm ueu 'I11:1'.:J H1'U llCl~ msCJ1lJ H1'U 'U tI.:J 

i1:1'~ 1~t11~ vector network analyzer 1'lf'U PNA, PNA-L, ENA llCl~ ENA-L i~fl1~lPltllJ1:1''UtI.:J~ 
d 1 t c::::.~.c::). e:a~ a e:a e:a~

fl11lJf.1~.:J 'U'lf1.:J 300 llJflfl~lg~lPl-110 flfl~lg~1Pl 'I1~tI 325 flfl~lg~1Pl 1~t1 vector network analyzer 

'il~t1~~fltllJ~1t1 ~1ff.:Jffruru1W ~1i'lJffruru1wlm~ff1'U1l1:1'~.:JHCl~.:Jfll"" 4 ~1ff.:Jffruru1W'il~ff.:J 
uu uu uu 

d • .Jll] QlQI d QlQI QI" j/QI l' 

fl11lJf.1fl1'l1 'U.:J ~ t1fJ.:J11:1'~ 'Yl'Yl~ neu 1Pl1~ u'il~IPl~ 1'ilsums 1:1'~'Yltl'UllCl~fl1~ ueu1'I11:1'ruru1W 1:1'.:J Hl'U. " " 
, , "" I 

'il1fli1:1'~ HClfl1~ IPl eu1:1''UtI.:J 'il ~ 1 ~;; nuCl 1'U'lf1.:Jfl11lJ~Vi'Yl ~ nuu 'il1flU'Uljj til t1i\t1'U ~ ~ ~unnu~ • OJ 
"0 QI Y 'I lilY d~ ~QI dQIummms 1~flU1:1'~'Yltl'UllCl~fl1~1:1' .:JHl'U 'il~ ~~ HClfl1~ 1~fl1~ IPltllJ1:1''U tI.:J'YlllJ'Ufl.:Jfl'lf'U 'UtI.:Jfl11lJ f.1 

(Nelson, 1999b) 
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FixtureCL li,v 'I.",' ~ ]~T,"n smrtted~ 

'\.J ?~I[ MUT I L V 
ReflectedSource 

\ I 
S'ijnal 

separation I~_X~~I ~~ 
nct1,nt P.eflfet9(j Tr~ml1iUe-1

,R. !AI (B, 

I ] 

Recei\'er! detectorI I 
I 

Processor!display I I 

ilTY'! 4 im.:l'ffh;J'tItl.:l vector network analyzers 
,,;� 
YllJ1: Agilent Technologies (2006)� 

1. llii'W':i'Uu'U'l.Hlflt.dlJ'l.hntlltJfl (coaxial probe) i'W':i'Uu'U'U open-ended coaxial 

l1~iJ~f1'l:jt1J~ltJ'W'ff1t1-ff.:l ~l'WI'l~'W 1'W f11':ilfll1~~lJ i 'W ':i'Ul~l ~hn 'W 'tItl.:ll'I'H'l 1 11 ~ mYlJ ~'ff~TI1l!l't1tl.:l.� 
. v 

'tIe su ~.:I (11 ~ tl~.:I ~'W) 111 fll1'W 'ff'W llJ llllll1an'l 'Yh~ 1111 fl'!Jm tI i'W ':i 'U11 ~ 0 fl-ff .:Il~ 11 '!Jl 'W 1'fffllW ~ 
~. 

l'!J~ nuu'!JM lritl ~lJ ~'ffn'Ul'fffl Yl fl 'fftl'U ~.:I fll'W 5 11 ~ If1'ml 'tItl.:l ~ru ru1t1J ~ 'ff~ 11tl 'W tl tl rnru tJ 'W
• u u 

Solids 

,,;� 
YllJ1: Agilent Technologies (2006)� 

http:im.:l'ffh;J'tItl.:l
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Short 

(a) (h) 

Flange 

Aperture 

=======:::SU.·n;-mprobes 
High temperature probe 

.d� 
'VI1J1: Agilent Technologies (2006)� 

n ~ fl ~ V1..J ~11J1 ':i tr1~ 'lf1'llJ 'lh·HHl! '11 fl iJ -40-200 D~ fl'119HH 9ftJ~ rillJ 1y.j ':i 'lJII'lJ'lJU1 ~ DDnuu 'lJ 
q 'U 

lvivll1'~l tJ~ nms1~ 'lu i)~'11 iJfl 1'1H~lJ ~l':i lf1lJ111D'l1D~'ll lJ l~l~ fl '1 ~'llJ fll ':i 1~1~~~lJ'lllJ l~l~ fl 
'U q 

riau ms 1~ 'il :tI'1D~Yll rns 1Yi tJ'lJ1J1 \91 ':i ~ llJ 1~ tJfll':i 1~ n'lJ\9111J1\91':i ~ ru fiD D1fllfl' 
iI I I "1 , 

1~ 'il ':i hl~ 1 llC1:ttJ 1 fl ~lJ Yi ilJ lJlh:t 'il 11 ~~ 'ill fl'WlJ 1'1 D~lJflU I'WlJms ri ~ bYillillltul ~DC1 ~f11llJ 
q u u 

f1m~lf1~VlJ 'llJfll':i1~ ~~~ ~~Yll 'll1'f1m~lf1~m~fiv f11llJ~~ll~lJD'llD~~ltJ1~ 'l1D~ll~'llD~D1fllfl' 

IIC1:t f11llJ 'I1lJ1'llD~ \OllD ci l~ 

2. i~~ltJri~~llJ (transmission line) l~lJi~fll':i'lJ':i':i'il1~~fl1tJ'llJ~ltJri~~llJf1~lJ 
q q 

It'lJ'lJil~ 1~tJ~mltu:t'llV~~ltJ'il:tI~lJll'lJ'lJ~!'I1~tJlJ~lJ ~1'l11 Dll'lJ'lJ'VI HflC1lJ ~~fl1y.j 7 

Wav~gui~ 

" 

.d� 
'Vll.J1: Agilent Technologies (2006)� 
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WltJ'lJV 'Hn V ~ lJ~ri 'I~ltJ f1~tJ i tJ'lf1'111~ ~~m1lJ ~ lJ~ll\91 tl~ 1'1\911mtlj1'1'lJ V'11(1'~ ~ 
'" q 

'VI~(1'elU ~'1m'W 8 ~l(1'~lJ~ijcltl£JW~I~tJ'VI~'1m~UVtllW~m'W 9 l(1'~lJ~ijcltl£JW~ltltJll'Yi'l 
q q 

d 
'VIlJ1: Agilent Technologies (2006) 

'" 'II] "" d "" ?1 i'j) 0'
3. tl1~1~m !~Vl~tl\9l~tllIUU free space 11JtJtl1~ 'litl1~~~~'1'lJV'Itl1~~1lJt1tJV 

," , 
'lJel'l'Wcl'l'lltJ!lJ lml1vJ ~'1m'W 9 Itlu11ifi!l.J-fflJ~mlU9ftJ'VI~(1'VU ll~~(1'llJ1~t1'V1~(1'VUfiVWl1fllJ 

q '" 

(1' '111~~(1'fl11~~ !l.Jll1lJ1~(1'lJ i tJtl1~l~ l~vtl1~ 1~~ elW11 fllJ (1' '1(1'1lJ1~t1111! ~l ~V!l.J ~el'l-fflJ~(1'111V 
cu ~ <\I cu 

14VlJ~VnUl(1'~ ~'1fll'W 10 ~'1(1'1lJ1~t11~1(1'~rVU~ v,imvi tJll'l1~ijUtJ 1tJ~ijcltl£JW~ 1tlj 'Ii (1'
q • ... 

Im~f1~tJ!lJlfl~l1vJ(1'llJ1~t1ri'l~ltJ1~ 

d 
'VIlJ1 : Agilent Technologies (2006) 
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Healing panels 

Thermal
Furnace ___..- insulati on 

'~'J"---' 
/

i 
/ ""'1:::=J-=. 

<, ) r-, ( // 
f <, 

/ ~ ThermocoupleSample 

fll'Yi 10 f)1'Jl~A1i~~h~n\9l1nuUU free space !rl'tll~l'CY~~ii~ru'l1.fJiJ~~ 

yhJl: Agilent Technologies (2006) 

4, f)1'Jl~A1i~~h~n\9l1nuUU Resonant cavity (resonant versos broadband 
I f I , iI

'" ') 9J 9J d') 9J d 9J d dd ltI 9J "" 
techniques) '1 'WnU1~ 1~'J~'CY~'Vl'tl'W\9l'tl~lJ IflH'CY'J1~'Vl'CY1lJ1Hl'CY~'Vl'tl'W'Vlm1lJfI'Vl'Vl~'CY'tlUl~ 'If'W 

'Vl ~ 'CY'tlU u~ ii Nf1 ~ 'tlu~rr'W 6nf11~ fl11lJ~!! f1~fl rufl1~ m 'J'CY~ VI 'tl'W '\J 'tl~ 1~ 'J~ U1n~ 1'J1iJ!\9l 'tl{~~ n(\ 11 
q 'U q 

u~'CY1m'Jflf11'W 1ru l11A1f)1'JtJ'tllJ '111''d~ ~l'W!9f~eU'tl'W 'l1 ~'tlf)1'J9ilJ ~1'W '\J 'tl~ '\J'tl~ 1'CY~~fl11lJ~'1~ "l 'l~ 

'1'Wnul~'il~ii'lfiJ~Uf1~i1i~u\9ln~l~n'W u~i1i~iJtJlJ'1~fi'tl cavity perturbation ~~ 

U'CY~~ '1 'Wm~ 11 U~!tJ'W i1i~'1 ~nul'CY~~ii'\J'W l~!~nmn 1~tJ~mJru~'\J'tl~'Yi'tllJ1fl~'W 'lil'l~'1 'Wf)1'J
q 

l~ii~m,lru~~~m~ 12 ~~ il1~'tl~iinu!'VitJum\9l'J~1'Wri'tllm1'Jl~ 

r:' =v, l1,- Isj +1 
, 2V, Is 

»:s: (~ ~) 
" - 4V, 0 ,  0, 

tne -cocoted end pl.lt oe- :; 

~. : ."...~ 
I : : : 

--. 
Sample 

: 
I , ' 

11: : 00s .:! \ ..~_o _ 
~ : 

, I -, I 

,/ ! ' }. 
/ : : '-\,,

" . ~ ~ I i '" __...._ I 

V IS t he volum e 

index c is f or the empty cavity, 

index s is for the sample loaded 

fll'Yi 11 nUl~A1i~~h~n\9l1nuUU Resonant Cavity 

Vim: Agilent Technologies (2006) 
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ill'Vi 12 d1'Ulh~fltl1J~tl~ !'WH Resonant Cavity 

'¥i:JJl: Agilent Technologies (2006) 

5. fll~1f1~11fl~1~fll'1~flll1J1J parallel plate 11Hi11~1~'Ufll~1f11{lfJ~1~'UU~'U1Jl~ 
I I c?: lfI _~ ~ a' .J v I dod I I i v

mJ~~'l111~~1 !vJ'Yn111flmiJ1c]Hl'1tl ~ CJ1~iJ ~ ~fltl1Jfl1t1Uv-l'U !Cl'l1~'Vl'Vmll'UHv-lW'WClI'1 2 unu 11~ flCl 
'lJ� 

I I I iI� 

fl'U!f1 tIi 11l{lfl'¥ivi'tl~fll ~ lf1mJri'U flm~ ~ 1'tYUJUJ1W 11~iJfll~ 1iJ~ t1'UUil Cl~.u'U mJfl1J mJ1J~~tl~ l{lfl
q ClJ eJ eJ ClJ q 

D11 ~tIbhriUJ~i oMi'Ufll ~l~tlfl lTIfll~lf1;;tl fId1lJmJw'h fl11lJ{l~f11fl UCl~ ~iJH1J1J 
u 'lJ

" , , 
~ il ~ N ~ tl ~ l{lfl 'U tlfl1J1fliJ fj'~iJD11 ~tl'Yivi'tl~ fll~-W 11 1~ W1;; tl 'lf1~fl11lJ G~1 'lfI ~1~ fll'1 ~ nuCl~ ms ~lJ 
'lJ • 

. " 
~1'U '¥ivi'tl~ ms fl11lJ U:U'U ihi hi fll ~ lf1 fl W{lmJ~~ tl ~ 1 {lfl nmu ~ ~tJ~ l{lfl uu 1fI ~ tl~ ~hI 'Vlfl {ltl1J. . . 
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coaxial probe 

transmission 

line 

free space 

resonant 

cavity 

(resonant 

versos 

broadband 

techniques) 

-1~'Ufll1111ttlJ1J'.HJ1lJ . 
~-iuu~.d..d.' 

1ti'Yl 'I1t1ff~1I1fl 

o ... <!I .k d 
-111 u 1~ff111 1lJ'Utl'll 11 i:l1111 tlfl\l'Utl'lU'U'I 

-~ 1ti11 'U 'U 111 f111lJtl11'U tl 'I1ff11• , .. 
.d. 0 ~ IQI QI 

-f111lJi:l~ttltl1l1l1 ('U'U tl~fllJfl11lJ tl11'Utl'l 1ff~) 

-1111ff~~ii~w. fflJ1J'~mjt'H~fllvJVh 

-1ff~~ hiiiiJ~l'yhti'U ff1lJl1 0 111 t'U'YitltJ1f1~'U .. 
-'lJfflJ~fftilJ~'U'Yl1lfftllJ 

o d J IQI ~ 
-rmfll11'U1I f111lJO~~'U'U tl~fllJ'U'U 111'lf'U 

'Yl1lfftllJ 

'1 !II "" 111 !II 
- ~GlfQW.11fJlJ~'I ~11 

-rme1Ii:l'l'U tl'lfll1 t1J~ tI'U Vlff'Yl1'1'U tl'llh ~ ~ •tll~ 

In1l~lfliJ~ ltil'Yi1ti'U 'U tl'l 1ff1l• 
-1111ff~~ii~w. fflJ1J'~tttit'H~fllvJ.yh 

l'YlfloWfI Resonant . 
d. t:.1 CJ/ I QI 

-ffm1~'YllJ fI11lJ1l1'U 'Yl1'U 1ltlm ~Uffffi:llJ ff'l.. 
QI Q,I QI d 

-mu110 111nu1ff1l'U'U1111i:l fl• 
QI\t)jI d.d. I .d. ..:!!I , 

-111 ~ 11 III'V'l1~f111lJ 01'VW'I'lf1'1 111 tl111 1 tlm'l 'lf1'1 . . 
QI QI.d.t:t .d. 0 

-nnn~ ff lJnu11l0.'YllJ f111lJffilll fftl1l1.. .. 
l'YlfloWfI Broadband 

-1111ff1l~ii'U'U111 t 'HtU
• u 

-1111~'l'Jfl "l i1'1f111lJ~ 

., 
~fl'l:l W. ~ 'U tl 'I~'U 'Yl 11 ffeu 

d I !II 
-u f111lJ11 'U 1f1tl'U 'U1'11J1fl 

-f1W. eu1J'~ lti I~'U utit'H ~ fl• .. 
-I~'U I'W tll~tl1ti'U 
~ QI QI .d. 

-fnfflJ Hfft1uu 

-ltiiiitl'li1'1tllfllff . 
QI.d..d. ~ 

-1ff1l'YllJ f111lJtl1Ilfll~• 

.. 
-'l'HtUtti:l~~111t1lJl1'1fftl'l.. 
'J/ d QI 

1I1'U 'Yl'U 'U 1'Unu 
.. 

~ <!I d ... 

-llJ'UI'U tlt1ltl1fl'U 

.� 
d 

'YllJ1: Agilent Technologies (2006) 
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11 ~ f1f11 'j 'IJ tJ.:l 'j ~1J1J f11 'H'I 'j 1\1{ftJ1J t9f'Wt9ftJ{fl ~'W III 1 fl 'j t1vl 1~11 ~f1f11'j 'lJtJ.:l 

mutual coupling 'lJtJ.:l{fltltJ1f11f1' 2111 ~.:lU{f~.:l1'WfIl~ 13 {fllJl'jf;)111fill~flt~f1\91~f1'IJtJ.:l111f1tlN~ 

tJ~'j~1111.:l{fltltJ1f11f1' 21111~ trltJ{1'ltltJ1f11f1'11.:lH1f1ft '1 tl'W1'W111f1m.:l~t~'WtJ1f11f1' {1'ltltJ1f11f1' 

ll~f1J ffilltlJlW 1~fill1~.:l IrltJ111f1tllWU~tl'Wl1J \ldh1rrffillilllW ~f1J 1~t 1J~tl'Wu1Jtl.:l\91111 I 1J~ 1tl 
u u u u 

& 0'''''1 311 '" '" '" 1 II)9f.:lt9f'Wl9ftJ':i'V] GIf 'Wf11'j'V]~{1'tJ1J\I~lltlf1'l:lW~~.:lfll~ 14 ( 11 l'Wtl Utl~flW~ , 2551) 

100mm 

iIl'W 13 19f'Wt9ftJ{fl~'Wl11 1mnvl (I) 111ri.:lffillilllWUtl~(2) 111f1JffillilllW 
u u u u 

~1J1: 1111'Wtl Utl~flW~ (255 I) 

iIl'W 14 t9f'Wt9ftJ{fl~'W'll 1fl'jnvl~1~.:l1'W\I~.:l 

~1J1 : 1111'Wtl Utl~flW~ (255 I) 
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t9l'\.,W;1It1{fl~'W 'lu ! fl 'H1'VhJ'l~tltl'IJ~1t11.:J 11 'l fll!l1flfl ~'W fl11U~ 2.45 fltl~t~{\91 11 1tl 

1.:J1I'l YCO nm: PLL ri .:Jfl1~.:J.:J1'WN1'W'ff1t1t1ltlli'l'~Y11'}n! l~ri .:Jt.u'l1 Ui'W\Oi1tl1:lN~Y11tll'l'Vlfl'fftl'IJ 

'ffltltlltlli'l'fltl ~1'W 11 ~.:J 1l~Y1 m-w1~ 1'IJfl ~'W nfl1uU1:I.:J 'l~~'lJfl1 ~.:J.:J 1'Wfl ~'W fl11U~i'Vl Qt1J'W 'l ~~mi 1 

!11:1t\911l~-ffU~'W1rn'W !fltl RF power detector -fftlJtlJ1rn~1~1I~\ltlri'l~t11uv'l 12 bits ADC t~t1 

UU1:I'l.u't1U1:I 1l1tl-ffWW1rnt1~'W l1:1t1m1J'W~~\91t11:1 ! fltllJ lfltl~nmutll'lY11.:J 1'W\9111JJ11l'l 15 
'U " " 

. ... . . .. . . . .. . .� 

.fll'W 15 lfltl~umu'\JtI'lt9l'Wt9ltl{~i~\91'l111'fftl'IJ 

~1Jl: !Ul'WtI !l1:l~flrn~ (2551) 

o <f .d II) 1 •.1. 1 3/ d II) 3/.., 5lt 
1l1tltll'l'VlN1'W'\JtI'l'\JtI'lt9l'Wt9ltl'lfl1:l'W IU lmnl"l 'l1JU'IJ'IJ'\JtI'l'\JtlU1:I'Vl Ifl'l'IJtlJ'W 

'U 'U 

.u'tIl.J 1:1 U'IJ 'IJ ~~ \91 tI1:1 ~.:J llimin 'l i:l~ 11 ~ ~ 1'W ~ 1tItImn'l~t dt1'l1l rru~ 'W \Oi1!i:l'\J 1 'W 'l ~ 'IJ'IJ!1:I'\J;} 1'W 'fftl 'l 

.& ~ d 0 .dt I' ,;f <jJ I ~ ~ 51 l.r]'JJ' & 
91'l\9ltl'lUtll'l m'W1rntl'ltlUU 1:I.:Jfl Wl1.:J "l m 1:l1'Wi l'lt1g i 'W~ UU'IJ'IJ'\J t1.:Jt1:l '\J;} 1'W 'ff'IJtl'l tit '\J 1111 Ifl.:J 1t1 91'l 

'l~mltltll'l'\JtI'ltlnu'l~u11:1~1:I !fltli~lu ! mfltl'U ! 'Vl'l1:l!i:ltl{t~'U111 i 11 'l'Wtll'lfl1'IJflU\9l1U1.:J 1I'l1'W• 
.d dI, d II) 3/ 5lt .., I.., .., II) _!ll 

.tl1l'l'Vl 16 91'lm'Vllflll~U'fffl.:J~1:Itltltl1JltlJ'Wmt1:l'\JU'fffl'lm'l~fl'IJ'\JtI'lUHfl'U 1'Vll"l1 
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r , flSCII TEST [NoS.1 qn b", Mr. KOB ::.~ 
COtt1COl ""rocm (IX((OJO;� 

II 

, ~ d $I 

ill'W 17 U~'W1~'il'j'tl{)~!fl 'H)~!f1'IJ'tI{)1J-o 

~m: hJ1WJ u-o:::mu::: (2551) 

• I iI iI • 

!C}f'W!C}f{){flii'W III1mnyMj{)yhtlu~~~~!~ V'IJ!{)VU~1 !C}f'W!C}f{) { 'il:::~~~~{)vYi~-o., 



• • 

• • 

• • 
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n~ 6(2540) hi'fttlEdlfl Wfll'W~ tl~'Yll~ tJ'W ~ ijfl11:lJUnU\91tll'i1~ n'W hw1~ l'Ylfl-W fl 
, ~ 

0' "I'" '" '" " I'" " I "''''' 0'" I '" "lltl tlGJm tJ iu1uiu 'Yl tJ'U numnuM'WUlJ ~ ~flW ff:lJ 'U\91'Yl N tl1tJfll'WU~~ tl~fllJ 1::;tltl'U'Yl1~lfl:lJ~ tl~I'W tl.� 
'VJ l~ tJ'W l~ tl'I11~ 'lfU rns\911111 nn'U ~l ~ 'W:lJl\911 ~ 1'W ~ tl ~ fl11 :lJuri~m:lJl::; ff:lJ 1'W tl11'Yl~ fftl'UU '!J ~ v.l ~ 

'Yl1~tJ'WI~'W 61~~'U;Jtl 'Yl1~tJ'W~ijtllYi 97,104 , Ill, 118 , 125 , U~~ 1321'W'H"~~tltl'Ul'W U~~~~. . 
tl~ flU 1 ~ nnum ~ lfl:lJfl tlU1 :lJ1W ~ tl ~U ~~ 'Yl~~ ~ ltJ'W 1 l~ U1:lJlW 'W 1\911 ~'Yl ~'H:lJ~ U~~lJ1:lJ ltu 

~ 

Qj
1'lJ'W 40, 50 , 60, 70 , 80 , U~::; 

"I 0' ~ 0' 0 '" 

90 IlJtlWlf'W\91 \911:lJm~'U 
I 

1I1tlv.l~tl11'Yl~fftl'U'W'U11 
"1 4 "I 

tl11IlJM'WUlJ~~ 

tI <l::S ~ ~ d d -: 1l] iJ ~ -: t ,.. I~ 

ml1 'U le1I~1\91 ffl:lJl1il1 ~1~'WltlWCl'1'1 'Wtl11f1~IWtlv.l~'YlI~ tJ'W~ijfl11:lJUn~1::;~'U1'i 1~ "1 ~U1~liJ'W• 
" ~ 

i ~ tJtl119f:lJlij tl v.l ~ nn'l ~ tl111 U~ tJ 'W UU~ ~ 'Yl N rntJfll'W'W 'U 11 rnsnnnfftJUl'H i!tl~ tl~ v.l ml tl 'W 11::;
• ~ U 

I .d I , 0 l.et I ... 1 tI d tI .::id& 0 

:lJltltl11v.l~'Yllltltl11 U~~1I1tltl11'Yll X-ray CT 'W'U11fll'Wv.l~'VJ11tJ'Wtltl'W50 IlJtl1IGlf'W\91 'i)~:lJff'Yl'lJ~l 
I I 'j1 I I 

:lJltl'Viff~u~::;ml:lJ~111~~~~~m:lJfl11:lJUn'Vi:lJltl~'W U~~~11ff1N'Vi ff~lijtlv.l~Uri 100 IUtl{I9i'W~ 
'j1 'jJ I I • 

~~i!'W 111m1'W 1~tJUUff~ ~ 1l1'1~ 'W 111 'W tl111~'UltitJ1v.l~v.l~\9111::;~tl~fhw ~()~1::;~'lJfl11:lJ'lJ ~'lJ1 ru l'Vltl'Vi 
~ 

1111l1'1~v.l~'Yl1~ tJ'W ~ijflWfll'Wlrl tl()~U~ ltJ'Yll~tl11~'W ri~ 

'Ii1'lfitJ (254 7) l~fttl'l:ll ms f1~UtJtlfl Wfll'W ~ tl~ iT~ fl ~U 'U 'U 1 ~ 111mtJi~ urns 
~ ,. 

\911111fftl'Ufl11:lJ41'W~1tJl:lJifl111'VJ 1'Wtl11\9111'i)fftl'U1~fl11:lJt)~1'Wl:lJ ifl111'VJ'Vi 2.45 f1tl~I~{\91 i~tJ 

1~1ljtl11ri~fl~'W fl11:lJ~~1'W1:lJi m11'VJ1.,j'11 uiJ~v.l~iT~fl~ 11~1f'UffWW lW ff::;l1'tl'W tl"'lJ~1tJ i 'W1'U
• u u 

Iui'Wi 'W~ l~tl1~~lff:lJU1dY'Yli~tl~tll1ff~l1'tl'W tl"'U i~tJ1~1'W 1U~tl~ffIUtl\91f:lJ ~~U1~tltl'U~1tJ 
~ 

, ~ 

~'W l~U~~I'VJ ff i~tJ111tl 11 1~1 ~ 'W ~~ "1 1euv.l-niT~fJ~ Vi 1tll 1'Yl ~-n tl~n'Uv.l-niT ~fJ ~'Vil ~ 'WIUtl Utl~ 100 
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, j/ , 'JI 

t1tl UCl~H'U:r~fJflYh~'Wtij.eJUn1 50 t1tl1f1t1tlCl~ 6 'fll1ll'flVi'YIfl'H)'lJn~'Hllfl 900 'fl sinrns 
., ., 

'YIf1Cl tN'n'IJ'.h 1f1\lfllUfltltl~i~()tl~ tH 73.25 ltlfl{I~'W" 1f1\lfl Iuflun1tltl~i~()tl~ fl~ 58.59 
q, q,J q cu 

d'~d'JtQ ~ It:! iJ d'dtl '0 & ~ 
ltlm lC]f'WfI lllfl'n\lll Wl'Y1~Cltl'n'IJ 11llfl11ll()tlllfl~ 80.67 ltl m lC]f'W1I"tlfl~fl11llUllWJ1 tllH'ltl1:l1'W .. .. 
~1 ~1l'f'W 11f1~'W illI m 11'rl~dl'W fI11ll~ 2.45 ntl~I~{11 rrnrn ()1oMlIl111 C'l'fl'IJfJWfll'n"tlfl~HCl ili'i~ 

d' "l eJ1L:!l QI d' I I d.QI 

flCl~mw UCl~ mtltl (2547) Iflf'{tl1:l1f111llC'l'll'n'W 1il~'H11~fl11llUtl"tlfl~HCll'lll tJ'W 

tl'IJ fl11ll UlItl9l N l ~ 'H1Nfl11ll tl11~ "tl fl ~ ih m.Hl ~ UCl ~ n 1 'W HCl~1m'YIf1U fItlll tll ~ 1J 1 Cl HClll1'n 

l'l11tJ'W~ioMi'Wtlll'YIflClfl~1i 6 l~~'lJfl1~ flfl 92, 99, 106, 113, 120 UCl~ 1271'Wmi~flfltl1J1'WifltJ 

'YIf1C'1'fl'IJl~~'UCl~ 25-30 HCl tllltll~ll1ClHClfll'nioM l1Cl1m~tJtll~lllW 0.151'Wll19lflfll'n HCltlll 
., . 

'YIf1Clfl~'if11 fl11ll cY1J'W'W n l ~ 'H 11~t'htll ~ tJfl11llUlItl9l1~"tl fl~fl11ll tl11 ~ "tlfl~tlltltll\~UCl~nl 'W HCl ft'IJ 

I "l":::'t I ~ QI QI' '.c:I iiJ Q 

. 
Cl 
., 

::'I 
fl1~ C'l'l1J1l()U'IJ~ Ifll'U'W 2 'Jn~ flfl 92-113 1'W UCl~ 113-127 1'W UlICl~'J1~llll'W1 uumuuumu 

1;~Icl''W ifltJ1irhcYlltll~iY'YIiC'l''HcYll~'Wn (R2
) 0.98 UCl~ 0.38111llcll~'IJ fl11llcYll,;'Wnl~'H11~~fltJ 

., 
Cl~"tlfl~1.hmJtlll~~ft'IJflltJ"tlfl~'YI11tJ'W 'n'IJ111~'W1~~1cl''W 2 'ii1~1'lf'Wft'W ijrh R

2 
llilft'IJ 0.95 UCl~ 

o QI ;tel ej1 d. 9J v : 9J ='t .d.c:9 QI .d QI 

0.59 1I1llCl1f1'IJ tlllf'{tl1:l1'W'Jl'H l'H'W 11'H1tlllfl~tlll i'J'Wl'H unu'H~"tlfl~HCll'llltJ'WllJ'W fI'J'W 'lJfltlfl11ll 

uri '!tl"tl fl~l'l11 tJ'Wmsuil ~fl1~"tl fl~HCll'l l~ tJ'Wl~'W 2 'ii1~ 

"1 ildl '" " '" i i iIRutpralom et al. (2002) Iflf'{tl1:l1tllllll111C'1'fl'IJfl11ll'IJl\!lW"tlfl~l'llltJ'WfltJ 'If 
., 

1'YIflUfIill i m l1'rllll1\lC'l'fl'IJfl11ll~'W 'lutlllm1\l C'l'fl'IJlI~ i '*1 'nl'IJU'IJ'UUtl'W~ 1lltlCllmilfl (open

ended co-axial probe) ~fl11ll~ 3 ntl~I~{l1 ifltJflfltlU'IJ'lJ1~l'H1J1~C'I'llft'IJHCll'lI~tJ'W U"'11~flll9lfl 
., 

ft'IJ network analyzer \lltltlll 'YIf1C'1'fl'IJ'n'IJ11rlltlllllfl1JC'I''W fl~I~'WU 'lJ1J1~~1 cl''W ft'IJfl11ll~'W 'IIfl~ 
iI )I j/ 'JI 

d QI QI"lt'j) ....~ t:! tl tid d' ~ QI il tid rio QI t'j) QI QI.c:9
l'lll tJ'W 'W nn11 ltl'W'WtJ~ Ifll1Jl tJ'IJ 1'YI tJ'IJ I m IC]f'W 1If111ll'J'Wrnu flllC]f'W 1I'W1'H'W tlll'H ~ fI~ 'W 'W 11 ~ UC'l'fI ~ 

i ~1l'f'W 11tl1ll1Wfl11ll4'W rmnsn10Mi ~'W ~'lfU ~ cYll';'W n ft'IJfl11ll'IJ1\! l W'IJ fl~ l'l11tJ'W UCl~1 'YIf1UfI 

tllllll111 C'l'fl'IJll'IJ'IJ ili111ClltJ1f1tJi oMfI~'W hl1ml1'rl C'l'lllll()lIl111 C'l'fl'IJfl11ll'IJ1'IJlW'lJfl~'YI1~tJ'Wi~.. . 

nU11lU1~tJlfltJm11~Al'~ij!~flgJ1fl 

rlli1~ UCl~ \l11W (2550) i~i'1tl1:l1f1WC'I'llU~ifl~l~tl1l1tl'IJfl~U~'WtJl~1illll'J1~~• 
fl11ll~ 915 UCl~ 2450 llltltl~I~{l1 1f1tJfftl1:l1U~'WtJl~1illll'lfl~~ijfl11ll4'W26.8-37.6 ltlfl{I~'W" 

llll1l~l'WliJtJtl 1f11f1tJ1n1'nl'IJll'IJ'lJUtl'W~1lltlCl1milfl~fl11ll~2 rll 'n'IJ11~fl11ll~ 915 umne

1~{1I rllf1~~ifl~l~tl1l1tlijrlll~'H11~ 6.39-14.32 UCl~rll factorloss 1irlll~'H11~ 0.10-2.23 ,h'W~ . 
.d Qo' I .d • I I d. 

muro 2450 Illtltl~l~lll fI1 dielectric constant llfl1l~'H11~ 7.29-14.17 UCl~fI1 Factor loss llfll 

I, '.<d I ~ J Q ~ 
l~'H11~ 0.48-2.32 fI1 dielectric constant UCl~ fll factor loss llfl11'nll'IJ'W1I1lltlllllWfl11ll'lf'W 1f1tJ 

I 
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I d QI QI a'='I A j1 OJ " oIl!!I 

dielectric constant H"~ fIl factor loss llfl111lffll'YfW1H1J'Ul'11~tff'Ufl1.Jfl111l'II"W 

YeS QlA"I A d A ~ .dod_IA
Martin-Esparza et at. (2006) '~fffl}j1fJWffll1.J~ l~m"fl~'Jfl11fltJllJ"'YIlllJ'J1l1W 

" . . 
fI111l;'f'U~Hti'U Yi1fll'J'YI~ff~1.J'¥ifl111l~ 2.45 nfl~I~H~ ~Wty.flij 25 fl~ffW1f"IC)hJff i~t1Yi1fll'J1~. " 
H1.J1.J open-ended coaxial 'I1iJ~ i'Vl'J1.JH1.J1.J HP 85070B l~flll~flti1.J network analyzer ~fl}jW~fll'J 

1~Hff~~~~.fl1'Vl 20 i 'Ufll'J'YI~ fffl1.Jlld'~ i~t1i ~i 'Vl'J1.J ffllfo1'ffti1.J~h'YI~fffl1.J~~ty'U1 20 ij"iilll~'J i 'U 

"J~ ~ '" d"'''J~i.1 ",,,,0' '''J""d "" 
fll'J'YI~fffl1.J 1l~ l~~" rm ff~'YI fl'U'\Ifl~ffWW1W'YI1~ l~ 'U'JlJ'\I fl~f1111lffll'Vl'U 1i'\lfl~f11 l~ fll" fl-~'J n 

" " " 
111 n mr 'YI ~ neu 'Vl1.J -htJ~ 111 WfI 11114'U 11"~ 1fll~ fl{11flfl~~ ij~" ~ ~fi 1f1Wffll U~,~ fll~ n ~~ nu~ ~ • 
ueihile 

O li D il D 
gO Qltl 

COGDQll 
tHlllDIlID 

DOD 
n 

SAl.lPU: 
09Dt-DlO£O� 
coow. PROO[� 

. 
'" 'YI1l1: Martin-Esparza et at. (2006) 

" 
ms 1~H1.J 1.J ffll ~ff~h.fl1t1'Uenue ~.fl1t1i 'U'\I fl~~'U'YI~fffl1.J i ,*1~ rns 1~111.J'l.J open-ended coaxial-

line Yi1fll'J'YI~nfl1.JH1.J1.Ji ~i 'Vl'J1.Jffll~nti1.J~b.fl1t1'U UfltJ'J~1l1W 4 ll~~fltyd~~" 11~"~ ll~Yi 11111 90 

" " " U~fY1 ~~11 n~~ i 'U.fl1'Vl 21 1l1flt!'UYi1fl1'J1~.fl1t1i 'U~'U'YI~nU1.J i~t1fl1'J ~~l'U U11~~ Iuu~l1W fl"l~~" 

~ . 1 "" ~ I 0'.1 "" "" '" '"i tyty'U1lJ'J~1l1W 4 lC)f'U~lll~'J lff'U~l'UfY'Utlfl"H lJ'J~1l1W 18.6 1l""11l~'J ~~.fl1'Vl 22 11"~1l 
" 

~fl}jW~fll'J1~~~.fl1'Vl 23 1l1flfll'J'YI~nfl1.J1l~ '~f1111lffm~''U,j'\l fl~fi1'~ fll~fl~~fl~~.fl1'Vl 24 ~~ 

Hn~~ i ,",Iii 'U11fh dielectric 1l1flfl1'J1~ltifl11~~ 11l1l~ijfi1ff ~fl'hfll'J 1~~~h~1'U 'Unn i~t1fi1 
" 

dielectric constant 1l~ijH'Ul1tj'1l"~"~lrtflfl111l~'\Ifl~f1~'Ul~1l~'U 
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d� 
'Ylln: Nelson et ai. (2007)� 

d 
'Ylln: Nelson et al. (2007) 

. " 
fIl'n 23 1:'lf)1Jw~f11':il~V1li1tlll\91-:] ill 
d 
'Ylln: Nelson et al. (2007) 
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eoc l~ 
r) Dt:lenncccostant 
c: L03. ':i'RCtOf ~1-':11' o OI?Ie-: !J:{ C'ons~ ,,! 

. ', LCl'S5 1a C Of 

10' 10' 

Frequ,;ncv, Hz 

(a) (b) 

. " 
ill~ 24 fill~Dl~tl(9\1mJ1tlfll'jl~Yi~1 (a) u~::;liiml(9\~ 111 (b) 

.d 
run. Nelson et al. (2007) 

Nelson and Bartley (2002) 1~ffmllVl~'IJtl~f11111~f1~'Wu~::;~~m.tJiJ~ijfh 

f1t1H"11'lJ~1~Dl~tl(9\1tl'IJtl~ltr~tJl'H1'j l~ultr~~'l~'Yl~trtl1Jfitl l1~tl~ hliVltrl191tr (1)~ hh~'W1)ltl 
q q q 

'W11 ui1~'Ii'11m~ U~::;J1lltJtll1J~ t111Jlillfl1111~'W!'Vhrl1J 66,74, 12 lW~ 88.5 ltltl{l~'Wl'1m(9\'j~l'W 

lil un ms 1~~ 11~Dl~tl(9\1tl 1~iTI1 'W'j1JII1J1JUtl'W~ l11t1m mil~ l~tll1~ tlrl1J microwave network 

analyzer 1'W fll'j'Yl~trtl1J1111tr~~ 1)~(9\'jl1)l~ '1 d'l'WlhtltrU(9\'Wwtr Yi1fll'jl~~~ill11.tJiJ 5-100 tl~fl'1 

1'W'j 1JU1J1JUtl'W ~ l11t1mmil~~ij fll'jf111Jfll1tlill 11 f1iJltr~ 1l1'trl1~ ~U~~l11m~ trl1 '1 'W fll'jl~ 1)~ l~ 
q q 'U q q� 

• • iI}I� 

11f11111~f1 ~'WU~ ~ tlill 11 fI iJij Vl~~ tl~ 11~ Dl~ tl(9\1 n ~nY'W 1) 1nnnffmllli Utr~~ '1 'l1't11'W 11 'l 'W ms 
q 'U 

(9\':i11) 1~~11 ~Dl~tl(9\1 tl1)~~ tl~ij fll'j f111Jfll1f11111 ~f1~'Wll~~tlill 11niJ'll1'111 m~trl1 rl1J ltr~ 
q q 'U q 

\I] ~& ...... 0 'l ~ v ~ 0 1 ~ ...
Motwani et al. (2007) l(9\f1'tlfl1tl'Yl1i'W~'IJtl~fll':i'Yl1 11l'IJ11'IJ'WlW~fll':i'Yl1 11ltl(9\l1)~ 

• iI v iII 

Yiij~ tlfl ill trl1 'lJ~ l~ Dl~ tl(9\ 1 tl'IJtl~thu i1~ 1 ~u 'l ~iJ IIIi1~ 'li'111'W(9\ Yiijfll111~'W 10-50 ltl tl{I~'W~• 
m(9\'j~l'Wliltltl Yi1fll'jl(9\~11~Dl~tl(9\1tl~tlill'HfliJ 40-90 tl~f1'Wlml~utr !!~~Glh~f11111~f1~'W 15 

~ q 'U 

at.r! di C:lo Q,r! I I I I 

111tltl~l~'j(9\ f1~ 3 tltl~I~'j(9\ 1)ltlVl~fll'j'Yl(9\trtl1J1)~'W1Jl1f1l dielectric constan(1)~~(9\~~trl'Wfilloss 

, }I • }I if, I jI 
ar.&~o_'ic1 iJjJ & ~ a:.ar.dll 

factor 1)~ 1'W11 '11 'W ll1ainu ue11f111111'1111 '11 'W?f ~'IJ'W !!~ ~111 tltlill 11 f111 l'W 11'IJ'W f11 dielectric constant 1)~ 
'U • 'U 

~(9\~~ U~f11111~1)~ijVl~~tl~1 dielectric constant tJtlU1Jltl dl'Wtll':iYi1'l111f)~!1)~'ldJVl~~tl~1 

dielectric constant mtltl11~1loss factor ~~tr1m'jfl'l~~1 dielectric constant 'l'W fll':i Yi1'W1Ufll':i!f)(9\ 

I'l ~'IJtl sui1~ 1 ~ ~~J'W 1) 1tl m':i 'Yl~ nuudll tr(9\~ 1l1'1,1 'W 11 tl1 ':i Iil~ U'W!lil ~ ~'IJ tl ~tl ~flil 'j ~ tl auf11 tI1'W 

'IJtl~U i1~'l~ij Vl~~tlflill ffl1'lJ~l(9\ Dl~ tl(9\1 n• 
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Wang et al. (2003) LlI'i'Yl1f)1'Jflm:l1fJtlHn.J'u~i~DI~f)~1f)'lJtl 'Hl1m'J~i~i'\.H11'J 
"'III"' "" III "' 'JJ .dt "" .dt tl ') _.I ') 'I 'JJ., "I "' 'VI1bWltl'J lCl{l'llCl :::bH~tl'J lCl{l'~lVflCl'WTYHJ llCl:::flCl'W JJ lmlln l~V l'lflb1WYl~{l'tl'lJfltl I'ilClllV 

hh~'W l'ilCln6hh~'\.HVlCll llCl:::~~~J1illcniTf)f)::; hiJ~{l'JJ'ifb'l' ~tlill Vlflil 20-121.1 tl -:j rl'l l9l' Cl ICJ5 Vb'l' ~ . '" . ar.o' C] -=2 " 9J 0 Q.J 'j} ar..:::jd dlfl 

fll1JJtl 27,40,915 llCl::; 1800 IJJf)f) ::;IB'J~ l'Uf)1'Jrl'f)En'W l~'Yl1f)1'Jl~~ lVTIi agilent 4291B uuu 
• 'j} d t:l 31ev ,J Q.I i 'JJ0

Impedance analyzer lJ 'J:::f) tl'lJ~lV9t~'Yl~b'l'tl'lJ'Yl ~'iJ~'Yl1'IJ'Wll'lJ'lJ VWR model 1157 ~-:jfll'VI 25 'If 

b'l'lV-fftyty1illll'lJ'lJfJillVlJ.}ilbJ:-:j llCl::; l 'V1 'J 'lJ l~ I~ 'U l! 'lJ 'lJ hewlett packard 85070 l~ f1l'J l~~-:j f) ~ ll 

b'1'lJJl 'Jtll~ 11'i'1'W'Ih-:jfll1JJ~ 1-1800 IJJ f)f)::;IB {~ 11Cl ::: tlill VI fl il -40-200 tl-:j rl'll9l'ClICJ5Vb'l' 1~ tn~tlJJ ~ tl. '" 
Q.I ar. tI & lfl 'j/d v ;f ~ I Q.I v d Q ~ 
f)'lJfltlJJ'VIll ~tl 'J 9l'-:j l~JJf)1'Jb'l' 'J1-:j l lJ'J ll f1'J JJ'IJ 'W fl tl DMS 85070 f) tl'Wf)1'Jl~'il::;~tl-:jJJf)1'Jltl~lmtl-:j 

" I tI .dt I '3J d v Q dd 0 

U'J::;JJl ill 30 'U 1'Yl nilf1'J ill I'lftl JJ~ tl 'il ::; ~ tl -:j ~ 'J1 'ill'lffll! CI::; 'Yl1fl l1 JJb'l' ::;m ~ ~l Vltl 'Yl1'W tl Cl 'lJ'Jb'l' 'Yl 1i 

" ". 
'il1f)U'W ~-:jYl1f1l'J 1l1V'lJJJl~'J]' 1'W~lJJ 1~ open-ended coaxial 'il1f)U'W ~-:j 1rilMJ'Yl~ b'l'tl'lJl1fll'lJfJ JJ 

" . 
tl illVI f1ill~v 1'VI 'J'lJ'il ::; ~tl -:j -ffJJ irb'l'tl'lJ~'W'Yl~ b'l'tl'lJ'lJill ::;Yl1f)1'J 1~ ~CI f)1 'J'Yl~ b'l' tl'lJ'VI'lJ 1 1 llj tltlill VI flil b'l'-:j

Q 'U q 'U q,J 

I ar. Q.J 0' tI d ~;r d d ato ll , 
fll dielectric constant 'lJtl-:j~CI~flillCVII'ilClnV llJ'J ~'W'il ::;I'VIJJ'IJ'W'Ylfl11JJt1 27 11Cl::;40 I JJ f) f) ::; IB'J ~ ll~ 

d ar.tI I I .::::. ;r, d.dt ~ Q 

CI~CI-:j'Yl 915 llCl::; 1800 llJf)f) :::IB'J~ {l'l 'U fll dielectric loss 'il ::;I'VIJJ'IJ'UtltJl-:j 'J l~I'J lIJJtll'VIJJ tlillVlflJJ. '" 
"" "" c:l 'JJ .d "" "' dJ 'JJ ...27 llCl::: 40 IJJf)f)::;W'J~ ll~'il ::;CI~CI-:jI~f)'WtltJ'Yl 915 llCl ::: 1800 IJJf)f):::W'J~ 9l'-:j~CI'il::;flmVf)'lJ 

~~~J1ill Cl'1iTf)f)::; 1'J iJ ~{l'JJ 'if{l' ~-:jJ'W 'iJ1f1-:l 1'W 1 ~ tI~ b'l'lJJl'J tli~1~'WlI'W1'Yl1-:j i'Wf)1'Jtl tl nu'lJ'lJnilf1'J or• 
rl1Vl~'lJ l~~ll ~Dl~ f)~ 1 f)~~tl-:jijf)1'Jfll'lJflJJ tlill VI nil'IJtl-:jl{l'~ 

q q 'U q 

r� 

d� 
'YlJJl: Wang et al. (2003)� 
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Zhang et al. (2004) !~fftlEnfJtlH"lJ~~1~DI~tl~1fHlfl~fJtlHnJ~~'Vl1'H"11lJ1D'W 
~ . ~ 

'\JD'I l-UmJ~YifJWVi5JiJ 5-85 D'Ifl'119$fllC]$rJ'ff 9$'W'Vl~'ffD'lJth~tlD'lJ~1rJ pork luncheon roll (PLR) ll-n~ 
~ . 

white pudding (WP) '1 'W tll'i'Vl~ 'ffD'lJ1~fJW'fflJ~~1~ ~h~tl~1 tl '1 ~mG)5'W ~'lJ'i 'i ~9$'W 'Vl~ 'ffD'lJYi 

th~tlD'lJ~1rJ 2 d1'WfiD d1'W~'1dt51rJ1'ff~'Vl~'ffmJ 1~rJt51rJlj'\J'W1~ I'Vhtl'lJ 140 iJfli\i\~'i ll-e1~d1'W• 
)I I .)1 

lI~~l'U'lJ'W ..1'1 2 dTU Vi1~ltlD~-niJdjrJlJ ~hf)l'Y'l 26 lijm.h~tlD'lJ'If~'Vl~'ffD'lJll~1~~I95DlJ~Dtl'lJi11. . ~ . 
~ 1tlt1'1~ 1'lJ~ lJDWVi J)iJ I~D~ 1'lJ~lJtlW Vi J)iJ 1'ff~Yi 'l,~'l 'W mr 1~ 'l'W tll 'ifftlfJ 1fl 

~ 

'l~11i tln 1~1luu
qq'U qq qj q 

~ I QI QI I 0 QI 

open-ended co-axial l'lftllJ~tltl'lJ hewlett packard network analyzer ~'1m'Y'l 27 tlD'W'Vl1tll'i1~ 

~ 

~~ ~ D'I~ 1'lJ~ u DWVi J)iJ '\J D'il'ff~ 'lM'lj~ 11lJ 'fflJ~ -n tl'lJiJ 1'l'W t1'1~ 1'lJ~ u DWVi J)iJII fl~ Vi 1rns IYi uu 
qq q,J q q qq q,J 

:iJ .., 

lJ1~'i j 1'W u1tlU'U~'1Vi1tll 'i'Vl ~ 'ffD'lJ 1 ~rJ 'l~~ ~'W '1 'W 'If1 'I~ 11lJ~!lJ 1 ~'i ITWllfl~ ~ ~'W 1'Vl ~ urnrns 

'VlVl'fftl'lJ'Y'l'lJl1~1!~DI~tl~1tl'\Jtl'l WR ~~I~lJ'ff'l~'W'ff'l'ff~~ 45 D'Ifl'll9$'Cl!C]$rJ'ff mr'l~lmf'W~~-n~fl'l 
OJ OJ' 

~'11)~'fftl~~~tl'ltl'lJ PLR ~~lj~l'ff '1'ff~~ 65 D'Ifl'll9$'Cl!C]$rJ'ff ~ ltl'll'U 1~rJifmim tl 'l~1~'W II 'W1'Vll'l 'l'W 
OJ • 

ms nunuuusauiln 'iW1Vl~ 1!~Dl~ tl~1 tl lVlrJ~tl'lljtll'i l~~ rJlJ~1Dcil'l 'lM'1~'WI-U
~

tl!~rJ1tl'W ll-e1 ~ 

~1'lJfJlJfJW Vi 5JiJ'lVi'~~ llJ~t11Vi'W ~ rieu Vi ltll'i'Vl~ 'ffD'lJ 

.d 
'VllJ1: Zhang et at. (2004) 
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4__- - - - - - - Dk' ",lrieprobc 
(in conlKt WIth $&mpt ~ during mc:&5URmcntJ 

4__-------AlwniniulQl.t.oppcr 
(removed durina measur't'ment) 

!4-- - - - Wak f ln 

WalerOUI - - - - Tcmpea.lun: control ~CSloC"I 

- - - - - - - Sampl, holdu 

- - - - - --s..mpk marcri lll 

=-- - - - - - PI..nc labonltory j ac.k 

(b) 

-rhn: Zhang et al. (2004) 

~ 1flf11'H9l'i'.HI leJfl1;1'1 'j 'V'l'1J"J1 f11 'H'1 'j 1 'iHH)Uf111:lJ U~\! 'j W'IJ eJ..:j l'J1~ tI'U 1 ~ un U 1off 
~ lI] I 0 9 ~I fJJ a a a a ... 1 cfd & 

I'VI fI 'U f1 11U U m 'VI 1Cl1t11;1' 
I 

1'U t'l1ty
I 

'i) :;; iu 'U f11 'j 1;1''j 1..:j '11 'j eJ eJ eJ nuu U1m 0..:j:lJ eJ '11 'j eJ QlJ m UA 'VI rrfl£l 1 

f111:lJff:lJ'W'U1l'U~1'U~1..:j "l1'lf'U f111:lJ'I1'U111ti'U ~fl£lUA:;;'VI1..:jf11t1m'V'l1~tlfJ..:j'1~'1~~f11'jftfl£l1~llr'U 

G..:jflUA 1;1':lJ-u~mtll 'U'lJ0..:j'VI 1~ tI'U ~IU~tI1mUCl..:j '1U l'lfU f1UAI;1':lJ-U~'1~~I~fl\9l~fl eJ..:jfi'lh :;;fleJU'VI1..:jlfl~ 
q q q 

v , 

I~ 'U ~'U ~..:jiJ'U fl1 'jftfl£l 1 'I11~ 'lfoW f111:lJU ~U 'j W'IJ O..:j 'VI1~ tI'U'W'U 1'l1:lJeJ'U 'VI eJ ..:j~1t1lClf'UIClfeJ {f1i'i'U 
'" q q 

i:lJ 1 fI 'j nWllCl:;; 1;1':lJ-U~ i~ ~l~ fl\9l ~ fl lfJ 'U f11 'j 'I11f1 1 l:lJff:lJ'W'U 1'IJ0..:j 'V'l1'j 1iJl\9l0{~ 1U i:lJ 1m nw~ 

Iu~ tlWltJCl..:j '1U ItJ~ uu I'Vi tlUtlUfl11:lJU ~ us W'IJ eJ ..:j'VII~ tI'U l~ eJ~ 'O:;;l;1'eJ~f1~ eJ..:jtlU1Clf'U lClf eJ {1 'U f11 'j 
'" q 
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'l'Ums 'YI~ffVlJ'l1lfllllJlJ~lJ'i W'UV~'YIt~ 1I'U ~1 ,)lIiJu'Ulf1~ 'l'Ums 'l1lfllllJ fflJ~'U,r 
~ ~. 

'UV~~l'iliJt~V{;{nl 1lJ lmnvJ~t1J~lI'Uu1Jtl~11Jl1J~lIUlllllJfilJfllllJlJ~\!'iW'UV~l'Jt~1I'U t'lf'U ~tl 
d QI QI ~ ~~~ , ",I d'd cr'~ QI 

l'Jt'ill'UffllJl'itHI~'i~~lJfllllJlJ'i\!'itu 100 tlJVWlf'U\PI Clf~'i~~lJfll'it~~~U~ 50,60, 70, 80, 90 Utl~ 

d d J. I ,d",1 ",I d' d d' • d d J. .c::lll mulfWlt'Vi Vfll 'i ff ~ VVfl fll'i VlI'Y1lJ'i ~ llltu 70 tlJ V'i tClf'U \PI U\PI 'i ~ ~ 
QI 

u fll 'i imnflll It 'Vi Vu 'i nfl 
~ 

'I _I 'I ~ w d "d ,,~ d w "" ".!'" rnn tuin ~t'YIf'lm1l t'If'i ~~lJ'YI 80 t1JV'i tClf'U\PI Clf~ 1Ilflfll'i t1Jtlll'UU1Jtl ~'UV~'i~~lJfllllJ us \!'itu 'Uu 
~ ~ 

nnu ffV~fl~V~filJ1J~lJltuU~~ Ul\Plltl~~bCl1 fllllJ';'U Utl ~fJtu fflJ'IJ'~ 1~~h~ fl\PI~fl'U V~ ~tll'Jt~ 1I'U .. 
~~U

~ 

'U~~iJfll'i fffllllrll fll'i\PIVlJff'U V~tClf'UtClfV{fl~'U1lJ1m nvJfilJfll'i t1J~lI'Uu1Jtl~'YI1~ff~ 'il'Y1III 

d dl QI.::::lllrl ~ d ~ GI .::::ll d' , 
tfllJUtl~fllll.fll'Vi 'illJtHfJtufflJlJ~ll~VtClfl\PIm t'U'i~lI~fllllJlJ'i\!'itu\PIH '1 



,... 
unn 3 

. 
'j}.C\.C\ ..c::! 'j} I 

2. f1i'lO~~'il9nHl liMO Fuji ~'W S8000FD 
31 I d 

3. ~ll'IHt'\J~ 

4 dy I 

4. Ifl'jO~ network analyzer liMO Hewlett Packard Agilent ~'W 8S30A 

S. ~h~f111Jfl1JOWMfliJ 
•• OJ ., . 

j} ltJ' 4.od. Y I

6. ~01J li'lflll1J')j''W liMO Memmert ~'W 100-800 
I I '" •

4 Q.I 0 Q.I Q.I d. 'j} I 

7. Ifl'jO~')j'~'W1M'Wf1l11J1J9Illi'l'\J liMO Sartorius ~'W CP 3202S 
4 dy I 

8. lmo~ spectrophotometer liMO Novaspec II ~'W 80-2088-64 
31 I d

9. 9111')j'ffl'jlfl1J
OJ 

10. 'I[~q1Jmwlfl~O~ll~li'W,ro~1Jii~91f1n1'lf'W 1Jf1lf10{ '\Jl~1Ji'1J1J~m9l'j Mi'lO~ 

'YI~i'lO~ 1~'W~'W 

I. Zinc acetate ~,ro Ajax 

2. Potassium ferro cyanide ~,ro Ajax 

3. Phosphotungstic acid ~,ro Hemedia 

4. Sodium hydroxide ~,ro Ajax 

S. Potassium sodium tartrate ~,ro Ajax 

6. Dinitro salicylic acid ~,ro Fluka 

• "'31
7. Phenol discrete crystals tiM 0 Prolabo 

8. Sodium sulfite ~,ro Ajax 

9. Hydrochloric acid ~,rO Prolabo 

"'31
10. D-Glucose anhydrous liMO Ajax 
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" " t'Ufll 'jfhnn fIi',rw, ~ fll 'j 'VI ~HHI 'U 'iI ~ ils ~ fHJ 'U ~1 tIfll 'j 'VI ~ ffV'U fll 'j ~ V'U ff 'U V'I'IIV'I 

lC]f'U IC]fV {fl g'U '11 1m 11l'l fll 'j ItJ~tI'U IItJ ~ 'IfItu rru ,j~fl1t1flTYHl~~ 'VI 1'Ilfl i:i ll~~ fl1 'j 'VI ~ ffV 'U• 
fltu ffll,j~'~~il~n~~n'IJV'IH~'VII~ tI'U l~tlH~'VI1~ tI'U~'~' 'U fll'j 'VI~~V'I ,~lll'illnff1'U 'IJV'Iln£J ~'j m 

" ''U V.'ll'~V1~ 'iI.'UflHY~1i'j'jlJ'jl'll' ll~~i:i'j~tI~l1~lfll'j'VI~ffV'U 2 q~fll~ ~'Iij 

i'Ul113 mnf;llf111 ii'l 13 ff'l'l11f111 'YUY. 2551 i:im~'I1"'I~vn'Ul'U''Ui'Ultlll~'U 

.,j'flll~tJ'j ~ llltu 91 i'U.. 
i'U~ 19 mnf;llf111 ii'l 16 ff'l'l11f111 'YUY. 2552 i:im~'I1"'I~Vn'Ul'U''Ui'Ultlll~'U 

.,j'Vll~tJ'j~llltu 94 i'U .. 

fl11n~tT8'U msVI 8'UtTU8-:1'IJ 8-:1!CJfU!CJf81fl gu'tJ1fl1!1~ 
. " 'l'Ums 'VI ~ ffV 'U 'I11fh~ v 'U ff'UV'I!C]f'U lC]fV {fl il 'U' 11 1m nl'l 'iI ~ ~ v nll rns ~~ ~'I 

0' ~ od~.d. 0 ~ <II ;f
lC]f'U1C]f{)'J C]f'l1l11ifll'j ~11'U'Uf11'j ~'I'U 

1. 'illnlf1Hfll'jl~tI 'j~'U'U lm'l'lilmC]f'U1C]fv{'~fflm~Vfl1lJfJllfJtum~fll'JH~~ 

H~'~ 1~tI Ill' 'Uti ll~~fltu~ (2551) '~VVf111'U'Ull~~~Wl'Ul1C]f'U lC]fV { ,~VVf111 'U'Ull~~ff~ 1'1 

.-<!ill)'i 'i ... d dI~ d d 0 j1d~ .... <!i 
lC]f'U1C]fV'j fI~'U III !m 11l'l !~tlfflt1mfllff~1'V1'11'U 'IllJ'UfflfJmfllffffl'l1 ~tlll'VI1'11'U1'V11lJ'U~1ff'IfI~'U 

jI II)_I, d 'i d ... d d ..."" "'I ... d dI _I
!'IJ1 l1J 'UH~'VI1'j fJ'U !~tI'VI fflfJmfllff~1'V1 ffV'Illfi tu ffll'U~l'\111V'U fflt1mfllff~ 1 'VI '11 'U'I'VIn1J'j ems 

G j/ dQl J. QI.d ~.d j/ od 

'VI I'll 'U1'VI 'j 'U fI~ 'U'IIV'Imrmtm ff~ 1 'VI '11 'U'I'VII'll1!1~~ VVnu1'illn H~ 'VIIs fJ'U• 
, ~ tJJ d <II 0' , 0 

2. 'Urns 'VI ~ffv'Umvn~'U 'VIA 'j tI'U ~'U 1i'1111 V'U 'VI V'I'illnff1'U 'IIV'Ilf1£J ~'j rrs 'UVunV 

'll'~V1~ ~'I'I1i~'Umff~1i'j'jlJ'jl'll' ~i:i"n£Jtu~~ffll'U'jW ,~~~ hfl i:inl'11'U~i'U~vn'Ul'U~oi1~I'i1'U..� 
.di j/ ='t " , <II d..d. 0 <II I .d.1q , 0' 
C]f'll'ill'IJV'I ffl'U 'iI~I1J'U HHfflllnff'j 'U1'U'VI~Vn'VIl 'j fJ'U 'Ul'U 1l~~'Vl1fll'j~f1l1~'I~Vn'VI IIIffll'U'jtull~~'" .. 

9!od 0 d d ,..;.t '1111 'ill'U1'UH~'VII 'j tI'U 'VIl'\1111~ rru 'Ull~ ~~f1'I• 
" . 

3. lilvn~~~'I1C]f'U1C]fV{n'UH~'VI1~fJ'UH~Vii:i"n£Jtu~~ ,~~~ hfl 'IJ'Ul~lffW,h'U• 
ff'U6n~1'1mfl ~~'IJ11'1 tJ'j~ llltu 20 lC]f'U~ 111~ 'j ll~~ffl111'jtl~~~'I1C]f'U lC]fV { ~'j 'In'U~'IJv'I H~'VI1~ tI'U.. .. . 
,~~V~ ~'Im~ 28 
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I Q;' & 'jI tI Q,I ii' tI 
4. rn'WU n eu'W'Vl f1't1 (lll ~Hl1tWlrw lCJH)'j 'Vlf11'W !~tlm 'Wfl1f11 H1eutr'W (l~ICJrWlCJH) 'j'" . 

'tI(l~U~ n~ 1'W 1'Wl1m~1mil~tI~tl'W II~n~1'W 'il~1T'W.y;f1.u'(lllnci1 10 f1f~ Uci1ih~11Jlm ~tJl~'W~n 
'" 

f11'J\91 nunu (l~'tI(l~II~n~1'W ~~~l1u 'lJ'lJ'tI(l~.u'()lJn~ 'Mf'lJl~'W.u'()lJnU 'lJ'lJ~~I91(ln ~~ i~ tr111 1'j (l~ 'il~ 

ri1'W ~ 1()()f11Jli~l ti(l~ 'ill m1:l 'W 19111n 'tI1'W 'j ~ 'lJ'lJW'tI~ 1'W tr()~ ~ ~~ ()~ lJf11 'j f11'W 1tulvlmlll M~11 '11'() g 
1'W ~l1l1 'lJ'lJ'tI()~ln'tl~ l'WiY'lJ ~~~1~ i~ 'il~ll tr~~ ~n()(lf11Jll~'W 1911In 'tilltr~~~ 1'j~~'lJ'tI uau'j ~~'W i vJVl1 

c!l _I.,t _I "-"" q q 

f)l'.i"f)'lIlf)l'.iAlJ~t1'UUlJ~~i'JWinJ'UVlf)ltl.flWtUtl~'t1HmWUfl~NtllJA'.itl'U 

.d ea <I q"1 ~ d 01 c> Ii] ~ 
I'W ()~ 'ill f1f1 1111 u 'j u 'j tu 'tI ()~ ~ n 'Vll 'j tI'W 1J'j ~ nnu ~ 1t1f1 urn 1'W'Vl tr111 1'j (l1J'j ~ III 'W !~"'. . 

v 01" d ?t ~ dli] , 01 c> Ii] v v "I" 
~1t1191111Jm 1'b''W tr 'tI'W1~ 11J'W191'W lln~f1tufJ1'W'Vl !lltr1111'J(l1J'j~11l'W !~~1t1191111Jn1 1'b''W• 

)I I I I 

()~f111 'j ~ nnum ~lfllJ ~~ 11'W ~~ i~Yl1 ms 'Vl~ tr()'lJf11'j 111~ uuuil n en VJf11 tlfJ1'Wlln~ If1lJ l~ mA 1~ 11l 
. v 

i~ll l11'j~liJ'Wl~()11 U~'j~~'lJfl1111'lJ ~'lJ'" 'j W'tI(l~ ~n'Vl11. tI'W !~tllJ1n'Vl~tr(l'lJ~ 'lU 

1. In'lJ 1911()~1 ~ ~n'Vll~ tI'W ~ lJfl111111rill n~ 'tI'W 1~ ~n 1f1cil~tI~ tl'lJ ~n~~~ lClf'Wl C1f(l {• 
f1~'W ill !ml1vJ ~1'W1'W 3 ~n 'YJf1 "l 3 1'W ri1'W~1f11'jI91(l'lJtr'W(l~ !~tl1oMlClf'WlClf(){~l'I1jj(l'Wtl'lJ 
•• v 

lClf'W IC1f() {ll~ ~ tl'lJ ~ n 'YJl~ tI'W u 'W ~'Wl~ ()'111 'l111oM! 'W f11 'j nau IIIuu '11 cl~ 'ill f111'W 'I111Jl~ 1~ n19111111 'W 1 
• • v 

tl11Un~U 'W 1't11Nuci1ci 1t1fJ 1'W~~191() m~mY ~1f1191f11'j 111~ tI'Wlllln'lI'Weun~ 111 ~ (lf1'Vll~ tI'W ! ~tlYi 1f11'J• 
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~ . 
2. 1~lJ~1mh<11afl'YI1i flt.!11 fl::a U~tlfi'Yl1i uu~1tltiN'tI fI<1 Hfl~1 fltiNii111nl'i 

f:htl11l'YUi fllJ~mJ11~1 hW111nl'ill'li1Uflfi11~~~1f1ti1~~flW'11 11iJ -18 fI~ff119ffl1~m,.i 1~ff1t.! 'tIfI~. '" 
, , " 'JI JI 

1fi1l9\'ifi'j lilflii ~~th1Jl'YI9lfffllJ'I11fil'lj71JlijH111'lJ~t.! tI l'11irfimr~ U7'lJ 1WtI 19\1fl i~ha;l1"~ 

U71JlWllih '11 ,,~~ 1fi~111fil'i 'YI9lfffllJL~1J'I~/fJ'lJ "U,,~9i'1fJti 1<1 'YILi eu~t.!ii~u 'i ~'lJ 1Wit.! ~ 125 it.!'" . 
, ,'J1 I 

'11"~9l ernnu '11 ~ tl ~t.!g <1 ':i ~ fl~ii H"'YIli tlt.!ii ~ fl~~19ft.! 19ftl{ih111'lJlJ7lJ'i wl~'lJiiI 9ltiff~1 f)9\'il1fi . '" 
Q.I .d. ~ j/ eta. : ~ ~ .et ~ dod Q.I , 

"fill W~mflt.!erm 'IJ1Hfl~ ~'11 'lfl ~ 1f)\PI t.! '11 u l'lJ'lJfft.! 1mfl '11 ':i fll 'i'lJun fl t.! n 'il ~ mrrn inu\Pl1f1t11~ H" 
~ . 

lJli tit.!ii'~'I1'lJ9ltI 1'lJ1'Y19lfffltJ'nMfI~ UilV~nl':i'lJ 'I111'Y1t11"flmH ~~ tl 'lU 
~ ~ 

3. rm 'YI9lfffllJ11lU7'lJ1W fl11'lJ~'U tI 1~1tltiH1a flUfl~ 1U~flfilJli flt.!flU~1fl~tl'lJ 
" , , 'JI 

llM<1i~fl11'lJ~t.!lh;JW'I11JiJ 70 fI~ff119ffl1~tlff li1t.!nfl1 24 oM1 i'lJ~~t.!tI1'11irfi'tlfl~9i'1f1tiHhj 
, iI 'JI v 

lU~tlt.!UU,,~ lfltl111fil':i'YI9lfffllJ9h 3 flf~ (Nelson et al., 2006) ~lfiirt.!~~fl1t.!1W'I111UfI{1~t.!1Pi' 
~ : Q.I j/ ~ ~ fj/ f Q)/O I d

fl11'lJ'lft.!Ufl~ t.!I'll 'U nu'11 ~ 9f~9\1'lJ1Jl9\'iiT1t.! fft.!fl 1Lf)ll\PI 'i U"~ fl1'111':i U'I1 <1 'If1\PI i fl fil'l1 t.!fl11'Y11.'i uu 
~ 

~t.! i 'I1'lJ fit.!YI fJ<1~l'11f ums ~ 1'11111t1'l~~tl~ iiJ1'11 irfin,r~flti1~t!fltll'viltill 32 1UfI{l~t.!~ 
~ ~ 

4. fl1'i'YI9lffflll'l11uj'lJ1Wth9\lfli~1a;n"~l1il~ 19lfll1fl':i1~"'U~1JlwtI1\P11"j~1a; 
~ 

.jf 'I <!l "" <;' "''''' "''''' <;' 'I fJ/
U"~U1J~ nnuenneu !fltl11i DNS-method \PI1'lJ11i'IJfI~ AOAC (1984) and Miller (1956) !fltl A'If 

q 

Jt I d Q.I .c:!I " 'J/
lmfl~ spectrophotometer novaspec II 1t.! 80-2088-64 'YI'i~fllJfl11'lJfJ11fl"'U 575 t.!1 !t.!L'lJ\PI':i Ufl1 

~ . 
fl1t.!lW11lU~'lJ1wtI1\P11r1j~1a;UrI~11il~ ~~ff'lJfl1'i.yj 6 UrI~ 7 

.1'" : ""'" <I .1 <I G K(B(100)(dilution)<I 
us u 1W'Wl\PI1rI'i fll9f (Lue'i L9ft.!\PI) =----=--'-...:-:------'- (6)

lOOOA 

.1'" }f. 1 <I G <I K zV(100)(dilution)u nnWU1J~ (lUm19ft.! \PI) = ~--'---'--'--------'- (7)
lOOOA 

.;, <!l -I 
l'lJfI flfl (Slope) I 

<!l _I nn (Slope)(0.9) I 

<!l • dli) fJ/ • .1 <;'
Slope fltl fll'YI A9l'il1fif)Hrtfift'" Afltl'1J1\P1':iiT1t.! 

~ 

<!l I <!l 

I flfl fllfl1'i~9lfiflt.!U ff~ . .� 
0.9 fifl fi1m.yjlt.!fl1'ilU~flt.!tI

~

wllmrJt.!uil~ 
~ . 

B fifl U7:lJlW 'IJfI~L'I1ft1'ti<1'11'lJfl.yjl '* (1t.!tY1t.!1ff) 

v fifl UjlJ1W'lJfI~L'I1ft1~1~ (1'UtY1t.!\PI~fiflt.!) 
~ 

.o=!t 0 QJ' Q.I'
A flfl t.!1'11t.!fi'IJfI~\PI1mm 

• .c:!I QI .c:!I 

Dilution flfl 'i~9lllm'il~fI~l~ 
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fll ":i nVI neutl),Joo1VI ~! ~ fWI~ f) 

1t.!tll ':i fttllJ lfi 11 ~ D!~ tl~ j nun~'VIl~ uu~ lil ~ tJt.! uil(l ~ '1 'l.11 Wl~ m~ ':i t~'lJf)'HIJ• 
uj 'lJ':i ci' !~tJ ~'illtlfi 11 ~ D!~ tll'1 j mrlt.!vn':i liJ!1'1 tJ{~ iJmllJ r:YlflW1l-J tll ':i fttllJl!~ tJlnu~(l 'U tJ~ fl ~t.! 

~ u 

. " 
1lJ i mnvJYiiJ~tJl(l'~ 1t.!tll':i'VI~(l'tJ'lJ'ilt~hut.!tll':i~~ij• 

1. fttllJ 1!'VIfl Ufltll ':i 1~fil1 ~D! ~ tll'1 j tl~ ll1lJ1t(l'lJ ~tJ rm l~ fi 11~ D!~ tll'1 j tl 'U tJ~ 

'YJ!~ uu'lu tll':i'VI~(l'tJ'lJ l~l~i 'W':i'lJU'lJ'lJUtlt.! ~llJ'l.1mmiJ~ (open-ended co-axial probe) 'iltiJ~tllJWt 

!~t.!(l'ltJri~~lt.!fl~l-J Cl~1m U(ltflWt, 2551) ll-Jtll':il~'ilt~lJi'W'j'lJ!~11'l.11l-J'UtJ~Il1(l1l11tJbYlJir(l' 

Nll11! l'UtJ~'UtJ~U~~ 'ill mit.! (l'l-J llJ!!l.im ~ tl1 vJyh mrul mtJ I 'W':i u'ilt t1 
~ 
tlri~ !~11 'l.11l-J l(l'~.U(l t 

!il~ uuuil (l~!rl mYlJir(l'n'lJl(l'~'V1 ~ rrnu 'ilt 1f1'~(l 'U tJ~ bYWW lW ~ (l't.neutJtJtllJ1!~ t.!fllllJ bYlJ~t.!TI 
• u u 

n'lJfil1~D!~tll'1~tl 

1t.!rns'VI~(l'tJ'lJ'ilt~ tJI 'W':i'lJ!~tJlJ~tJn'lJ network analyzer ~MtJ Hewlett Packard 

~l-J 8530A 'lil~fllllJ3 100 fii(ll~HI'1-8.5 fitltl~{1'1 ~~u(l'~~lwn'W 29 tltJt.!l11tll':il~'ilt~tJ~l11tll':i 
" . . 

ll1tJ'lJlJ1I'1':ii1t.! i~tJtll':il~nmillJ1I'1'jilt.!~tJ tlltllff 1~'il':i1vJyh U(lttJltl~t.!l11tiiJ'l.1'jt~l1~~'illtl 

Jt.!~tJ~iJtl1':il~lJtl1':i ri ~bYWW1W!;jtJ(l~mllJfl(l1~!fl~tJl-J It.! rns1~ ~~~ ~~l111 Mflm~lfl ~tJt.!~tJ 
" " 
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JAPAN 

•• •• Be••
1 

•• ••

, . 
~ dY ,

.m't'f 30 !fl'HJ'l network analyzer f./1'HJ Hewlett Packard rU 8530A 

2, VVfH!'IJ'lJVtJmru'lJV'l'b'~l~fhi~ii!~f)I'I~f)~'lm'W 31 l~(1)~VVfH!'IJ'IJ!t1'U 
'" ~ .,9 II] ~'" ,I
llf)EdU!~'Ylj'lm~'IJVf){fV'l'b''UG)f'lI~~~uull'l:lJl1)lf)Zhang et al. (2004) !!ll~ Wang et al. (2003) 

." " 
IWV{fllJl'Hl1~u lfl1'IJfllJVU! '\1.fliJ'lJV'l!lJV'Yl!1V'U 

q q q,J q 

TRU E R2 

I 

I-RU E R55 

fRu E QSS 
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lmJ'lf~'Vl~HHJ'l.J'1~~11~u!~tll91~mh~m)'lJ~,.JtJ 4 -ff1'U ;itl
• 

v 

2.1 fll'lf'U~1-ff!'Utl'Vl!1tJ'U (fll'Vi 32) ij~tlfJW ~!~'U'VlHm~'lJtltlYi1'iJ1tl'Vim'ff~tl• 
'lfiJ~'Vitl~l'Vi ':j'Vl~'U (polypropylene) !'dtl.:J'iJ1tl!~'U'Vim'ff~tl~'1ij~1 loss tangent ~1 'ff11l1'Jt:l li'ti'lJ 

m'l11mn~'Vl'UtlW'Mfl:iJl~'J~'Mi1.:J 0-90 tl.:JrrWlfm~tJ'ff. .. 

v 0 

fIl'W 32 fll'lf'U~'Vitl~l 'Vi'JVi~mY1'Mf'lJl -ffn1tl'Vl!1 tJ'U!~tl1~~11~~h~tll91~ tl• 

v 0 .t:9 ~ 

2.2 'Vl'j .:Jm~'lJtltl~l'U 'U tltl (fll'Vi 33) 'Vl1'iJ1tl'ff!WI'U!n'ff!'Vitlfl1'lJf111tlW'M nuutl'l.. .. 
" " ~'U 'Vl~'fftl'lJ 1~tJ'ff11l1'J t:I~ tll1tllJ11'M m1tJ'U!~ltltltl l 'U Yirr'Vll.:JI91'J.:J~ 111 ti'U 

iO
I -.. ... I, , 

--===--=-=::;-;-...=.::- ; 

I j 
j I 

L ----' 
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. " . 
2.3 ~ltl~ (filV'l 34) tViijfl1t1'llHJf:U'HfJii\lf)~ci?'U'VI~lH)1J1,fiifl11lJ-.;yillt-.;ylHJ 

I G\ d '.d 4 :'", ~ ~d <lJ d<lJ ua~'lf1fJ t'U flllil~ 'flijflfil'lf'U~ 1-.;y'Yl!'W'Ut 'Uij~ 'illfl\lf:U~'U 1 t'H 'fl!1fJ'U 'il~!fl~U 'j~~'U \I'UlJ'flfllJf:U~• 

" 1ll'W 34 ~lilfl~t1fl'jcl'iflfh iflfltgfl\9l~mJij~tuf)'YJi1 fJ'U 

I 'J/ , , 

2.4 \lfltl~ (fIlV'l 35) tVif)tl~1J~!1f:U~'U'VI~-.;yij1Jtiij'Uii'il~1,*1V'l'jtl1~ t.wij•". . 
f111J fllJijf:U 'H flii\lij~~'U 'VI~-.;yij1Jiifl11lJ -.;yillt-.;ylJij f1'U 1~fJm V'l1~t1~ t1f:U fi'il~ '1 oH1 V'l 'jtl i~'il~~ij~ ii.. .. 

8 
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o 

4. Yilfll'H~tllJ~tl'!1~l~flli~~b~fl~~fltl'lJril'lflTlJfJlJ~rulUJiJ (m~ 37) l~tl 

m'lJfllJtlrul1f1iJ'lJtl'l~'JtlVl'l nmJYi rms l~fll i~l~fl~~fl1)~\9i'tl'l~'j"l'il'(H)'lJtlru'11 f1iJ'lJtl'l~ ltlVN 't,r
Q q o:u q o:u 
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m ..... 38 ms I'l'.i 'n nHI'U tltu 11 fllJ"tltl.:j1911'tlVVHi1 tlYH~ V'l..!f1el'W rns 1~~1 1~fl!~fll'l~ fl. .. " . 

do Q Q (1' 

fl11lJfI 2-3 flfl~U1'.i1'l (fll'W 39) 

v 

m ..... 39 rm 1~~11~fl!~fll'l ~ fl"tltl.:j1911tlVl.:j!i1 tlY1!~ V'W• 

v " v 
1'Wrm fll!il'W.:jl'W ~h)v 1'Wfli'.:jU ~llJ 1'.i f1~'.i 1.h'J'W1'l tl'Uf11 '.i fll!il 'U .:jl'W lf1'fi.:juf--l'WfllJ. .. 
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d .d d d 

f)l 'HflIJH'flf)l'j n flm).:l mn 'ff'W l1J'I'l 'ff1'W 'I'll• 'j tI'W 11. 'W fl'j fl''j'Iin 1J'j 1'Jj' 

. 
"! I 0 

IVH)fl1l1JU1J'W til 

rnrl1lfltll ff1J'jj~.fllti1'W 'lJtl.:l 'I'l11 tI'W ~l rl'W fl'Jj'U fl1l1JIJ 1IJ HU'IJ t).:l'l'l11 tI'W ~ 
q q qJ q 

fftlfltrlltl-:ltlmilm'j ~tlIJffl.jtJWII'WIC}ftl{fl~'WllJ1m 11'W 



.� 
<=I 

tJ'YI'YI 4 

III ifl 'H1vJ 'ffll'jj~'Vll-:jf11fJm'VHflij'UU-:jl'J11 fJ'Wl.:j\.J i'HlJ'e)'W'VIu-:j f111~fll~f)\PI1f) 11ll{)-:jf111i!fl1 1~11 

fl11myUW'W TI1 ~'H lN1~~ unnuu1U 10TnUf11f111\P1UU rru U-:j!Clf'W!ClfU{fl ~'W III i m nvJ 'ffll1J~'VI N 
'" 

. ~ 

1'W f111 'H lf11f)l1\P1UU'ff'W U-:jIClf'WIClfU{fl ~'W III i m nvJ 1 ~111 f111 'VIfHW-:jCJ11IfJ'Wn" 1 
~ , 

2 tl~ f11el ftU 'VU1.255 1 U"~ 'Vi. fl'.2552 ifl fJf111 'VIfl elU-:j 1l~ 111f11 1~fl ~-:j IClf'U!ClfU {fl~'W III i m nvJ nu 
~ , 

H" 'VI1~ fJ'W U'W ~'W IW~111f) n1J'W Vif)Hel1'Wll\9iel~1''W 1l1f)'I!m11H" lil~1 tJilm l~ 11'H lfl11ll iYll~'W TI 
q 

'l!lii" TM& .d1lJ!li '" 
i ~fJ!'lf usumu Microsoft Excel Clf-:jH"'VI !~Il'ffmfl-:jm'Vi 41 

OJ .<:::\ 'tJ,ai
'a:::Vl1J fl1 UJ1J'a'Y'H;l.I(l a~ ICJItm) 

0.640 
50 60 70 80 90 

0.685 

0.635 
2552 

0.630 

0.625 • • 
0.682 

0.620 0.679 

0.615 •• 
0.610 0.676 

0.605 
• 2008 

0.600 - 0.673 

0.595 • 2009 

0 0.670 

0 95 100 105~ ~IIO 115 120 125 130 
1l!l'li:l.,'jvHlO1J1l! 
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I d. ~ •• l::S. 

'il1n HCl'tltl'Hl1!l! Cl tI'tI tl~ rm ~ eu ff'U tl ~191'U 191tl'i 'iI::: 'V'l 'U11fl1f11'i ~ eu ff'U tl UJ 

fl1urcrlJYr'U 1In'Ufl11lJ'U1'U'iW'tItWVH1tI'U li~ltl~i 'U')b~ 0.595-0.623 l~mltJ~!~'UfftlHb~fitl 
.. q .. 

• y 

'I11~mm.h::::IJlW1'U-vi 90-103 1'U'I1"~~tln'Ul'U 'V'l'U':h~lliU'U11,j'lJCl~Cl~ 'I1"~'il1ntr'Uliu'U11,j'lJ 
, '" 'J/ I 

l~lJ;j'Ulh ::::IJlW1'U-vi 103-115 1'U'11 "~~tln'Ul'U '11"~ 'il1ntr'U ~lf11'i~tl'U rru tl~lin1'iI1J~tI'UU1JCl~ 

• y y 

lijm1J1 tI'U!-vi tI'UHCl'tl tl~ ~ 1ms~ suff'U tl~ 'tItl~! 91'U !91tl{i'U f11 'i 'Yl~ fftl'Ul1~ fftl~fll'~ 
• od 1'jJ d QI QI d ~ ,J od lrJ9Ii Y'" ...'j/ od 

'V'l'U11lJU'U11 'UlJ'Ylfftl~flCltl~n'U lJ~~HnH'U'Ylff1lJ1'it:1U ff~~fl11lJ'U'i\!'iW 'tItl~l'J!'i tI'U l~ nCl!fltl~n'U 

"'t "I _1 "G " ."j _ I'" '" • " "j II] '1 _.I .d
fltlu'i::::IJlW 65-70 !utl'i !91'U~ U~!lJmu'itI'U!'Yltl'Uf11't1tl~f11'i~tl'Uff'Utl~I91'U!91tl'iflCl'U iu 1mI1Tt'Yl 

II] Y':: '" I ..."j ~ i '::'I.d I ... oJ 
l~ 'tItl~ HCl 'Yl ~ fftl ~ q~ f11Cl 'iI::: u fl11 u U~ n~ H nu ! 'Utl~ 'ill ru1J 'Uf11'i n ~ enu 'Uun ~ H n 'U 91 ~ 

'j/ od odd v dod' QI ,. ~,: 
ff.fl1'V'lU1~ CltllJ'tItl~ff1'U l'Jl'i tI'U'Yl!f1'U'tI tl1JCl n'il:::lJfl11lJU~n~ 1~ nu I ~ ml! 'V'l1::: fJW'I11JlJ UCl :::fl11lJ 'If'U 

l:YlJYr'yl 11'tItl~ tl1n1fl'~ 'iI::: lifl11lJU1J'i1J 'i 1'Ui'U U91 Cl::: 1'U ~~ tl1 'iIri~ HCl91tl ~ 1n1'i~ eu ff'U tl~ 'il1n 
y •" i .o::::::t. QI tI ~'I ~ QI.t::S ~.o::::::rt.

191'U 191tl'i 1'V'l'i 1::: 'U f11'i~ ~~~ 191'U 191tl'i 'iI::: 11J'U f11'i~~ nu HCll'J rs aurnuu en IlJtlfJW '111J u UCl::: 

~ d ... Iet ... 1 d I ijJ,d lrJ 9Iod v evod 

fl11lJ'lf'U'tItl~mf11fl''itl'U"l lJf11'i!uCltl'UuuCl~nm'ilff~HCl 'I1f11'Yl l~lJ 'Utln'il1nff.fll'V'lU1~CltllJtI~lJ 
y 

HCl91tlf11'i1'il1W'tltl~'Yl!1t1'U 1'l1'U tlW 'I1.fliJi 'U'I11~1J'i::::IJlW 25- 30 tl~fl'1191Cl!~tlff fl11lJ'lf'U l:YlJYr'Yl1li 'Uu q q cu 

"I _I "G ,,~ .d 0'" "" '" "'t
mf11fl'u'i::::IJlW 75-85 !utl'i !91'U ~'iI:::!1J'U ff.fll1:::'Yll'l1 :IJl:::fflJff1'11 runm'iI'iW'tltl~'Yl!'itI'U '11 sem 'iI 

" q 
y • y 

!~'UHCl'il1n1nn1'i~UCl'Yl!1t1'U !'If'U n1'ii,r'\.J1 ~lU'I1'U~'tItl~HCl-vihi'1''UUff~ ~~tr'U'il1nil'il~tl911~ ., ~~ 
.. q I 

• y 

m 'iIri~ HCli,r~ 1-vil,;''tItl~ rm ~'i 1'i1 fftl'U9hlifl11lJU~n911~n'U 

Irlmmtl'U!-vitl'Uti'U~1'U1~tI'tItl~ Kalayanamitra (2005) ~~utJ~'i:::~'Ufl11lJ'U1\!'iW 
d ~ ... 1 tld,J 'd I QI QI 

'tItl~l'JI'itl'UI1J'U 50,60, 70, 80 UCl::: 90 !utl'i!91'U~ 'iI:::'V'l'U11'i1:::lJfl11lJU~nm~'tItl~'i:::tI:::1'U'I1Cl~~tln 

"I ... oJ ~""j ...... '" i I
'Ul'U u'i::: u 1W 10 1'U 91~m 'il11J'U HClI'U tl~'il1nf11'i'U use tI::: 1'U~tln'U 1'U 'tItl~l'J1 'i tI'U 'UU~Cl :::q~ f11Cl 

UCl:::l'J11t1'U~i,*n1f11'i'Yl~fftl'U:IJl'il1ml'l1rl~~91Hti'U 1~tI'il1m1'U1~tI'tItl~ Kalayanamitra (2005) i,* 

d QI QI QI .c:::S oJ ..c::S ~ 'j/ e: d. ...1 I I .a oJ I i Y '" 
l'J1'i tI'U'il1n'il~'I11~ 'iI'U 'Yl1.p91~lJ1JlJmf11fl'u'U'U'i tl'U 'If'U lJ1"l'U~ntltl1~~m'U tl~ 91~ m'ilff~HCl 'I1l'J!'i tI'U 

I, 'J/ , 

YrWI 'U1i,ru ri '*lW:h lijm -vi tI'Uti'U Il'l1 rl ~ -vi:lJl'tItl ~ 'Yl11 tI 'U i 'U ~ 1'U1 ~tlU -vi i ,*'Yl!1 tI 'U 'ill n ~~ '111~ 
q q 

.t::S .J.t::S.Co\ d I QI~d.<C:.\ .t::S ':QlQI,J 

'Um fl''i 1in m l'lf91~lJ1JlJmf11fl''YlU~n~l~n'U fl tllJ fJw 'I11JlJ ~~ (32 tl ~fl'1191Cl! 91 tiff) fl11lJ 'If'U fflJ'V'l 'Yl1i 

~1 (62 !1Jtl{l~ml) uCl:::liH'U~n,j'tltl(2791 iJClilllJ~'i) (mlJtl~iitllJ1'Yltl1, 2552) i'U'I11~~.yhn1'i 
q q 

<!I 0 QI d I QIi Y i 
'Yl~fftl'U 'iI~'Yl1 'I1'i:::tI:::I1Cl1 'Uf11'i'V'lWl'U1't1tl~HCl'YlI'itl'Uu~n~Hn'U 

q 

Y G II] Y I ... I ""j
'il1n.fll'V'l43 'iI::: i 'I1l'l1'U 1~11~~HnH'U'tItl~fl1f11'i~tl'Uff'Utl~!91'UI91tl'iflCl'U 

II] '1 _.I ... '" """ '" 'i I _I _I "G "oJllJ lmI1Ttff1lJ1'it:1Uff~~~'lf'Ufl11lJ'U'i'U'iW'tItl~'Yl!'itl'U'iI:::tltl 'U'lf1~u'i:::lJ1W 60-70 !uml91'U~ 91~ 
.. q .. 

1~'U fl11lJ 'U1'U'i W'tItl~ 'Yl!1 tI'U~'i::: ~'U~ 1ff~ ff1lJ 1'i t:1 ~ 1'11'111 tl911~1J 'i:::!'Yl fl'1~ tI'tI'Uri~'Y11~ l~ tl ff1:1Jl'i t:1 .. q q 

II] Yi <II 'j/ d .Co\ QI 111 jI QI ,J QI t .a i 'j/ .Co\ .Co\ tid,
"In 1~1 'U 7-10 1'UUCl1lJ'iff'lf1~tltllJ'i'Ul~ (nCltl, 2540) ~~'U'U!'V'ltl 'I1n1'i1J'i:::llJ'Ufl11lJ'U'i\!'iW.lJ 
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'1 'U f11 'j frf)£! 11'tJ~ (J 'U I'Vi (J'U f)U I~ ~ UJ!! ~ ~~WJ'U 1 'IJ tJ..:j N~ '¥11~ (J'U ~~ ff..:j If)\9I f11 'j
u • 

I 'JJ I 1 

Iil~ (J'U II'tJ~..:j 'IJ tJ..:jlUeu~ ~ 1'tJ?i tJf)~1 f)fl1'Vi ci1(J'IJ tJ..:j '¥11~ (J'U 'Vi iJ1:lf)£! W~ '1 f)~1 ~ (J..:j n'UN~ Yi~ CflICb''U ICb'tJ {• 
I ,. I 'j/ 'JJ 

~..:jfl1'Vi'Vi 42 IUtJ..:j ~lmjjtJ'¥JI~ (J'U iJm1lJ'U~\PWI~lJ~'U ~~iJf11'j~WJ'U1'IJtJ..:jllJ~Cfl IUtJ II~~ 1'tJ ~tJf) 

'Vi.f1'.2551 
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. ....... ~JoI_
 

, --- -

I 

---~-'~~ - j"",jl~,.,r"~~~~~I'~ _ -
-~ 

. ~ 

1031U� 

iIl'Vt 42 (l9lfl) fIl'ViI91~'lJ11.:J'Ufl.:JYl t~tlU~iJ'UU1~ 1mltfitl 'HiUfoHl'YH~ tlu~~~t9fUt9fflf1lJ 1m l'J'rJ 'llfl.:J 
q q 

iJ 'Vi.ft. 2551 
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112 i'W 

118 i'W 

.fll'W 42 (~fl) m'Vl~~"11~"fl~Ylt~tI'W~1i"'W1~1ml'l~tI~fi'lJrH'lYlI~tI'W~~~Ic)fWlc)H)'rllJ ifl'H1l'l "fl~ 

tJ 'Vl .fl'. 2551 
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.fll~ 42 U'tY~~(i~fll'HtJg{l'UUtJ~~'tI~H~~ 'Ylt~ {l'U ~ih:mJ'I1 ~~~Hlfl1J1'U' m\/lfl{l~n1J 

~~'Ylt~ uu ~91~t~'U t9m{fl~'U illlmn~ trtV'tY'~tMl' 'Ufll'j~~U'U1't11H rnsttJg{l'UUtJ~~'YlH~l'U• 
'JI 'jI I • 

fll{l.fll~'tI fl~ ti1 fl'Ylt~ uu \l: i1~ tfl~ tif 'U'hhiijfl1'j 'tI{l1{l'tl fl~ ff1'U ti1 en t~ au ti1 fl~ \llm11 'U'lh~ n 
>I • • 

l'Jt~ {l'U'ti\P1J'U 11 tJ~'j: uermUti 1~{l~~ u~ 1'Un 106 'tIfl~1'U 'I1~~~flfl1J1'U ~~l'Jt~ uu\l:t~ lItJ'j1fl{J 

1 ~'j ~ fl1fllflt~ flU'flmi1fl~ \l1 ruifnnt~ uutn ~fll'j '11 ~~1U "'1 t~ 11 ij ms ttJ g uuih1I'UiYm ~ fl~V nu• 
Q,I ~ d de:! ~ el .a a Q,I ~ el 1.c:I QI d d ~.d Q,oI.a d 

'11 ~ ~ \llfl'U 'U fl\l ~ 1I'tYm ~fl~ t~11 'tI'Utll amu1'U1 'U t'Vi 11 'tI'U t'l$'U t~{l1fl1J tll ~~'Yl t'j 1111ms ~ \P1J 'U 1\llfl 'tY 
'jI )1 j1 , jJ I 

'1hm'lVfl'Ut1l'UiY'\.h~1'lt.,j'1I;j'U ~'l'Ylt~{l'U\l~utit~lInmh~tif'U 1~i'~fifl~~u~1'Un 115 'tIfl~1'U~flfl• 
• >I >I 

1J1'U ti1fl~ \llfli1~tf1~1~'hti1fl'Ylt~ uuijiYm ~ fl~ tmdn~'j ~mfllfltn~;j'U mh~i'~t \l'U• 
>I 

\llfl.fll~~~U'U1't111~~1J 11't1'U 1~ 'tIfl~ ti1flijfll'j 'tI{l1{l~1'fl "'t fl {l~n'U tm:til~ flfl ij 

m111'11'U1flytJ'j:lIlW 2- 3 t9f'U91tll~'j i~{l 11ji'jfll'j tvillfl 1111'11 'U l't1fl~ttJ~flfHi1fl~\llfll'Jt~ uufly' 'U 

'j ~ {l~'ti\P1J 'U 11 tJ ~fl1'j Uti ;)~ i1~t fl~ 1 ~ \llfliY'tIfl~ til ~flfl~ il ~ 1{l'l1 'U 111t~lJt 11 'UiYJ1~1 'l t.,j'1I~'U ~ ~ 

m \l\l~t1I'U~'l'tl fl~tJ~ lIlWfl11114'U , 'UttJ~ flfl~t tJgtJ'UUil 'l~ 1il 

~~J'Ut~fl,..r'tY1111'jm tJ~ tJ1J ~~fll'j'Yl~'tYfl1J ,..rmj'Ul'hlllfl~'U ;)~ 1~v11fll'j t~1J ~'l 
>I 

fl1'j'Yl~'tYfl1J9h i~m~1J~'lfll'j 'Yl~'tYflll' 'U ~mIW~t~t.nn'U l~tJ ',*'Ylt~ {l'U' 'U'tY1'U t~{l1n'U ''U11 ~.fl .• 
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1091'W 

1121'W 

115 1'W 

fl1'W 43 (~V) fI1'YiI9l~'\JJ1\!'\JV\!'VlI~tJ'W~ij'\J'Wl~ lfl~l~tJ\!f1mH'l'Vll~tJ'W~~~IC)j''WIC)j'vfl1J lmnTI '\JV\! 
q q 

lJ'Yi.ft'.2552 
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1181tJ 

121 1tJ 

ill'Yi 43 (~tJ)	 fll'VlIP1~'tI11~'tItJ~'V1I~ tltJ~ij'tltJ1~ lml'l~tI'HlmH'l'V1I~ tltJ~~~I"lfW"lftJrtJJ 1m l'"rw 'tItJ~ 

11 'Vl .ft'. 2552 

,� 'jI 'jI 

lijmm tI'lJI-YltJ'l.Jfll'Vlri1t1't1tJ~'V1I~tI'W 'tItJ~f)l'j 'V1~fftJ'lJ'l1~ fftJ~f1 i'~ 'J~'Vl'lJ 11 H~ 'V11~ tltJ 
I I� 'j/ I I 

.yh~tI~tJ'j~JJ1W 1tJ-Yl 103-1 06 1tJl1~~~tJfl'l.JltJ ij~flElW~'tItJ~ll1tJ-YlfftJ~f1 ~tJ~ntJ ~~.flWlYi 44 ~tJij 

f) 1 'j I'J~ t1! I~ JJ~ II~ ~ ij iY I'll ~ e~ ci tJu~ ff 1JJ1'j nff~ Ifll'll ~ Irl tJ'rl ~ 1'j W11tJ~ tIu l-Yl uu n'lJ H~ fl1 'j 

I'l nurru tJ~l"lftJ l"lftJ{ 'Vl'lJ 11 H~ 'VJ1~ uu1u'lf1~~~ fl ri 11 'J~ ij 'j ~ ~'lJfl11JJ 'lJ~\! 'j wtJ'j ~ JJ1W 65-70 

.1 "d "..,j v '" '" •� " ..,j II) 1 ..1
IlJtJ'j l"lftJl'l ItJtJ~ 'J1flfftJ~f1~tJ~fl'lJ ~~ HflHtJ'tItJ~fI1f)l'j I'laurru tJ~l"lftJl"lfmfl ~tJ!JJ m11Y'1• 

f) 
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rH'l 'il1tlm'V'lci ltJvl~'tI11~'tI tl~'VH~ tJ'W'V'liJ ';h 1 ~ tll'JUiJ'~'W'H ~~~tl nu1'W 'iI~Yi 11r1'l~f-.l~ 
q 

~f1m~!f1~tJt.l ~tl'Vl!~ m.J~ijfl11lJiJ~iJ'Jw!'vhtl'W tJl'i1ij'J~tJ~l'W~tltliJ1'W lurvlltl'W ! i1 tl ~ 'il1tlf-.l~'tItl~ 
q ~ 

t1'i1,)tJ~l~ "1 !'If'W ffm'V'l!n~~tllJ'tItl~ff1'W~!~tJ'W~Yil hr~!~tJ'W!'iI~tyU~~~WJ'Wl~l~tl'W vll!!t'I 1J~'tItl~ 
v 

f-.l~ u 'W IX'W !~'W IX'W ~~ u'Wtll 'J\9)'J 1'i1 fftliJ f111lJu~ iJ'J W'tI tl~ f-.l~'Vl!~ tJ'W ~ 1tJ1~ tll'J UiJ~ tl niJ1'W tJ1 'iI'iI~ 
~ q 

fll"j!t1~UU!!t1(;l .n~1I1Wfl1111;u1u!t1~~m!(;l~1~~'Yll~UU.. 
!rl tll-J 11911 tl ~ 1~ f-.l ~ 'Vl!~ tJ'W ~ iJ 'tI 'W 1~ 1tl~ ! ~ tJ~ tliJ f-.l~ ~~~ !9f'W !9ftl { 'Vl~ fftl u '111 

q 

jJ jI jI jI , 

1J~lJ1 tl.I f111lJ91'W U~ ~f tl tJrl~ tJ I'll Unur1' ~ 1~ tJtll'J tl u 1 cifl11lJ91'W 'iI mJl'11Utl1lh1J~tJ'Wu1J~ ~ 'iI~ 

1~f-.l~tll'J'Vl~fftliJ~~m'V'l 45 

- • tl~lJltllmllJ.f~I1Hi1ln (255 1) o tlilJltllm ~~~tl~1ln (2552) 

100 .,-----------~~ J'-.r ---;-:-~---:::- --J'- ' 
• ~lJltllmllJ'tI'Ullw (2551) 0 ll~lJltllmllJ'II'Ul'U1l (2552).

90 ---0 ulminrrnT"(755Z)

80� 

70� 

60� 

"6: 50� 
;;I 

·1"V; 40 
,,~ 

w--; - i-i-,-I~ 

~ 30 J;----------------=--i-m-.~ .-
•20� 

10� 

0� 

0 50 60 70 80 90 
v ... ttl''''

'l~Y11JmllJm\l'ml(I tlWnm) 

I jI jI I 

ill't't 45 tll'J !1J~tJ'iH!1J~~1J~lJ1tl.1fI11lJ91'W 1'W!1J~ tlmw::autl~!~ tJ 'I.J'~h~~umuru~\! 'Jw~1~ "1 



• • 

60 

" ""� 1I1mH'l'\.lV-:ltJ~1llWfl111l;1'W 1'WfH'l'YH~ tI'W1I~'rl1J'hruv'Yll~ tI'W ijfl111ltif'W mil 'W'1f1-:1. . ~ 

0'0 0' d "'l d .:, I 0'0 0' d 

60-78 nlV'H9f'W111llmJ1'W IUtlfl UCl~ttJClVflllfl111l')l''WV~1mn-:l 76-83 ttJV'i t9flJ111ll11'i!1'WtUtlfl 

~ d"ljl, l a dl .l do d'1"d IV.a ~ rI 
11 -:It '11 'W I fl11f1111l'll''W '\.I V-:I ItJCl Vfl1l~ llfl1ff -:I rrruuV'YH'i tI'WtlCl ~llfl1 flCl tfltl-:lfl'W tll VfI11111J'i1J'i W 

~ ~. 
• " 'JI 91 'JI 

1'Yi1l;i'W d1lJ fl111l;1'W '\.I V-:I tU V'tJ ii tI'W 1I~ij U'W 1 I 1!llClfICl-:l t1j'W d1'WHflf1''W n1Jihl1 l'11lTnu'11'-:I i fltI 

"" "" ih'l1lTflU'I1'-:I'\.IV-:ltUV'YH~tI'Wijfl1v~1'W')h-:ltJ'i~1l1W 22-41 ttJV{t~'W~ ~-:lU'WtJ~1llWfl111l;1'W'\.IV-:I. 
. 

~ 

" " nl ~ Vfl~ -:I t1j 'W il1l ~tll1ij HCl~Vfl111l1J ~ 1J'iW1!Vtl11 tJ~1l1 Wfl111l;1lJ '\.I V-:I tUV'Yl t~ tI'W u Cl ~ tJ~1l1W 
~ . 

'JI " I 'JI , , 'JI 

lJ1'11 Unu'11'-:1 tUV-:I 11 1flti1V'Yl t~ tI'W ijfl111l1J ~1J'i Wt'Yill;i'W 11 ~ijd1'W tJ'i~ flV1Jfit1j'W 1l1ClU'11'-:It'Yill;i'W. ~ 

I do dd t:::). rI rI d rI do I: IV " 
1I1flHClfll'i'YlflffV1J 1I~'rl1J 11'tJl'i tI'W'Ylllfl111l1J'i\j'iW ils ~1l1W 65-70 ttJV'i t9f'W 11 llfll'W 1'11'W nu'11-:1 

I .1 0'0 o'..g "" !II I "" d w 0'
innrrn 32 tunst9f'W11 9f-:l1111l1ll11'i! 1'W ff'W fIltflll11mCl~m'l11'i tI'I1-:1')1'l11 'tJ1'i tI'W'rl'W1!'I1llV'W'YlV-:I 

j} dlY : IV 'j}~~ 'IV QI~~ 1Yd l.e:t.d IV

1I~11 V-:I 11fIl'i VtlCl~'W1'11'W nu'I1-:1'\.1'W 11 umnu 32 fI-:I'W'W 11-:1 Ufffl-:l 'I1t'l1 'W 11'tJl'i tI'W n 'i ~fl1J tJ 'i ~ uuu 65

.1 0'0 0' d d d "'!II d ""... ~ d ","'!II
70 1u as19f'W 11 mins f1'Yl1l~lfl1Jtfltl1I flUCl~1l'iff'll'l11'11 Cl-:lfll'i tlfltlJ'W'Yl ueu 'i1J lfl 

. ~ ~ 

tI<:I tI.~ 0 <:I"".! .Si '" <:I
m11 "lfJUU "l~1JnnWU1ftUl1~lC:UU"l~U1J~'U8~lU8'Jl1fJU 

" " 1'W fll'i 'I11tJ~u uulJ1111Cl~ ~hCJftl Cl~ Uil-:l'\.l V-:I IUV'Ylt~ tI'W 1~fi 1fll'i 'Yl fIeeuI fIurn 'i• 
lJ 1~1tl~1-:1 HCl 'YllitI'W ~ij'\.l'W 1f1t1Cl~ mtl'l1 li'-:lflVfl1J1'W1fl~tfltl-:ln1J HCl ~ ~flt9f'W t9ftl{11111 'i 111 ffV1J ~-:I 

" " 
1'W fll'i'l11tJ~1llW lJ 111 1ft1~hCJftm~uil-:l 1'WtUV'tJ11 tI'W 1I~fi1fll'i V'1-:1 fl-:l 11 111'i!1'W '\.I V-:lfll'i~fI fl~'W tlff-:l 

" " '\.I tl-:lms Cl~ Cl1t1flCl I flff 'I1li'-:I 1I1flU'W 1~fi1fl1'i 'YlflffV1J'I11tJ~1llWH il-:l UCl~ lJ111 1Cl~ ~hCJf~1t111i DNS
~ 

" " method 1I~'rl1J11t1~1llWUil-:l'\.lV-:lIUV'YlI~tI'Wijfl1V~1'W')h-:l4.8-13.2 ItlV{I~'W~ ff1'WlJ1111Cl~~hCJfij. 
I '1 ' ... 1 rI d rI.ek 'j} 

~

~ IV rI ... I~ _~ dQI Q,I 

fl1V~ 'W')I'1-:1 0.02-0.84 luV'iI9f'W11 9f-:lffVflflClV-:lfl1J-:l1'W111t1'\.1V-:lflCltl (2540) u'i1llWIIU-:l1l~1l 

• " "..g " 
u 'W1 i 1!1l1'Yi1l;i'W Hflf1''Wn1J t1~ 1llW lJ 1111Cl~~bCJf 9f-:lij fl11!mJ1llfl ~-:I,r'W t1~1llWUil-:l~-:lm1l 1I~11j'W 

. . " 
il1l~tlii ij HCl~ ermIil~ tI'W u tICl-:lfJ Wffllli~fl1 til 'W '\.I V-:I 'tJ11tI'W 1llflfl11t1~ 1llWlJ1111Cl~~1 CJf 
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1.2 

l y = 0.17lx - 0.036 

Rl = 0.984
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fIl~ 48 tJ~1J1w'll1W11~~~hCJflWl'dtl'Yll~tI'l.J'i11~fl'lJmllJ'lJ~'lJ1W~1~ '1.� ~ 

'illflflU1~~11~fll~flWl~fl'IJtl~'YlI~tI'I..j~tlW'l1f1iJ 20, 30 ll~~ 40 tl~ffWlf~l~tI'ff 'il~'W'lJ';h~l. . ~ 

dielectric constant (E ') ii~ltlci'h.j'lh~ 43.1-64.4 i~tlijll'l.ni 14'lJ~~~~lrltlflJllJ'lJ ~'lJ1 W'lJtl~'YlI~. uu 
~ ~ 

~~ di 19J g) oQ ~ I ~IV I 

l'WlJ'IJ'l..J C1f~ll'l..JJ !'l..JlJ'il~'fftl~fl~tl~fl'lJtJ1lJ1WflJllJ'll''l..J 'ffJ'l..Jfl1 dielectric loss (E") 14.6-17.4 urns 

ItJ~ uu IItJ~ ~~~tl'l..J oU' Nfl ~~ ~~ 11J'l..J iJ 'il ~ tI~ijfl'Yl~'W{114' tltlfl':h~ 1 dielectric constant II'ff~~il~ 1 

dielectric constant I'tl'l..JiJ'il~tI~ijflJllJfflJ¥r'l..J£n'lJtJ~1J1WflJllJ~'l..J1J1flflil~ldielectric loss clt~ 
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('tJ) 

I .c:::::t .:::t <V ~ ~ I Gt 
ill'Vt 49 ftl 0) dielectric constant une 'tJ) dielectric loss 'tJfl'l'Vl!'HJ'U'Vl'i::;~),Ufl11lJ'U'i'U'itu\9lN "1 ~'U. ~ 

d 'JJ ~I mnnuueun U 'Y'l.fY. 2551 
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"l~~'UfllUJ'U"l'\l"lW(%) 

("ll) 

fIl'Vt 50 fil n) dielectric constant Ull~ "ll) dielectric loss "llfl~'VJ!1t1'U~1~~tJfl11lJtJ~\! ':H.u~1~ "l I'U 

d 'j) -='1
fll1!fltJ"llfl'1q!1l lJ 'V'l.rY. 2552 
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, 

o 50 60 65% 70 80 90 
u _, 

1ZilllfllU'll1ll1il1 ("!o) 

>J 

ffU~ fI ~U 'l fi 1JtJ~1J1W U1m C'l ~ ~1 eU UC'l ~ f-lf) fr'Ufi 1JtJ~1J1W Uil 'l ffTW ~ 1 dielectric constant ij 
>J 

U'U 1 1,j'llC'l ~M ~l11tJ~1J1W fI 11 11 <M'U 1~ flll~ f-lf) fr'U 'lJU'lfh~U1Jff'U U'ltCJ1'UtCJ1U{ff111 rmuff~'l ~'lfU• 
>J 

m1111J~\!'iW'lJU'll'Jt~fl'UtJ'i~1J1W 65-70 ttJU{t~'U1Pi' 'U Uf)1I1f)U'U ~~ f-lf)fr'U ~'lf)ci11f-lC'l'YJt~ fl'U V'lij~l 
: IV 91 I d'd d'evrt jiG ~I ,: 

'U I'll unuuunnrm 32 ttJm tCJ1'U9I ~ 'l'U'U 1I1f)f-lC'lf11'i'YI~ffU1JU ff~ 'l'lm'l1'U11tJ'ill1W f11111'lf'UUC'l~ 
: IV v ':.cs ~ IV.doCS " ~ ~ ,:

'U I'll 'U nu'11 'l'IJ U'l t'U U'YJ t'i uu tu 'U 111111 enu f-lC'l9lUfIl dielectric constant CJ1'ltJ 'i1J1W fI 11 11 'l1'U UC'l ~ 

JI'll U nuM'l~ 'l t~ 'U 1111 ~fl~ ij f-lC'l1Pi Ufl11111J~ 1J'i W'IJ U'l 'YI t~ fl'U ~'l '1111 1flfl 111111 trl U'YI t~ fl'U ij fI 1111... . 
.<I:::l. d' 91 I J d' d d'.cs _"I ~ ~ d ,: 0 CiI 'j/d I 

1J'i\!'iW'UUflf)1170 n U'itCJ1'U~ lI~llf11'iff~ffllUlJ'lt'Wllll1f)'IJ'U UC'l~llfl1111'l1'UC'l~C'l'lm ~'I111fll 
jJ I jI , 
o IV 91.o=::::....c:9 0Gl9l1 ~ do do .<::::\ tI I 

'U1'11 'Uf)U'I1 'l t'W 1l'IJ 'U 'YI1 t'I1fIl dielectric constant C'l~ C'l 'l &11 U'YJ& 'i fl'U 11 f11111 1J'i \! 'i W1J1f)f)11 70 

_I .. d.. "" ~ _~ • IIJ =" : II I 

ruU'i tCJ1'U 91 m 1I11~1l rm ttJ neuulJ'l1J 1'lff1'U ~ tJ& lJ'U'U 1911C'l UC'l ~ff 'l f-lC'l9lU fIl dielectric constant 
>J 

~'lU'U~ 11~ flt~f)91~f)~ 'lijfl1111 ffll~'U 1i'fi1JflW ffll'jj9'lm 'lf11flfll'W -&f1ij'IJU'l'YI&~ uu11 1f)f)11 ~ 1f11'i 
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~fl1Jff'l.HI-:JlC)f'U1C)ffl{fl~'U L1.1 1ml1~ l~t1~~l~fl1Jff'Ufl-:JlC)f'UlC)ffl{fl~'U L1.11ml1~ff11JlHlllff~-:J 

~')fi1 fl111.11J71J':i W'IJ fl-:J'Vll~ t1'U ~':i~t1~~ 1-:J.... lnnT'U V-:J Lliff11Jl':itlff':itJL~'hijfl11mY1.1~'U1rtl 1J~1 cu q I q 

tJ71.1 HU J nuTflluf -:J u ~-:J J1~ H1~ ~hClfll(;1 ~ fhL~ ~lt~ n~7 n 'IJ fl-:J 'Vll~ t1'U 1 ~ t1~ H 1,iflH 1n• 
fl 111.1ff1.1~'U nl'11 ~ 1,1'UV-:J IIff~-:J~(;1fffl~fl~fl -:Jtl1J~ l~fl1Jff'U fl-:J'IJ fl-:JlC)f'UlC)ffl{fl~'U L1.11m 11~ 

1 'U rn ':i '111 ~')fi1 fl111.11J71J ':i W'IJ fl -:J 'Vll~ t1'U '11 ~ -:J 111 n~ L~ ~':i 111 neu ~ 1~ au ff'Ufl-:J.. .� 
lC)f'UlC)ffl{fl~'U L1.11mn~ ff1.1tr~'Vl1-:Jfi1t1fl1'VHflijU(;1~~lL~ijl~n~7n ~1J'h~lfi1':i~fl1Jff'Ufl-:J 

lC)f'U1C)ffl{fl~'U L1.1 1m 11~ ff11.1 1':iouff~ -:J ':i ~ ~1J m11.11J7\l ':iW~l '111.1 1~ rru L$I ll~ Lli L~ijfl 111.1 ff1.1~'U n 

1 ~t1~':i -:Jtl1Jmu ff1.1tr~m-:Jfi1t1fl1~-lflij'IJ fl-:J'Vll~ t1'U 1 'U 'lJW~ l~t11tl'U ~ 1L~ijl~n~7 nijfl 111.1ff1.1~'Un 

. '" 
tl1JflWff1.1tr~m-:Jmtlfl1~-lflij'IJfl-:J'Vll~t1'U 1Jlnn11~1fi1':i~fl1Jff'Ufl-:JlC)f'UlC)ffl{fl~'U L1.11m 11~ ~-:Jir'U 

1~fll1:l'Unn'l11fl111.1ff1.1'W'Un~-:Jn~11~,:jL~1~m':i1lm1~,.rfl111.1ff1.1~'Un~1t111jff'l1ff1.1'W'Unll(;1~n1':i 

I , tI Q,I 

1I1n~ i:'l n n 'Vl~ fffl1J~ 1J11 fl1fi1':i ~ nu ff'Ufl-:J 1C)f'U lC)ffl':i ff11.1 1':i tl ':i ~ 1J':i ~ ~1Jfl 1 11.1• 
1J7 \l ':i wL~ 1 ~ t1111 fI ~ i:'ln n 'Vl ~ fffl1J11 ~~ 1J11~ 1fi1':i~ auff'Ufl -:J 11 ~ ijfl1 11.1 ff1.1'W'U nl1:l 'U 111J1Jl~-:J 1ff'U 

Uti-:Jl1:l'U 2 'lf1-:Jf;fl GJf1-:JU':im1:l'U':i~~1Jfl111.11J71J':iWU'fltln11 70 ltJfl{l~'U~ lli:'l~"lf1-:J~fffl-:Jl~'U':i~~1J.. 
" 'JI 'JI , 

~,:ju~ 70 1tJfl{l~'U ~ U~1I1f1~i:'lm':i'Vl~fffl1J't1-:Jfffl-:JCJ1111~ij~lm':i~fl1Jff'U fl-:JlC)f'UlC)ffl{nll~n~ l-:Jtl'U 

1~t11'U~i:'lfi1':i'Vl~fffl1J1l ~.ff. 2552 1I~ij~lff-:Jn11~i:'lfi1':i'Vl~fffl1J1l~.ff. 2551 ~-:J~fl-:Jijnn'l11.. . '" '" 
rhl~~tI'IJfl-:J~i:'lm':i'Vl~fffl1J't1-:Jfffl-:Jfli'-:J 1~t11~~i:'lm':i'Vl~fffl1J1 'Ull ~.ff. 2551 l~'U1Jl~':i~I1'U'lums 

1lm1~,.r l,ifl-:J1I1n~i:'l~-:Jn~11ijfl111.1fffl~fl~fl,:jtl1J-:J1'U1~tI'IJfl-:J 11.1Lml ll(;1~flW~ (2551) lI~L${ 
QI QI tI QI 

m11.1ff1.1~'U1i ~-:Jfl1~ 52 
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0.625 

0.620� 

..~ 0.615� 
1i" 
~ 
1i" 0.610;; 
~ 

6 0.605 +- -• -• 
• 
- " •

• • 
•• 

~ 
(;;: 

;:l 

• •••
-~ 0.600 F--"--=-------

• 'If'N111 
0.595 - - - - --- - - +-- - -_._ - -

• 'lfl~l1 2 

o 

o 50 60 70 80 90 100 

.. . 
~~-U'U It..!tl1'.i ffrreuuu~l"u~!'vhl'Vil'U ltl'.i ~ ~'lJ fl l 1 lJ 'lJ ~ 'lJ '.i cl''\JU~ <VH~ t1'U (Y) hw" . 

'1~fl'JllJfflJVl''U,rtl'lJfh~U'lJff'UU~I9l''U I9l'U{ (X) ll~U'l..i~tl1'.iilml~,1UUtllrJ'U 2 'lh~ ~~~l'.il~ 6 

, 
2 

'lf1~fl1UJ'U~\!·H;U, "". iJtJ'l.hdJfliifll~~~~'U11l (R ) 

Y = -774 .133X+530.525 0.691 

• . 1 ,( d ,(�
1J1f1f111 70 IlJU '.i!9l''U~ Y = 1115.222X-599.848 0.626� 
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95 •75 

y ~ -774 .lx + 530.6 90 

•• R'~0.691 y ~ 1115.x . 600.2 

70 

~a.. 85 • 
;:l" R' ~ 0.626 • • a;; 80 
~ 
~ 75

•• • ... )~ • •• 

• 
~ 70� 

45 65� 

o 
< 
- t~---r----,------r--- o t At--r-- --,--- ----,- -. 

o 0.600 0.610 0.620 0.630 o 0.605 0.610 0.615 0.620 
, < , , 

flWltltHT'lHl_3I'll'\.lI'IJtl' fl1~mH\''\.Itl_3I'IJ'\.II'lJtl~ 

n ~ 

iIll't 53 fll1lJ'iXlJ~'t..!1j'i~'YY ,.:h~fiWlf)'lJj;f'l.H)~tC)f\.JtC)Hl{fl~'W "h.J 1m nvJtH'l~'i ~~'lJfll1lJ'lJj\!'i ill 
, , 

'lfl~fi I e» ll~~'lfl~fi 2 (~) 

.. , 

11 1n N~ n 1 'i 'VI rl j;f f) 'lJ'Vi 'lJi l,j j lJ 1 ill fll1lJ ~ 'W t11 'W tl 11 >ij tIfi iJ N~ I9i f) fi 1 dielectric 

.& I ~ : IV 'j).c:1 IV Q.I ~ Q.I ~ tI .c:1.& Cl ~ 
constant CJf~mfll1lJ'lf'Wll~~'Wl'YY'WnU 'YY ~lJf111lJ j;flJ'Vi'W 1inumunm» ill~ f)~'VIt 'i tI'W CJf~'YYlJ ltltl ~tlJ f)'" . 

d d ~ a'~ , tI d tI.:::1 _94 ~ J .c:1 ~ 
'VIt'i tI'WlJfll1lJ'lJ'i ur ill'Weurrn 70 nl O'i tCJf'W (PI 1I~lJ ms j;f~j;flJU1NI'VilJlJ1n~'W ll~~ lJfll1lJ'lf'W ~rl ~ ~ . '" 

o ~ 'j).c:1 I: Q.I 31 ~ ~ 0 'jJ, ~ .c:1.c:1 .::ll tI , 
'VIl b'YYlJm'Wl'YY'Wmm~t'VilJ~'W 'VI11'YYfll dielectric constant ~rl~~ tlJO'VIt'itl'WlJfl11lJ'lJ'i'lJ'iilllJlnn11. '" 

tI d tI d .d _~ I 111 ?I : 'I , 

70 t,jmtCJf'W(PI m1l1l~lJnlmJM'WUIJ~'lJ1~j;f1'W l,jtIJ'W'Wl(PI1~ tH'l~j;f~N~(PIOm dielectric constant 
.. 

~~tT'W 1urns1tm 1~11'YY lfll1lJ 'iXlJ~'W£~ 0 ~fi 1irl~t~n(PI jn (Y) tl'lJ j;flJ,j~'Vl1 ~ 
.c:1 .& v ~ ~ : QJ v c:. a. ': d~ tI 

nltlfll'Vi-tfllJ CJf~,j 'i~ n O'lJrllti il 'ilJl illfll1lJ'lf'W 'W 1'YY'W mm ~ il 'ilJlillllll ~ll~ ~,j'i lJlill 'W 1(PI1~ 'i rllCJf 

I1J 3J'" 
11:;: !rlrl~(PIl'iN 7 
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j/ •� 

tJ7ll lWf111ll;1'U t~ i1tI Y = 1.317X-41.372 0.945� 
'j/ • 
o Q,I 3J do 

'Ul'H'UfH IlHt~ rltl Y = -0.806X+78.639 0.976� 

tJ71Jlwuil~t~~tI Y = 18.878X+46.528 0.822� 
'j/ • 

tJ71Jlw'Ih\911rl7~hCl1I~i1t1 Y = -2.521X+71.623 0.744 

'j/ 

'illfl\91l'J1~ 'il::~ u lui 1'l\91 flt~ fl\917 fl 'il::ij f11III ffll Vi'U.fin u tJ7ll lW tAmirfl u..r~ II lfl 
• 'j/ 'j/ 

li~\91 'H)~rl~1Jl~U tJ71JlWfl11ll;1'U tJ71Jlwuil~url::tJ71JlWtAl\9llrl7~'hCl1\911ll,:h~lJ
2 

i\91t1ijtil R 

t'vhnlJ 0.976, 0.945, 0.822 Url:: 0.744 \911lll!h~lJ 

I 
Q"f Q"f f! " f! 4 :uJ t' ... .tu CUCl .cI.cI 

fl1UnnJ'rtUfi1::'t'i1HfllV16U tTU6.:.1ACVUACJf61 flau ! lJ ~ fl 1A1TtnutTlJUVIfIH flU.lill'rt-AfllJ'U6.:.1 fJ A1rJU 

'14I .c:.. c:I' .c:..ueem!\9l6Aafl\9l1fl 

I~U~ 'illfl 'l'U~:: 'H11~ mr t'il7U1't1 U~ 'VI t7 tI'U'il::ij rm Iil~ tI'UUil rl~ ffll,j~'VI1~ fllt1.fll~" . 
do ~ d. QI QI tlQ,I I lI( .e:, d .e:, lit d. QI lit 3J d , , 

lm::lflll C]f~llfl11llrl'll~'U1ifllJfIl t\91Umfl\91~fl t'U'tIW::t\91t11fl'U 'illfl~rlfll~'VI\91ffUlJUff~~ t'Hl'H'U 11f1l 
• • 'j/ 

fllH1UlJff'U U~ tC]f'UtC]fUi'f1~'U'llI m n~ijfll~ ttJi1 tI'UUtJrl~~1t1t'l1'Un'U ~~ir'U 'illflfll'Jitm 1::..1 

f111llffllVi'U .fi~::'H 11~ti 1\91 UlJ ff'UU~ 1C]f'U tC]fUi'f1~'U'll I mn~ (Y) nlJ ffll,j~'VIHflltl.fll~-lflij'tlU~ 

l'Jt7 tI'UUrl::til '~~h~fl\917fl'il::'~~~\91l'JH~ 8 

d 

ti'lJ'lh::aflfifll1g)\9lau19 (R
z
) 

j/ • 

tJ71JlWfl11ll~'Ut~ i1t1 Y = 0.001X+0.537 0.375 
'j/ 
o QI 3J 

• 
d. 

'Ul'H'UflU'H~t~ rltl Y = -0.001X+0.634 0.423 

tJ71Jlwuil~m~tI Y = 0.02X+0.606 0.566 
'j/ • 

tJ71JlW tAl\911rl7 ~bCl1m i1tI Y = -0.003X+0.633 0.559 

til dielectric constant Y = 0.001X+0.571 0.388 
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, , .. ... 111 'i _.I 111 '111 ~'" 
~lfl~l'.iH~~'rl'U11f1lfH)'Uff'lH)~!C)f'\.J!C1H)'.iflel'W 11J IfI'.inTtU1~~~ 11J Ifl1J 

~ ~ ~ 

f1111Jifmi'W 'li'timJ'i1JlWfl111J;f'W U111 UflUM'~ ,j'i1JlWutl~Uel~,j'i1JlW U1~ 1el~~hCJ11 'W t;lfl'l:lW~I"~ 

!tV'W ~~111J 1fJil~ri 1ff1J,j~ 'VI H fll fJfl1'rl-!f1 iju 1~!r! 'W 11 ~ ~fJ~ i,ji~ij Hell9l mi1fl1'.i~ U'U rru U~ !C)f'W!C)fu1 

1 flfJ~H ~~'th 1M'i~fhif1J,j'.i ~ff'VIifll'.il91f1ff'W 1 ~~riU'W~l~~ 1 lf1fJri 1fll'.i ~ U'Uff'W U~!C)f'W!C)fU1 ~~ ij . ~ ~ 

f1111Jifmi'W'Ii'ti'U,j'i1Jlwuil~1Jlflnfffl Uel~,j'i1JlWU1~lel~~1CJ1 U111UflllM'~ ri1 dielectric constant 
q 

~ 

llel~,j'i1JlWfl111J;f'W ~11Jii1~'U lf1fJijri1 R
2 

rvhti'U 0.566,0.559,0.423, 0.388 Uel~ 0.375 

m1Jii1~'U 

<:I 0rmeeinnnuU'lJ'lHlliUl.:J 

do 0 a 0 QI ~ tI I 

msnrnn'VI fJ'UU 'U'U ~ 1elU~!'rlU 'VI1'W 1fJ'.i ~fI'Ufl111J'U '.i \! '.i W~ 1flfl1fll'.i ~ U'U nuU~ 

!C)f'W!C)fu1f1~'W i1J 1 fI'.i nvJ ~~!,j~fJ'U!nfJ'U'.i~~'Ufl111J'U'i'U'.iW~lflll'U'U~ 1elU~~ 1flfll'rl 55 1flfJl '*ri 1 ... 
tI c1d.. d ddQ,l d. 

rm~ U'Uff'W U~! C)f'WlC)fU',i ~ 1fllC)f'W!C)fU',i'VI Ul'Wmrnr~ U'Uff'W U~~ 1fl Hel'VI!'.i fJ'W 'VI1J elfl'l:l W~ HelUel~1J U1fJ 
q q 

, 11 I' 
1fl~! fifJ~ ti'U HelYi ~fll91~! C)f'W! C)fU 1 U11Jl~ 1'W ri1fll'.i ~ U'U ff'W U~! C)f'W!C)fu1f1~'W i1J 1 fI '.i nvJ ri U'W Yi ~ ~ 

U1'lil fffl'l:llfll'.i! ,j~fJ'WU,jel~ ff1J ,j~'VI H fllfJfl1'rl-!f11J IIel~ri 1ifl fl!~ fl~ 'i fl ~~ !C)f'W!C)fU 1 ~ 1'* 
1 I )I I 

~ '.i1 ~ ffU'U~ ~! r! 'W!C)f'W!C)fu1Yi ij t;lfl'l:l W~! ~ fJ1ti'U!C)f'W!C)fU1 Yi ~fll91 ~ ti'U Hel 'VJ!~ fJ'W Yi U~'U 'W ~'W 

. ~ rnu 'U'U ~ 1elU~ff11J rsnu,j~,f1~fll'.i Vi 1'W1fJUUfllr!'W 2 ,f1~ 1 flfJVi ~l'.iW 1~ 1flHel 

fll'.i!m fJ'U! nfJ'Uff1J,j~ 'Vll~ fllfJfll'rl-lflij ~~ 'VI!~ fJ'W ~ ~1Jfll'.i!,j ~ fJ'W uil el~~fI! ~'W ~~ fll'rl 46 ,j'.i ~ 1J1W .. q 

~ 

1'W Yi 106 1'W11t;l~flUfl'lJl'W!Vlu1,*!r!'W ~flHfl~'W 1'Wfll'.iu,j~'lh~fll'.iVi1'W 1fJ ~~U'W~~1l,j~fll'.i'VI1'W 
q 

ffU'U!r!'W 2 ,f1~~U ri1fll'.i~U'Uff'WU~1'W1'W~liu'W1'W~ 1061'W11t;l~flUfl'U1'W Uel~11t;l~~lfl1'W~ 106 

1'W11 t;l~ fIUfl'U1'W 1fIfJ Helri1mr~ U'U nuU~ IC)f'W!C)fU1~ 'l~~ 1flHel~ 1Jt;lfl'l:l W~ H'1U'1~1J U1fJ 
q 
Hm'Vi 1ti'U 

1)1 I , , 

H'1Yi ~ fll91~! C)f'W !C)fU1 fI~'W 'l1J1 fI '.i!1vJ'U'W ~ 'W ~ ~ij ri 1YiU~fll9l Hti'Uri1H'1rns ~ U'U ff'W U~ Yi i~ ~ 1fl H'1 

'VJ!~ fJ'W~U~'U'W ~'W ~ U1Jri1~~ ~fl'hul9liju 'W 11'l!1J'Im~ri1fll'.i~U'Uff'WU~!C)f'W!C)fU1~ffUflfI~U~ti'W ~~ 

~u~,j i''U!YifJ'U Hel~ i~1 flfJ1oU'H'1~ i~~ 1fllC)f'W !C)fU1 ~ ~fI ti'UHel'U'W ~'W! r!'W 1J1~ '.i! 1'W 1'W fll'.i,ji''U!YifJ'U 

~~ ~~~ u~,j i'inYi fJ'UH '1~ i~~ 1flfl1'.i'VIflnau ~~ l11JfI 11 t;l~~ 1flJ'W ~~U 1ri rms ~ U'U ff'W U~ ~ i ~i,j 

rl1'W 1W 111 '.i~~'Ufl111J'U'i'U '.iW~lflU 'U'U ~1 '1U~~~fll'rl 53 ~~ i~H'1fll'.i1!fl'.i1~Mf1111J ifmi'W 'Ii' ~~ ... 

fll'rl 54 



71 

100 

70 

90 

80 
R2 = 0.914 

y = l.369x - 24.75 / 

60 ./.
-t----y-:-----;T"'-+- ------.--- - - - - -

o 50 60 70 80 90 100 
QJ '" C

':i::~Ufl11lJU':i \!':i tlHllflms 'VI~ rHlU 

~ 1nmnLJ'1 tI'IJ111 tI'IJfill u-alJ'W'W -Bl" ~ 11 '11'1l" ~ ~'IJfllllJ 'IJ ~\! l" W~ 1~~ 1nms 

'Yl~L1'tl'IJn'IJf11l"l1l'Wlt1 'W'IJ'1l11'IJ'IJ~l'ltl'l~~l R
2 

rVlln'IJ 0.914 ~'1IIL1'~'1hrlt1'W'1l~1f11l"Vltl'IJL1''Wtl'l 
0' "j Ii] i 0.1 ... ea 0' d... 0' d ... 

19i'Wl9itl HI 'l'W!lJ m ITv'l miruuu L1'~'1 l" ~~ umunn 'IJ1" ill 'Utl'l'Ylll" t1'W'W'W 'li'11lJ eu 'Yl tl'l'Yll" ~ ~'IJ 50. . 
~d tlcv:: . 0 

~ 

<J/d .<::loI tI 
90 ILJ m 19i'WVl ~'1'W 'W ~ rnmrmu L1'tl'IJfllllJUlJ'WtllUL1'~'1111m'WllL1'l:ull" tlVll"l~ L1'tl urmuu l" \!l" ill 

1'Wm~'IJ1'Wml"l~'IJI~t1l~'l'YlI'1 t1'W i~t1ii'I9i'WI9itl{fI~'W llJ i mn~l~. 



.� 
.o::t unn s 

iJ1t1ua~,yaH;nHm'U~ 

\Ilflfll'ii lm 1~..1~W ms i~ tlffllll'i f1ff'.i ihls ~ l~ 'U't11fttlJ'IJ fl.:J ~H' rm i~tI ~ 111 
q U 

QJ d'~ J. Q, Q, d' l::i QJ 0' <t GJ" tI J.
1~ mls~ ff.:J fl fl fl l....oils~ III 'Ufl 1l111J ':i1J'.i W'IJ fl.:J VII '.itI'U....'U1i'H11 nuVI fl.:J !fl tI ! 'lH9fW9ffl '.ifl 't' 'U 

q cu q q 

111i fl'.i I1V'lll 't' ~ ffll 'U~ 1flUl~ fl~~fl '.i111il.:Jffflfj lfl1l11 ~lli'Un '.i~ 'Hil.:Jrllfll'.i ~ nurrufl.:J 'IJ fl.:J 

19f'U 19ffl{fl~'U 111i m nV'ltl1Jfll'.i ltJ~tI'UU1J't'.:JflWffll'U~'YIl.:Jflltlfll"" U't'~fl.:Jfi'tJ'.i~flfl1JVlHlflij'IJfl.:J 
.. q 

ruflVll~ tI'Ui'Un'H 11 nuVI fl.:J1'Ull~'t'~ '.i~~1Jmlll1J~1J'.i W 
q q OJ 

\llfl ~Wfll'.ii~umnls~dJ'U fl1l111J~1J'.i W'IJ fl.:JVll~ tI'Ui'Unnunu VI fl.:J~ 1t1l9f'U19ffl{ 
OJ q q . .. 

fli'i'U111i fl'.inV'lu't'~ffll'U~1flUl~fl~~fl 1~H't'fll'.iVlflfffl1J~.:JU 

1. rllfll'.i~fl1Jff'Ufl.:JI9f'UI9ffl{\I~ijfhmi1 'U'lid.:J 0.595-0.623 ifltlffllll'.im~1J 
OJ q 

., "".. "'.,.. 11) y"; .1 .. d .. .. ,"; 11) y I ~ 
'.i~fl1Jfl1l111J'.i1J'.iW'lJfl.:JVlI'.itl'U""'U1i'Hllfl'UVltH !flVl'.i~tI~ 50-90 lufl'.il9f'U~ !fltlfllVl !flU1J.:JllJ'U 2 

OJ q q 

'li1.:J ifltl\lflHflfr'Uffllll'.iflUfffl.:J'.i~~1Jfl1l111J~1J'.iWtJ'.i~1l1W 65-70 ltJfl{l~'U~ 
q OJ 

2. H't'lJl~tI'U~'.i~tI~tJ'.i~lllWl'U~ 103-1061'Umr.:Jflflfl1Jl'Uij'.i~~1Jfl1l111J~\!'.iW 
• 1 • I .. d.. y., I .. "j 11)" • .1 
u'.i~lllW 65-70 lUfl'.il9f'U~ ffflflfl't'fl.:Jfl1JH't'fllfll'.i~fl1Jff'Ufl.:Jl9f'Ul9ffl'.ifl't''U!ll !fl'.ilTn 

3. tJ~ll'lW fl1l114'U U't'~JlmrnuM'.:J l~'U il\l~tI~ijH't'~flfl1l111J~1J'.iW 'lJfl.:JVll~ tI'U
OJ q 

ua~ rll 1 fl Ul~ fl~ ~ flij fl 1 1 mYlli'Un tl1J fl Wrru 'U~ VI H fll ern.... -I fl ij'IJ fl.:J Vll~ tI'U111fl fl i 1rll fll '.i 
q q 

~fl1Jff'U fl.:J 19f'U 19ffl{fl ~'U 111i m nV'l i fltl~rll~fl1J ff'U fl.:J 19f'U 19ffl{fl ~'U 111i m nV'lffllll'.ifl Ufffl.:J 

Q,I,d Q. tI l::I d 1 

fl"ll''U fl1l111J'.i \!'.iW'IJ fl.:JlJl'.itI'UVI '.i~ tI~~l.:J "1 

4. U1J1J~l't'fl.:J 'lufllnll'U ltl'.i~~1Jfl1l111J~1J'.iW'lJfl.:JVll~tI'UI fltlrllfll'.i~fl1Jff'U fl.:J 
OJ q 

.. "j 11)" ••1 ,~ • "'., "" .. y • • 1 .. d.. w 
19f'Ul9ffl'.ifl't''U !ll !fl'.ilTn U1J.:JllJ'U 2 "ll'1.:Jflfl '.i~fl1Jfl1l111J'.i\l'.iW'Ufltlfl1l 70 lufl'.iI9f'U~ U't'~'.i~fl1J 
.. 

QJ I .... 1 tid o''C} ,dl 2 OQ.l 

~.:JU~ 70 lUfl'.iI9f'U~ !fltlllfll R 0.691 U't'~ 0.626 ~lllmfl1J 
.. , 

5. rll1 flUl~fl~~fl\l~ijmlllfflli'U n tl1JtJ~lllW thmrnuM'.:Jlllfll1fffl '.iij.:J 't'.:J lllflfl .. .. q 

tJ~ll1Wfl1l11;f'U tJ~lllwuij.:JU't'~tJ~lllWth~l't'~~:h91mll~l~1J ifltlijrll R 
2 

0.9760.945 0.822 

U't'~ 0.744 ~11l~1~1J 

6. Ti lfll'.i ~ eu ff'U fl.:J 19f'U 19ffl{\I~ ijfl 1111~lli'U n tl1JtJ~ll1W Uij.:Jlllfl~ fffl U't' ~ 
q .. .. .. 

tJ~lllWth~l't'~~h91 '1hmrflUM'.:J Til dielectric constant U't'~tJ~lllWfl1l11:M'U ~11l~1~1J ifltlijTil 
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R
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niln'IJ 0.566 0.559 0.423 0.388 U~~ 0.375 ~ndh~'IJ u~~"Ihhtl'U~mnJf'IJ':hijfl111Jff1J~'tni 

n'Ul~fl~H 
o 0 QI ..::::::t. c1.d. 1 2 I QI QI ~ cI 

7. U'IJ'lJ1I1~fl"l'Vll'Ulfl'.i~~'IJfl111J'IJ'.i'IJ·HU 1Jm R rmnu 0.914 fI"I'U'UtGJf'UtGJffl'.i ... 
dt IIJ 'l . .1 'l~ .. <I d ... <I IIJ~ 

fI ~'U 11J Iml1l1 ffl1J rsru'll'~'.i111fffl'IJfl111JU'.i 'IJ'.iW'\Jfl"l'YH'.i fl'U~'U 'ti'tI1Jeu'fIfl"l Ifl... . . 

1. 'fIl~ uu~t ~t 'Ums 'fIfineu 1J 11l1flff1'U '\J fl"ltfl'lol ~'.i m t'U 11. 'Um ff~ 'ti'.i'.i 1J '.i l'll'• 
>I • 

~"I,r'U~~n 1~ 11 lflfl l'.i 'fIfiffflUfllllU~fl~ 1"1111 fln'U ~l 'tIlfl't1 rmr 'fIflffflUn1J ff1'U 'fIt~ uu 'fIl"lrn fI. 
Go' dt d ~ d 'QI di.::i , .d t.d. I 

1Pl~1'U een l'U fl"l 11 rnu nu til fllff'fl UIPl fl~ ranu GJf "I1J ~J;l ~ flfl WfiWl '\Jfl"l'fll'.i uu 'Uon 11 lfl 'U 'U 'fIl'.i fl'UU~ 
qJ q q q 

~ Gljl ~GI d. j}QI 

J;l~fJ1Jfllfi m~J;l~J;l~ 1'U'.i~fl~I1J;l1'fl~1"lfl'Ufl1fl 

2. 'l'Ufll'.i l~flfl~~'fIl~ uu~iji:l'fl'lol W~ t fl~lfifl~nU~J;l ~91fltGJf'UlGJffl{~ It11'U ~fl~tIlfffl. 
~t ~fl1'll'ltlJ t 'U ms ~fll~nn '.i 11Jil~ 'VJ l~ uu~J;l ~~ fl~ 11 fllllll~ ij f1111J U~ fl~ 1"1 n'U liTfl~ 1I1fl~~~ ij m ~ 
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u 

ffl'.itllm'.i ttl'U~'U 

3. t'U fllnJ1tGJf'UlGJffl{hlt ~t 'U fll'.i~'.i1l1ffflU f11'.i J;lfl'\J'U lfl t M't~flJ;l~t~flff~f11fl 
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'rtf'!. 2551 'rtf'!. 2552 

OJ OJ 

l'\.fl'la.:lAtm 
OJ ... , 

'i :::A'Ui'l11tlm\l'H,),! , 
mms 

., .. 
D'l'\.JI'UU.:II'U'\.J 

, 
f11n1'i 

, ... 
D'l'\.U'UU.:II'U'\.J 

'I.J1'\.J (%) t11A'i§1'\.J 
A8'UD''\.J8.:1 t11A'i§1'\.J (SD) VI 8'UD''\.J8.:1 

(SD) 

91 48.57 0.6205 0.0101 

92 47.14 0.6219 0.0067 

93 48.57 0.6190 0.0072 

94 50.00 0.6227 0.0058 0.6803 0.0060 

95 51.43 0.6200 0.0068 0.6820 0.0066 

96 52.86 0.6051 0.0053 0.6794 0.0073 

97 54.29 0.6161 0.0048 0.6776 0.0113 

98 55.71 0.6095 0.0043 0.6818 0.0035 

99 57.14 0.6024 0.0028 0.6810 0.0034 

100 58.57 0.6267 0.0064 0.6833 0.0054 

101 60.00 0.6007 0.0038 0.6825 0.0058 

102 61.43 0.6151 0.0065 0.6745 0.0023 

103 62.86 0.6018 0.0052 0.6770 0.0047 

104 64.29 0.6166 0.0041 0.6808 0.0070 

105 65.71 0.6169 0.0053 0.6783 0.0030 

106 67.14 0.6371 0.0060 0.6812 0.0041 

107 68.57 0.5950 0.0075 0.6763 0.0066 

108 70.00 0.5927 0.0089 0.6797 0.0047 

109 71.43 0.6011 0.0082 0.6814 0.0038 

110 72.86 0.6022 0.0076 0.6807 0.0060 

111 74.29 0.6066 0.0065 0.6761 0.0122 

112 75.71 0.6140 0.0073 0.6809 0.0057 

113 77.14 0.5978 0.0081 0.6816 0.0060 
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.... .... .... ... 4 
ft.n.2551 ft.n. 2552 

l'U'I1iH~tln 'l:::~'l.Jfll11l'l.J'l'IJ'lW , , 
'I.Jl'U (%) 

mms 
SD 

fl 101'1 
SD 

Atl'I.Jff'Utl~ Atl'I.Jff'Utl~ 

114 78.57 0.6025 0.0020 0.6805 0.0036 

115 80.00 0.6058 0.0070 0.6816 0.0052 

116 81.43 0.6064 0.0067 0.6774 0.0046 

117 82.86 0.6075 0.0081 0.6791 0.0053 

118 84.29 0.5923 0.0961 0.6814 0.0047 

119 85.71 0.6161 0.0038 0.6782 0.0040 

120 87.14 0.6155 0.0087 0.6827 0.0064 

121 88.57 0.6158 0.0055 0.6807 0.0051 

122 90.00 0.6151 0.0037 0.6736 0.0095 
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m1HNUlfl 2 tJ~1Jltl!u{l,m~~uWll~i~hCJf'tlfl,mj-e)'VJI1t1'W 

... ... 
1'\·ftU'I-:J 

... 
':::~11.Jfl1 Ul .. 

'VU1.2551 
.. 

'VU1.2552 

~6fl1Jl'\.A 

.. J 

1J1\l'W (%) 
tM'JJlw'\.hma 

.... J SD tM'JJ1Wllil-:J (%) SD 
tM'JJ1WUUna 

.... J SD 
tM'JJ1 wllil-:J 

SD 
1mCJI (%) '~1CJ1  (%) (%) 

91 50 0.846 0.212 5.215 0.500 

94 54 0.414 0.118 5.254 0.300 0.686 0.021 5.714 8.330 

97 59 0.117 0.102 4.820 0.700 0.812 0.Q75 6.127 7.542 

100 63 0.131 0.096 7.697 0.892 0.525 0.083 7.741 14.733 

103 67 0.022 O.oI5 9.365 1.319 0.185 0.067 7.723 41.779 

106 71 0.051 0.037 9.444 1.170 0.117 0.039 6.817 58.388 

109 76 0.044 0.025 13.227 0.576 0.102 0.041 7.986 78.171 

112 80 0.051 0.037 11.690 1.115 0.088 0.015 7.789 88.950 

115 84 0.255 0.213 8.196 0.817 0.112 0.008 8.862 79.200 

118 89 0.197 0.148 9.405 1.375 0.088 0.021 8.406 96.000 

00 
N 
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g)11HN'J..Ilfl 3 tJ11J1Wfl111J'lfUHlI:::tJTI1Unu11'l'Ut1'HUtI'¥J!1[JU 

1::A'IJ 'VU'I.2551 'VU'I.2552 
1'W't'Ia'l .. .. 

tnUJ m1J1W U1't'1 un mmw m1J1W Ul't'1Un 
Atln 

.. J 
'IJ1\11W 

m1JUutnl1J;'W 
SD 

Jl 
tnl1J'V'W SD "ll't'l'l SD 

Jl 
tnl1J'V'W SD 

Jl 
tnl1J'V'W SD "ll't'l'l SD 

'I.Jl'W 
(%) 

ltlatln(%) Jl
l'Wtl(%) (%) ItlStln(%) (%) (%) 

91 50 80,97 0.53 78.06 5.30 21.94 5.30 

94 54 82,11 1.07 76.94 4.14 23.06 4.14 75.18 1.58 74.17 2.58 25.83 2.58 

97 59 79.37 0.74 68.02 5.95 31.98 5.95 73.05 3.24 70.84 2.25 29.16 2.25 

100 63 83.36 3,49 76.36 1.42 23.64 1.42 73.51 0.23 69,40 1.62 30.60 1.62 

103 67 78,97 0,55 65.52 4,48 34,48 4,48 73,43 0,41 61.75 1.55 38.25 1.55 

106 71 80,00 1.27 65.09 6.01 34.91 6.01 72.68 0.36 65.17 1.92 34.83 1.92 

109 76 78,20 0,63 63.07 1.85 36.93 1.85 72.52 0.75 59.12 2.34 40.88 2.34 

112 80 79,71 1.61 61.04 0.90 38.96 0.90 73.26 0.88 59,49 1.44 40.51 1.44 

115 84 76.20 0,40 62.89 6.28 37.11 6.28 73.53 0.63 60.64 1.38 39.36 1.38 

118 89 77,20 0.92 60.90 1.93 39.10 1.93 72.97 0.85 59.37 0.81 40.63 0.81 

\.>.) 
00 



., 
Al1HNUlfl 4 fh i~VI~fl~~fl'tltl,m1tl'YlljtJ'UiJ• 'rut 2551 

... ... 
lt!"HI'Ifien ... .. J 

'i:::flllfl1Ulm'I,J'iW 
..

20 tl'lf'lll"1llll"1llli:r 30 tl'l f'Il1ClH'I!;mf 40 tl'lf'lll"11t'l!;m:r 
..

20 tl'lf'lll"1llll"1llli:r 
..

30 tl'lf'lll"1llll"1llli:r 
..

40 tl'lf'lll"1llll"1llli:r 

lllt! (%) e' SD e" SD e' SD e" SD e' SD e" SD 

91 50 64.388 3,012 15.597 0.468 61.475 3,006 15,622 0.581 59,862 3,213 14,710 0,632 

94 54 60,040 3.313 16,553 0,117 55,768 2,268 16,166 0.378 56.405 2,002 15,005 0,349 

97 59 53.576 3,975 17.445 0.127 48,516 3.461 15,971 0.496 50.771 5.928 16.048 0,792 

100 63 58.929 0.486 16,905 0.571 55,605 0.756 16,104 0,651 55,107 1.591 15.811 0.261 

103 67 50.440 0.337 17.410 0.093 47.424 0.801 16.365 0.033 47.136 2.618 15.658 0.372 

106 71 53.162 5.506 16.997 0.969 48.659 5.372 16.088 0.859 47.935 2.823 15.041 0.555 

109 76 46.237 1.369 15.552 0.447 45.308 1.195 15.207 0.309 44.184 2.364 15.000 0.783 

112 80 46.377 2.099 16.186 0.864 45.348 1.820 15.641 0.653 43.599 1.594 15.050 0.799 

115 84 45.578 1.687 16.080 0.681 45.336 5.730 16.037 1.442 44.818 4.162 15.898 0.604 

118 89 46.584 2.901 15.735 1.067 43.053 2.914 15.379 0.679 44.617 1.174 14.643 0.562 

~  

00 



., 
\lIl'n~NUlfl 5 l'"hi~flt~f1~1f1'tJtl·mjtl'V1ijtJ'uil vUl'.2552• 

... ... 
'J'U't'la'l~t'lfl 

... ... , 
';j::~UfI'Jl"'U'nJ';jw 20 t'I'I1'I11"lllU';t1t'!' 

.. 
30 t'I'I1'I11"llal"lltlt'!' 

.. 
40 t'I'I1'I11"llal"lltlt'!' 20 t'I'I1'I11"llal';t1t'!' 30 t'I'I1'I11"llal';t1t'!' 

.. 
40 t'I'I1'I11"llal"lltlt'!' 

Ul'U (%) e' SD e" SD e' SD e" SD e' SD e" SD 

91 50 

94 54 63.301 0.846 16.265 0.312 59.281 2.267 16.359 0.431 57.283 0.596 16.292 0.766 

97 59 57.152 1.165 15.489 1.596 56.000 0.341 16.967 0.549 56.233 1.461 16.554 0.760 

100 63 55.077 0.358 16.053 1.475 54.105 0.589 16.366 1.443 52.687 1.952 15.544 1.224 

103 67 53.393 0.246 17.252 0.173 53.452 0.440 16.221 0.178 53.171 0.271 17.026 0.561 

106 71 52.499 1.472 16.462 1.025 51.428 0.875 14.977 1.157 51.170 2.741 17.020 0.483 

109 76 49.817 1.642 16.899 0.307 49.593 0.445 15.556 0.167 49.223 0.850 16.296 0.995 

112 80 48.537 1.142 15.480 0.170 50.377 1.524 15.829 0.105 47.960 0.176 15.195 1.225 

115 84 49.829 1.986 16.147 0.572 48.304 3.419 15.749 1.176 46.366 1.025 15.443 0.774 

118 89 48.448 2.481 16.027 0.531 48.569 0.619 15.602 0.376 45.202 0.838 14.640 0.242 

00 
VI 
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fhfl{)1Jff\H)~tG)$'WtG)${)1fl~'W l:u1fl) nvJ .. ..OJ OJ"" "" , )~~1Jfldl:U1J)1J)W )~~1Jfldl:U1J) \!)W ~lfl..I I OJ mneurns fll'l1"~fll) 

SD ~lflff:Ufll) fllnl~ff{)1J 

tl~mYi tJ1J t1~1Jti1tJ1J 

0.6634 0.6234 0.0062 47.94 50.00 

0.6562 0.6162 0.0159 53.51 54.29 

0.6608 0.6208 0.0235 49.94 58.57 

0.6532 0.6132 0.0080 55.82 62.86 

0.6405 0.6005 0.0042 69.80 67.14 

0.6380 0.5980 0.0069 67.08 71.43 

0.6460 0.6060 0.0077 76.00 75.71 

0.6637 0.6237 0.0067 95.67 80.00 

0.6590 0.6190 0.0059 90.52 84.29 

0.6630 0.6230 0.0052 94.91 88.57 
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Std. Error ofthe 
Model R R Square Adjusted R Square 

Estimate 

31 I 

'UtJtlf111 70 

1J .. G .. 
t tJ'H9f'Ull 

0.831 0.691 0.671 4.26907 

I 

1J1f1f111 70 

1J .. G .. 
t tJ'H9f'Ull 

0.791 0.626 0.597 4.55608 

Sum of 
Model df Mean Square F Sig. 

Squares 

31 I 

Regression 612.041 612.041 33.583 0.000 
'UtJtlf111 70 

1J .. G ..
t tJ'H9f'Ull 

Residual 273.374 15 18.225 

Total 885.415 16 

Regression 451.183 451.183 21.735 0.000 
I 

1Jlf1m170 

1J .. G ..t tJ'H9f'U~ 
Residual 269.853 13 20.758 

Total 721.035 14 
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Unstandardized Standardized 

Model Coefficients Coefficients Sig. 

B Std. Error Beta 
'j/ , 
'U~HJfl11 (Constant) 530.626 81.624 6.501 0.000 

I 

70 fI1~tJ1Jff'UtJ~ 

-774.133 133.585 -.831 -5.795 0.000tI ~ d ~ 
~ tJ'HCJt'U~ ~ CJt'U ~ CJttJ ':i 

~ 

I 

umrm (Constant) -599.848 146.032 -4.108 0.001 
, 

70 fI1~tJ1Jff'UtJ~ 

1115.222 239.209 0.791 4.662 0.000 
~tI ~ d ~ 

~ m~CJt'U~ ~CJt'U~CJttJ':i 

Std. Error of the 
Model R R Square Adjusted R Square 

Estimate 

tI~lllW 

"'l 
0.972 0.945 0.939 1.35667" tl111l"lf'U . w 'j/ "

'Ul'11'Um~'1H 0.988 0.976 0.973 0.90548 

tI~lllwui1~ 0.907 0.822 0.800 2.44710 

tI~lllW 0.863 0.744 0.712 2.93643 
~." "''''' 'Ul~lC1':i~1CJt 
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Sum of 
Model df Mean Square F Sig. 

Squares 

Regression 255.138 1 255.138 138.620 0.000 

tJ~:lJlW 
>I 

"'I Residual 14.724 8 1.841 
f1111J'lfU 

Total 269.862 9 

Regression 263.303 1 263.303 321.142 0.000 
>I 

0 ~ 71 
'Ull1'UtlUl1\1 Residual 6.559 8 0.820 

Total 269.862 9 

Regression 221.956 1 221.956 37.065 0.000 

tJ~:lJlWui1\1 Residual 47.906 8 5.988 

Total 269.862 9 

tJ~:lJlW Regression 200.882 1 200.882 23.297 0.001 
>I 

0 

'U1\911'l Residual 68.981 8 8.623 

"''''' .
'j~1C)f Total 269.862 9 
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Unstandardized Standardized 

Model Coefficients Coefficients Sig. 

B Std. Error Beta 

tJ~lllW 
(Constant) -41.372 7.931 -5.216 0.001 

" <!I 

mUJ'lfW 
tJ~lllW 

" <!I 
1.317 0.112 0.972 11.774 0.000 

fl'JUJ'lfW 

0 " '" umun (Constant) 78.639 1.521 51.704 0.000 
y 

U'Yi~ 
" 0 w y 

'W ll1 'W flll'Yi ~ -.806 0.045 -0.988 -17.920 0.000 

tJ~1I1W (Constant) 46.528 1.170 39.767 0.000 

utl~ tJ~lllWUtl~ 18.878 3.101 0.907 6.088 0.000 

tJ~lllW (Constant) 71.623 4.197 17.067 0.000 
0 " 
'W1~1" tJ~lllW 

".'" " " 0 ".'" " 
-2.521 0.522 -0.863 -4.827 0.001 

'j'~'J91 'W1~1"'j'~'J91 

9l11HNUlfl 13 Model Summary 'j':::'YI1Hrh~tJ'U~'WtJ~t91'Wt91tJ{fl~'W'1I1mldvJti'U~1I,j91'V1l~ 

flltlfllVHfl ij'IJtJ~l'J t~ uu tm:::rh'~flt~ fl~~ fl 

Adjusted R Std. Error of the 
Model R R Square 

Square Estimate 
ii 

tJ'" <!I'j'1I1Wfl'J111'1f'W 0.612 0.375 0.297 0.005838092 

"o '" Y
'W 1'Yi 'W nu'Yi ~ 0.651 0.423 0.351 0.005606710 

tJ~lllwutl~ 0.752 0.566 0.511 0.004866260 

" tJ~lllWth~l,,~~'heU 0.748 0.559 0.504 0.004902332 
I 

m dielectric 
0.623 0.388 0.311 0.005777873 

constant 
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Sum of 
Model df Mean Square F Sig. 

Squares 

Regression 0.000 0.000 4.794 0.060 
1J~1J1W 

" 4 Residual 0.000 8 0.000 
~111J'I1'U 

Total 0.000 9 

Regression 0.000 0.000 5.872 0.042 

" o ... 'JI 
'U 1'11 'U ru l'I1.:1 Residual 0.000 8 0.000 

Total 0.000 9 

Regression 0.000 0.000 10.414 0.012 

1J~1JlWuil.:l Residual 0.000 8 0.000 

Total 0.000 9 

1J~1JlW Regression 0.000 1 0.000 10.144 0.013 

" 
'Ulfll~ Residual 0.000 8 0.000 

"''''' <I 
~~1C)f Total 0.000 9 

I 

m Regression 0.000 0.000 5.062 0.055 

dielectric Residual 0.000 8 0.000 

constant Total 0.000 9 
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~1'1HN1nfl 15 'i~"'I':h~~wm'U ff'\.H),Htlf'U!CJ1fl1f1~'U illI fI'i l'J'yhl'U fflllJ~VIl~fmJfI1Vi-!f1ihm~'VJ!~ t1'U 

I 11] ~ d: .oQr, 

UCl~fIl !~fl!ClfWl'in 

Unstandardized Standardized 

Model Coefficients Coefficients Sig. 

B Std. Error Beta 

1J~lllW 
>I... 

f111ll'll''U 

>I. ... 
untun 

iI 
U'l1~ 

(Constant) 

1J~:IJlW 
>I... 

f111ll'll''U 

(Constant) 
>I. ... iI 

'Ul'l1'UnU'l1~ 

0.537 

0.001 

0.634 

-0.001 

0.034 

0.000 

0.009 

0.000 

0.612 

-0.651 

15.733 

2.190 

67.320 

-2.423 

0.000 

0.060 

0.000 

0.042 

1J~:IJlW (Constant) 0.606 0.002 260.443 0.000 

utl~ 1J~:IJlWutl~ 0.020 0.006 0.752 3.227 0.012 

1J~:IJlW 
>I. 

'UWIlCl 

."'<> 
'i~1CJ1 

(Constant) 

1J~:IJlW 
>I .. "'<>

'UWIlCl'i~ 1CJ1 

0.633 

-0.003 

0.007 

0.001 -0.748 

90.400 

-3.185 

0.000 

0.013 

I 

fIl 

dielectric 

constant 

(Constant) 
, 

f11 dielectric 

constant 

0.571 

0.001 

0.018 

0.000 0.623 

31.117 

2.250 

0.000 

0.055 
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.C\ tI .C\ : dc:.. oJ
fll~llfl~1~'I1,.h:lJlWU1\9l1"Hl1C}f (Reducing sugar as glucose, DNS-method) U,,~ 

" " uihI1UtUtl<VH~tlU \9ll:lJln'\Jtl-:l AOAC (1984) and Miller (1956) ijlnflnllfl~l~M~-:l9itlhIU-. ......... ...� 
1. lfifll1tfl1t1jJi:I'11UljJ 

~ ~ ~ ~.C\ ~ 
1.1 Zinc acetate solution: "~"ltl Zn (OAC) 26 rnu 1UUl umtJnJ1.h:lJl\9l~1'11 

Q,I : iJ Q,I 

1.2 Potassium ferrocyanide solution: "~"ltl K4Fe (CN) 6 6 nsu han U"ltJnJ 

tJ~:lJl\9l~1,rflnJ 100 iJ,,~~m 

" 1.3 Phosphotungstic acid solution: "~"ltl phosphotungstic acid 20 fli':lJ 1U1J1 

" U~ltJi'1JtJ~:lJl\9l~1,rflnJ 100 iJ"~~\9l~ ~lflUUmtl-:l~lt1m~\9lnjmtl-:l 

1.4 Dinitro salicylic acid reagent (DNS) 

Sodium hydroxide 10 fli':lJ9itl~\9l~ 

Potassium sodium tartrate 182 fli':lJ9itl~\9l~ 

Dinitro salicylic acid 2 fli':lJ9itl~\9l~ 

Phenol 2 fli':lJ9itl~\9l~ 

Sodium sulphite 0.5 fli':lJ9itl~m 

H20 1 ~\9l~ 

o ~ iI iI w ii' "" d iI ild 
Ulffn'VI-:l'l1:lJ\9l"~" ltlt'\Jl\9l1t1flUUm1ff1U '\J1\9l ff'Jl'l inu111U\9lWU... 

1.5 ffn"~r:tltlfl~ lf1ff:lJl\9l~ilU (Standard glucose solution) : "~r:tltlfl~ lf1ff 

" (A.R. grade) 1 fli':lJ 1Ulh U~ltJi'1JtJ~:lJlm1,rm1J1 ~\9l~ 

1.6 ffn"~r:tltlm\9l 1~ l\9l~f1"tl~fl (Hydrochloric acid solution) f111:lJt,r:lJ,rU 1.5 N 

1.7 ffn"~"ltllC}ft~tI:lJ1~\9l~tlfl 1C}f~t,r:lJ,rU 20 % : ,,~r:tltllC}ft~tI:lJ1~\9l~tlfl 'C}f~ 
" 200 fli':lJ 1U\hU~ltJi'1JtJ~:lJl\9l~1,rm1J 1 ~\9l~ 
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>I 

+ ill 100 

+ Zn (OAC) 2 5 

+K4Fe(CN)6 5 

D� 

D� 

D� 

>I 

+ tJl 200 

+ Zn(OAC)2 

(CN)6+ K4Fe 

D� 
>I >I >I 

t1J~ltrJ'U~i',:jm11 ~,:ji1,:j'~ 10 'Uln 

D� 

D� 
I I 

~hul~ 
I 

~1'U~~m)'U 

>I 

('t111l~:IJlWtJl~1"1~bci') ('t111l~:IJlWutl·n 
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D� 
'!J i''IJ '!J~ 1Jlfl'HI 'U m 'IJ 250 

iJ~ililfl'j 

D 
ih'!Jfllll I iJ~ililfl'j + DNS 4 

D 
Y 'l ° ..flll 'U water bath 90 C 'Ul'U 30 urn 

D 
'!J i' 'IJ '!J~ 1Jlfl'j 'l,r1\'j 'IJ 100 iJ~ ililfl'j ~l,:j 

Y : ~ Y ° 'l Yd I d 
~1t1'Ulfl~'U U~1'Vll l1W'U tltlH'j1~t'j1 

D 
1~fh OD ~ A = 575 'Ul1'Ut:lJfl'j 

D 

D� 
~'U HCL 1.5 N (70°C) ~1'U1'U 90 

" iJ~ililfl'j mJu1'l'U 2 fli',:j fltl 
Q,I" do. ~ .oC:::lo. ~~ 

flH'Vl I : 'j'U HCL 1.5 N 40 lJ~~~fl'j 

~:L=1 , 'J/ 
~,:j'IJ'Um~~nlmtl,:j'VllJfl~fltl'UtitI (~l,:j 

'U 

fl~fltl'Utltlfl~lflm~~nlmtJ,:j 'ltl'l 'U flask) 
QI" d..� olC:k ~ ~..c:::il. 

flH'Vl 2 : 'j'U HCL 1.5 N 50 ll~~~fl'j 

D 
Y 'l� ..fllJ 'U� water bath 90 tI,:jffWlf~tC)ftlff 

~1 .. Y 0'lYd'Ul'U I 'il'1 lJ,:j 30 urn U~1'Vll 'l'Ittl'U 
I� d 

tltIl,:j'j1~t'j1 

D� 
'!Ji''IJff.fll~'l,rt1'l'U~H 1~t1'l~ NaOH 

20% '!J~1JlW25 iJ~ililfl'j 

D� 

" (m~ I tl1'U + \h 2 tl1'U) 

D 

(volumetric flask) 'tI'Ul~ 250 

D 
'J/ d 'JJ 
~H'tI1~ flask n hydrolyse ~1t1 

Phosphotungstic acid 15 iJ~ililfl'j 

D� 
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D 
. 191 91 '" '"" '"" lIJ 91.1!'Ufll m'Ulf1'U ~~'Vl~ I1lJ'.i~1J1W 30 

d 

'Ul'Vl 

D 
. 

f1H)~Hl'Um~~l'l:lf1H)~!'lH)'.i
~ 

1 

D 
"'11 Reducing sugar 

(i~t11li DNS-method) 

D 
rll'U1Wf1i1'U'I11ffltl"~'U~NU il~ 1'U 

~1mh~ 

3. fl11,hfl11~fl\Jltl""'1~1!1'Util'H1'U6'H8" 

3.1 ihtJ~1:Yl'.i,,~mtlf1~ itl1:Y1J1~'.iil'U~1'U1'U 0,2, 4 u,,~ 6 iJ"ilil~'.i u~1tJf'U 

tJ~1l1~'.i 1M'!1:I'U 10 iJ"ilil~'.i 1'Ul1"fl~'Vl~"fl~ 

3.2 !~1l DNS reagent 4 iJ"ilil~'.i !'U~1 U~1lh 1M'ffl'U~~W 11 fJiJtJ'.i~1J1W 90 fl~fl'l 

!C)fm:lftl1:Y (1'U water bath) !1:I'ULJ"1 30 mn 

" " 3.3 !~1l\h 1M"~tJ~1l1~'.i11~111l~ 30 iJ"ilil~'.i H~1'vh 1M'fl~H'.i1~!~1 
. " , 

3.4 tJl'tJ1~~1f11'.i~~f1i1'UU1:Y~n 575 'Ul i'U!ll~'.i i~t1i,*tJlf1i1'U!1:I'U blank U'Vl'U 
" ,

~1fl~1~ 1 iJ"ilil~'.i U"~!~ll DNS regent 4 iJ"ilil~'.i u~1tJfmJ~1l1~'.i~htltJlf1i1'U1M'tl'.i'U 30 iJ"ilil~'.i 

K,B(1 OO)(dilution) =------'------'-----
IOOOA 

http:u~1tJfmJ~1l1~'.i~htltJlf1i1'U1M'tl'.i'U
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K 2V (l 00)(dilution)
=-----"'------'----'----'--------'-

1000A 

-I
(Slope) I 

-I
(Slope) (0.9) I 

Slope ~l~'~\llflmlvJmJ lmnJl\Pl'jjl'U 

, '" I mfll'j~\Plfl~'UUff-:.t 

. ." 
0.9 ~lfl-:.tVil 'U fll'jI'1J~rJ'UU l\Pll~I~'Uuil-:.t 

" . 
B '1J1:IJltu'U~-:.tm~111-:.tYl:IJ\PlVil,* (l'Uff1'Ulff) 

V '1J1:1Jltu'U~-:.tm~1~l~ (l'Uff1'U\Pl~fl~'U) 
" A UlYI'I!fl'U~-:.t~1~~H 

'" '" Dilution= 'j~\Pl1Jfll'jI\l~\lH 

GI ~ rI Y ~.c::! Q,I.d d rjJ 0 "l... 1Q,I I .o!!I. 

YI:IJlrJIYl\Pl: ~'Ufll'j1tml~YI\Pl1rJ11i "DNS- method" YI~-:.t\llfl'YIffn~~mrJW'U\Pl1\Pl~-:.t'U1 ~lJ1\Plm\Pl\Plfl~'U. Q,I ..
" . . 

ttff -:.tl1'UViM'l:IJ'1Jr;i~rJi1-:.tH tt~~~lfll'j\Pl\Plflil'Uttff -:.tVi '~:IJlflflil 0.5 1M'l~~ \lH~1~~HVit~'U ff1'U1ffn~'U.. 
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do" .1
'Ul~~11~lfl~tHJ ~'YI1ilJl 

28 \9l,mu.J 2528•. 
<:I ... 

umWfUfWI� ~~wj~ihtJl~ 

_I ..... <:I 
u1:::lPlfl11ftfllll 'rut 2546 'il'IJiJ1iflllfffllll\9lfl'UtJCllfl Is~l~ fl'U'lJty11'Y161'Y1fll'ftfl 

~~Wj~~htJl~ 

'rut 2550 tJ~tytyl1ft'1m)1lft'1~m'lJ'wcn\9l (1ft'1m)1lIflll\9l) 

1l1111'Y1fll'ftml~1~~~Y11~I;}fl~h1~ 

... 
NiU1U'rlHlVlfl11 'rtft'. 2550 

fl'U'Yhll)~ lfl1-ii-iilUlftlfl111JmWW1P111J'Yill'rltllKtuA1Ji;\,.... 
'rtft'. 2552� ~lfl~iM ~'YI1itJl, 'illl'J'Vl~ff 11f\'YI~ 'ifiJ~)l Y1'1f1f1fl, 

~m'Vl~1:l fillfillCl une11l1tHJ lmf\fl1:l. 2552. HClfl1) 

\9lfl'IJ~'U fl~'Ufl~ICJ1'UICJ1fl{fl~'U 11l1fl) n~~ffll~'U,r~flfl111l 

Ufi-~fl'Ufl~l'JI~eu , 'U 1U.l-iilUfl11'lJ1:::"!1J1Vlfl111'rltllfl11 

,.., v "_I oV 
fl11€1UU'rl'WiH-iilUflll1J1tlUUl;1:::1Jll;1IUf,!Ufl1W~lUflll1J 

.. .� .
11 OJq ..c::::.. t::). .a 
1tlU f11-ii'rl 8 fl1fl1'1l'11ft'1m)lltmfl~flCl flW::: 

1ft'1m)1lft'1~\9l{ 1l1111'Y1fll'ftm~fl~' Y1~ 

S. Suttapa, J. Varith, M. Krairiksh, C. Noochuay and 

J. Phimpimol.2009. Microwave Sensor Response In 

Relation To Durian Maturity. In: Sib. CIGR Section 

VI International Symposium on Food Processing, 

Monitoring Technilogy In Bioprocess and Food 

Quality Management. 31 August-O? September 

2009. Potsdam, Germany. 
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