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Rice is one of the important economic crops in Thailand, especially jasmine
rice 105, which is soft, delicious and has a mild pandan leaves aroma. Jasmine 105 rice
is in high demand both in Thailand and other countries, but the price of this rice is
about 30 percent higher than other rice cultivars, causing adulteration of other rice
cultivars to cheat the selling price. The main types of rice that are commonly used for
adulteration with Jasmine 105 rice are Hompathum rice, Gorkor79 rice, Phitsanulok rice
and Saohai rice. Currently, there are several methods for detecting the contaminated
rice as follows: lodine test which is to observe the color that occurs from the reaction
between the amount of amylose in rice and iodine mixed with the chemical reagent.
Separation from colors or shapes, whether using a sorting machine or using observation
from experts. Tasting, which is commonly used in the small-scale food industry, due
to it does not require high investments by using only expert tastings. Rice DNA testing,
which is the most effective way to check rice DNA, which can know the rice cultivars
of rice sample with 100 percent accuracy, but the result is only the result of a random
handful of rice from all and it also takes a long time to check and has a high cost.
Therefore, it is commonly used to inspect rice that will be exported only. Currently,
there are several research on the detection of adulterated rice in many ways, such as
the development of reagent for iodine method to be more effective or even inspecting
by estimating results from photographs, but they are still under research and further
development. The researcher has foreseen the problems that occurred and has an
idea to develop prototype of new method that can be used to inspect contaminated
rice with high efficiency and easy to use. From the review of the literatures, it was

found that the detection of adulterated rice by dielectric properties was theoretically



possible. Because every material in this world is unique, whether it is the same type
of material. Therefore, each type of rice must have different dielectric properties, due
to the various nutrients such as protein and carbohydrates contained in each rice
variety are different which nutrients also have unique dielectric properties. This
research used dielectric properties with adding saline solution to inspect contaminated
rice. The saline solution will qualify the sample for use with the measuring equipment
and increase the difference in dielectric properties of the adulterated rice from the
unadulterated rice. The experiment used jasmine 105 rice as a reference rice by
comparing with adulterated rice using jasmine 105 rice mixed with Hompathum rice,
Gorkor79 rice, Phitsanulok rice and Saohai rice at the ratios of 10, 20, 30, 40 and 50
percent, respectively. From the experimental results, it is known that adulterated rice
can be detected. This research will be a prototype for further development towards

the new innovations for detecting adulterated rice.
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IEEE = institute of electrical and electronics engineers
DNA = deoxyribonucleic acid

ppm = parts per million

VNA = vector network analyzer

2AP = 2-acetyl-1-pyrroline

RF = radio frequency

DC = direct current

AC = alternating current

IRRI = international rice research institute
GMO = genetically modified organism

ISM = industrial sciences medicine

DI = deionized

g’ = dielectric constant

g = dielectric loss factor

Er = Relative dielectric

&o = absolute permittivity

Es = Static dielectric

€ = high frequency dielectric constant
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AMBSUNYAANYAlaTAED (FD)

&q = dipolar dielectric loss factor
e(’,’ = ionic dielectric loss factor
f = frequency

I = Reflection coefficient

T = Relaxation time

w = angular frequency

o = conductivity

P = density

Cp = specific heat

E = electric field

dp = penetration depth

/10 = free space wavelength

C =5 speed of light

a4 = dipolar polarizability

(0 = electronic polarizability
a; = ionic polarizability

ﬁ = electric dipole moment
q = electric charge

finite distance

=
I}
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permanent dipole moment

dipolar dipole moment

electronic dipole moment

ionic dipole moment

temperature

Boltzmann statistics

number of molecules per unit volume

electric susceptibility
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p= S (2.3)
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27Tf\/2£’[1/ 1+(£"/£’)2—1]
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a 3

constant) & wnuAAInladiinmInfiaudAuEnse DC (Static dielectric constant) lngvi
& ' Al a & a a a g s a a '

aosrnduarnsiiladidnasniinsgudeduaud w uwupuiiday 2rf) wag T wnua

AsHauAane (Relaxation time) kazanaun13AaInad wuduiudsdauaiunsanen oy

apsdiusaaun1seeluilAe
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r €s— €0
E = &,p t+ —1+(wt)2 (2.6)

1 (Es—Ea0)WT
1+(wT)?

Taed & wua1manladidnmnsn (Dielectric constant) waz &' WWurns
gaduladidinain (Dielectric loss factor) @3uiiiduduiuaimieiasiladidnain

(Dielectric constant) Wurfivanisarmainisatunisiiundsuvesinglioog neld

¥
1

awwlilih ddegazueniimsiiundsnuldundnisandduvasuuladldheniunnuiy

a 1

wargaumadll uazdruduinnuiunnmvserinisgaydaladiannin (Dielectric loss factor)

Y

Jurnsaadeluiduanuiou vieafwansdisnnuannsalasuuamasnulilunig

LY

Souidaing

AANudLTUsvRIaNnTlnINgUN 2.5 thulddnnanudisunn uwargwnnd
sguann1siounaeluanadzdrAdladlanmsnuintu & wag £, mudduseuldiud
n1sgadedunud Anudnaainisgydsladidnainasiagaigafiniuineunaie

1
(Relaxation frequency) w = 3

41n15789 Debye @1u1saunua18nInAs 99nau € — &' lngdan
g = g5 uar €' = 0 Manuddngauar € = g, taz € = 0 NAudgganugun
2.6 FYNLTENIUEUAIN Cole-Cole (Nelson, 1973)

=

31971 2.5 avendegirmnuautilndidnainveshduluianlndidnesn
f97lugruanudlulasinlasunuaiacluluaunisees Debye Laliwisfimosaiunoy

Aane (Relaxation parameter) A1UA15199 2.6
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JUN 2.5 AnuandRladidnnsn (Dielectric property) ¥833aA A NANNT

Debye relaxation (Nelson, 1973)

gﬂ‘ﬁ 2.6 HUNIN Cole-Cole maﬁaqmuaums Debye relaxation (Nelson,

1973)



26

A15199 2.5 AuduNuSUaIA1An ladannsn (Dielectric constant) kazAn

€

'
o

n1sgaudeladiannin (Dielectric loss factor) fuamdvesU1figumngil 20° C (Nelson,

1973)

AUA o o

(GHz)
0.6 80.3 2.75
1.7 79.2 7.9
3.0 77.4 13.0
4.6 74.0 18.8
7.7 67.4 28.2
9.1 63.0 31.5
12.5 53.6 35.5
17.4 42.0 37.1
26.8 26.5 33.9
36.4 17.6 28.8

A15199 2.6 A5 IALROIEMSUANN1TUBS Debye 9 relaxation frequency v9UN

Tugaumaiisinaiu (Nelson, 1973)

Relaxation
auudl (°C) £ € T (ps) frequency

(GHz2)

0 87.9 57 17.67 9.007




27

Relaxation
guudl (°C) £ £, T (ps) frequency
(GHz)
10 83.9 5.5 12.68 12.552
20 80.2 5.6 9.36 17.004
30 76.6 5.2 7.28 21.862
40 73.2 3.9 5.82 27.346
50 69.9 4.0 4.75 33.506
60 66.7 4.2 4.01 39.690

gaunnil (Temperature)

'
| a

WidAsion1sindy vieanasvesrinuaulfladidnasn

-
2
~

&2
D
ca
=
L)

¥

(Dielectric property) ¥04iantudney uazlaganzianidesdussnoundudou wagdiun
Jussdusznoundn wuemisusendndiusinianisinunsiaAinuautfledidna3ndaiy
gaulmidegaungduinhlinisinaladidnasnuionisvinidedldrladidna3nlunns

1%
o

wgtudsinsmuANanzwIndelin Invgnngiavdumalasnswionsinanlsduuy

D

Dipolar tesannistnanlsduiintiaziidiulsvesanmgiiniiertesienuaunisves ag 7

£%2
Y o

sgnantuiaitesely dedrfandundussdusznaveguiniagyiligungddwmasionis

= ' vall a d  a %
WisuwUasdnauaudiladidnasnuinme

\WegnuuiliinAuAn Relaxation time xaAAY UALIAFIGATDIAGYLFLFN

2 '
o 1 =

wanslugud 2.4 aspdeuluiinnudgelu dulumamladidnasnvzdiuwiliunazanamniy

< a

qquﬁﬁaEJLﬂ‘fluwammﬂmisiauﬂmsﬂ,mﬁmﬂmﬂ (Dielectric relaxation) Tuvgnans

gdsladidnninensaziiudunseanasilavisgiuegiuaudnldnusziiaigmseninin

Y

Relaxation frequency @131509 308190151 UG vukUasgaung ilaainmisned 2.7 lag

WSgueunumIsen 2.5 Waldm1ns1dmasniunisnan 2.6
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M15197 2.7 AUAUNUS VDIAIAN LABLENASA (Dielectric constant) WazAINIT

a a

gousdeladianein (Dielectric loss factor) ffuarudivetigaumni 50° C (Nelson, 1973)

AND o o

(GHz)
0.6 69.9 1.25
1.7 69.7 3.6
3.0 68.4 5.8
4.6 68.5 9.4
7.7 67.2 14.5
9.1 65.5 16.5
12.5 61.5 21.4
17.4 56.3 27.2
26.8 44.2 32.0
36.4 34.3 32.6

AUV (Density)

v o 13 a

| ) & A W ° v a a
AMUNUILUUYDIRg LT UBNAILUAED zgwmﬂmmlmaLaﬂmﬂmaauwaq

v
[ a

Wosnazvivenislunameadnssomanisluingruiy Faennmeaasialadidnasniiies

wA 1 winudilnssennavseesenialuingiiladidnaingazriliifinnisinaiiiey

v
[ v o

worn wazlnaseniadwihlinianisasieuneludiing dulunsinAladidnasnissies

v o = !

MuuamasgIulidringlannuruktuUssinamiaieannsiameunlaannisiaunnian

9
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AU (Moisture)

' '
a

& 2 = v Ao o A a i i a & a
At lunilddududsiiddyigandmarenisiuisuwdasanlndiannsn

4 ! b4
[ dl\/LQd, a A v v A

wnfigailosainindudviazaeniitn uasiieladidna3niigedniidalinisiieunlasa

Y

¥
o a Y

lddnmsnladediednsdsuwlasmamall lneienuduiilseuaiioutuinfegludiian

=

fnflanudunniaziisnnyilinnuasnsalunisiwailsduuu Dipolar (@g) SAmnuds

o Pl a a ! X £
wﬂwmlmaLaﬂmﬂmmmmumuiﬂmﬂ

233  falSeufisuseninenisasiasumieladidnasniuiSnsnsisdsukuudu

14

Tun1sns19aUT NN THANAIINUS

3

WesnnUszwalvedunislulsemamanmsinensiiinisdseandnuinian
Useinanile wazdaiiuszmnsnielulssimanusinadidusimsudnyinliaesiinisnsisasu

AMAIN Lazaneiug 1 lvAnounisvdseenrsomnenelulssina iedesdudymninig

9

N v A

UasuvuiionanelminUgmilngle lnonisesiaaevaisnusiniviedngananiudimig

9 Y
aneiudlulagiuiiogvaeds Fa3silddudlngjaed 4 3loun nsnsanaeulaeldlelofiu

N5lATRIENE wazauIn N1IRTIv@RUMERARAY (DNA) karn15TusavIRLilonean

Msnsageunelalefu (lodine test) ¥38L58n3N0E19INN1595938 Tneagly

¥
a v

ansavanelolefuludondadnidnduds Fdagnltiiensivaeunisuasududulavisdn

' v
aa a = o

W1 waztnwlenlngoden13n39aeuNdNNnTuINN1SYINUL ASevesasazaiulelafiu
fuutsiiandslusdndsenitesilaa auguil 2.7 Tnsantuddedumni (RR) 16
wiaUssmenugouuvestld 4 Ussandnnsied 2.8 Suseunisnaaoundsnniaien
asaranslelofuudlinsndniwwanaaeulluaauddoadudniiiunisduds sy

rasazaremadluluaaiiadaudind 1 lvviaudssana 2 w19 andulanalsazaigean

'
[

wazdunagidvendadrindudiferiunmuenioll Fannuduvedazlisuwdaluny
Yunaweseriilag 38n1snsieasusiglelofuduisnite wazsluiifeuegrswnnidosnnd
AuazaIntuNIIagey w¥egunsalite uassialsa uamsiinsesaunlalvladnes

(Spectrophotometer) ldeuaualuaisdideinisainuaziden wagkaug1uindu glu

a

geamnssuiililadvunalnglesdiuunnazlifinsesfevinivilinisnsvaeuiansanain

v Y

AMSEUNAMIEAF 91T ANURLUEHNINLTLATaEe N15AsI9daumglalefuddivaden

'
U ¥ a

AR MNHENUS o N1SUUAULNTUS U e AladN lNALALIAUNNNUS BLYINAY LU 917

)
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vewnyd 105 waniutvenuny Wit nu 79 agvilinendiedunvaslildliasfiaudiinag

a3 esdiofnuiosnindminduwdunsvirujiserssninesilaadvaisazaslelodu

WU

A v 2/ dy % o/ a a
M151991 2.8 N15TAUSELANVRIT 1AL eduNanuUSunevdlad (sm-

rsc.ricethailand.go.th)

Q! &l tu L4
Usznn Wosidusdaziilaa Woduia
v I =
Franiien 0-2 witlgaunn
v A S '
F1eziilagm 10-19 1
v al & 1 oV ]
J1ezilagurunans 20-25 TaludausAaudnesiu
£73 a I3 1
F170siiladgs 25-34 L9 LaEsIu

JUN 2.7 n1saslaasuliuimesdlagindstgarsazanslelonu

(publiclab.org)



31

NMIATIEOUMIEN1SEE wazrn dusagiiegeldaniun 2.8 Wunis

' 1%
a A

Aaondsuuioudu q ldldidadneenluwuiuden Aeunsin wselAwn1LAIRIEeE way

1 v

wwniluesesdefiununnlsaddndeguduilesnndndudeddfndineudine usinosdle

ugsldAnueniugtnlatisudiinisaaweniuginalilygaussasdvannies uadudnivn

]

Aaa 1Y)

WugAlda1eiuun wiedaruerudeiidadudoudiwin Aaunsalduenesnuile was
aunsavildsgnsasalaenisivadnaiuiiduges uazvinsivsefinwdntiueen us
WiesnnildldgauszasafiuiasdlunsiuvesaissidsliaziBunnavzuendindnfidag

1%

ThdResiunad@vsevuala

U7 2.8 w3esdmsuldfauendidadnlnenisinesn (yontpholdee.co.th)

=2}
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msmnaaumqﬁ’uqmsw%‘amsmmaau DNA (ﬂ 1198190157510V

(%

wugnssuvesdldnugun 2.9) Wunmsanaaeulagldduvestinlunaaey uaznsiagsia

'
o |

ugnssu (RNA) meieswaliiienindudniugerls wazdnisdasnenisiugnssy (GMO)

Y
4

w3alil lngn1smeaeumeisiasldiainsiaaeutuimussann 48 Falus fednAoutiauiy
winafliazazden wazlianuudugniian lngaunsan1udeyan1anugnssuiamuaves
F1iihlunsa Tulagduaiunsansiaaeu DNA laanuaunaie 9 Mgusnuumingaesng

1 winan13nsavenvasldanfeuirauusiue 48 $alue aulvdadudowtuedivwaliu q

JUN 2.9 A0E9NITNTIIABUWUTNTTUYBIUI (Www.wonnapob.com)

nsnagumeUszamdula w3an1sTutvignudd 3sdazidunisiidng
v Y H a a o v d'
ABINITATIVABUNINNTIA VUMY UN A MUA waznaligna1uial musui 2.10
MnusuUsMuiedATwisand Inen1sdusavidndudeddiideimgymeiusayiiun

a ¢ 1o aa A aada a a o a d' = DR =
FLATITULNTIUU LLagﬁ'JﬁuL{]U’JﬁwNﬂizaﬂﬁﬂ’]‘w{ﬂqwQWLUaQﬁ]qﬂﬂQLLujq%Lsﬂﬂasﬂqu\]gm

Uszaunisaiunualrundnisuensavdndavinlaeinuin
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JUN 210 feg1emIlATIenisarIfved1fien1sdu (www.wonnapob.com)

¥ ' ¥
aad a = 1

wenaNfdulinaiumitnsraaeudninie3sduiatueginuddalilagn

Y

nldnuasalieindieglugen1side uwasiauidely Wun1snmgeumen1sinTen
1 = 1 R N . [y 1 a o .
1NAINAY 139N150180N (Digital image analysis) ALY UIIUIVEUDY Kleawphaipan,

Somprasong, Srahongthong, and Pattanasiri, (2019) AUs2178aHaNINE1BIINTUIN WAL

Y] o g v ' & v dg v I & v v & v Sada o
sUnswwesianiitlinsuinuaatnildnsiaaeuiludadiiugesls Madisnsldnig
US¥HNaNaINNINENY (Image processing) tlansaadaud1n ladeuidelnlesnunasausi

Faldlaunsansivaulasgrawiugdyinnens

Ja1d891n3501595298UT 19U na MUV lrlakuIARd S UNIRSI9EeY

1o

wuulvsAazunldunu vseldmuaiuisuuuiiu TneisSnstudAsnisnsiaasumisalnduan

Y

a3nveulind1n Weswwnsssuvfvesaiauaudinisiniadadaziduiimusanuduen

anwazlamziinuliivesiagmneielulanyiliiagvnaddulanaziieladidnasnd

§ @ 6 [V 1

witlounuSouosiduddaiinazivnssianialadidnssnlusdazanudlnddsatuiniuws

a v dvavd <

AzAoIlu1ANUD A LANATY BT BT Relaxation time A197U @aauidadle 8
AaanURyninansadnUssendldanuiionTivaeunsianvesdald wazdefirng 9 voq

A1991579dUMEA ABLENNSNATININNINITATIVARULUULAY
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v ' a & a & P a ' P
A15A5I9AUMEALADLENAS NENNNSaLE BN M ra1eAUD kRl LA A bu
g1UAIUD PN WAaELEBNANA 710U ISM band (Industrial Sciences Medicine) o d a1 du

rudflifesveaygnlunisldau lumuanusilunisasieaeuausarilimsudasnly

A 5%

nsagvieuvesdyaaiiddluuniinszd uwindidedunsiidesdinaiutayaniladidnasnd

a

AoudmaINanganIue Wuaumginig q vieanusuludn wavanunugn newiudu

Y

TayaelildTinsziifiesainaladidnainaziinanisildeunvasmudiulanieuandai
nanmAeudIneeziierldnariusnildifudeyassvinladiuin uasumuun wagly

nsnsivdeudedldnsiinmalinusegiudilliiasndnudasaeiugilionavieazing

5 & o

fuunAIANuTUlAlAssNInUTENN 8 B9 15 Weasidusvinlvanladiannsnvestnnsas
yinaztnsuinaudmulndnuaunenlleand i@ oIS NN LA ULANA19UDIAN L ABLAN

nINvastIMAaviiug llautaluing@uielinisnssaeuiiussdnininasgn lne

v '
av

NTedladanldnsiiivindsadlulutiefiuaiuwnnenswesa e ddnnsnuestn

(%

ugAe 9 Tuusiazaud

2.4  wansznuiiaduvasianladianaindioagaieldaunalni

1% '
U =

Tudetandunisnanisiiuvesaums uaznmadalnailsdsing 4 aelutaniud
\Jufiunvesaunis Debye (Debye equation) AnuaudRlnBianasn (Dielectric property)
Burrgauansinslalind fvuaauduiusve sianeinduivauuusdmdnuilugy
mm?ﬁmqﬁa RF (Radio-frequency) uazaaulilasii (Microwave frequency) laBi&nasn

[

FusswendanmadudmiliihilidvesinduideBuauay (nsulaton) mssfudufiuTag
Ussuamlangfianansathnssudliinldfdosnnlavetuideidneseudassanninglagnn
vinsteuaunlulinluiivagladidnanazsiliiAnlalnaluwusiysludia (Electric dipole
morment) Tuydu p = qr lnefiniieidu Debye &1 1 Debye azAnifiu 3.33x10
Cm (Coulomb meten) 1o q Aouszqludin (O war r Aeszozriaszwinalszy (m) la
TnamaluindunhovdandsiiAaunaindsygay uazuszquinidvmawiiuegaiuly
szovdulatlalnalund vieaums p = qr weiifiemundeuiininyszaauludszquan
Tneguil 2.11 azuansitegsfiemsedialnalusmdmslnihiiiadu . O. Kasap (2000) 1o

Inaeraiialalaenaisdu q bideseg areldauulnirdndleslagazisenitlalnaniis
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(Permanent dipole) & slalwaluimudduazyiliiinnisinanlsd (Polarization) n1eluans

fnansdleagnieldawuluih (nsng Tawides, 2007)

A\ 4

<—)y—

- E

U 2.11 frmavealalwluuud (nsng Iwudides, 2007)

nalnvadladidnasndednarndilvegluauulnidedvarevidadasennalniui

¢ . 4 ) I a g a ' v '
nslwanlsd (Polarization) laevialuudinalnvesladianasnazauisaudsoanlamduaosdiu
Relaxation (lonic polarization & & Dipole polarization) k8¢ Resonance (Atomic
polarization uag Electronic polarization) ausagalnnsunisinailsdvadladidnn3ng

Audeng 9 1inguil 2.12 9utiuaa lonic polarization Wag Dipole polarization 9z1du

nslwanlsdneglugiuves RF (Radio frequency) uaz Microwave aua1du nvadasiuly

'
a 6

faAuiAugnie DC (Direct current) 9nnae Tudau Atomic polarization wag Electronic

Y

polarization aziunistnanlsdfieglugruanudigenn q Tugsenuiuadulyauiwa

WWused
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EI dipolar T @
!

atomic

S

electronic

L | I I
103 106 10° 10t2  10'°
r’microwave | infrared VIS ﬁUVL[

Frequency in Hz

UM 2.12 awnasuvesn1nei ladidnn3n (Dielectric constant) uazAIN1S
qapdeoladidnnin (Dielectric loss factor) Al Aa1ud w19 9 ¥ slunaln Relaxation waz

Resonance (en.wikipedia.org)

nalnansialnanlsgaganunsauvsaruiadle 3 aiia Ao lonic polarization Dipole
polarization way Electronic polarization Imsmwﬂwmliﬂmwiamﬁmfmzl,ﬁmﬁ'ﬁyulﬁsﬁuagj
furiinvesansian ey meldaunlufindosainarsidrluaeldauulniayd
Tassahesiusslinanaamzin uluidasaavesoznoumeiiagyilAnnisinanlsd
gilaeng 1 tnglududalvasdunsuanafiunnsiialnatlsdlusdazedin Tneazfinnsani
dunuuy DC rewantudesmnistnslsdrnannistnslsdivaueiin uiidunfiansan
fuauINLUL AC ¥3eMsAATIZALUL relaxation dazidunisfigaiifisnuesaums Debye

lugauvesnalnanisiialnanlsd (Polarization mechanisms) 984 Electronic

polarization Wuananaunluind1liuennguuesUszqdianaseu uasduadvaluauas

favneiu Jevilianlalnaluwudtudegud 2.13 laglalnaluwudvesesnou P suanan
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aunnsf 2.8 nsng Tanddes (2007) Wie a, Aemrmaunsalunislvanlsduuudiannseiing

=

waz E Asauryluidi avaiuaiuisanisinanlsdwuudidnnsedindnilaannaunisi 2.9

(n3ng) Twuddes, 2007) e r Aesadveseznau Janisinsilsduvudiannseindiuas

1%
a [

Wndulaiuianmnyie

Ap_dmeyrs (2.9)

+q

®
=q

Dineanalilih e lilih

SUM 2.13 Electronic polarization fliinanaunslsfrauulnfilunenngs

SannsaussnaNIAYd

Dipole polarization aznuluaisdlalnalagusluunnas wudnndlalwaluwusd
0115 1.87 Debye fegnsvasansidlalnaluiuusiuuans waglifilalwaluuuduuun1is

WanIRagudl 2.14 Mnguaziuimhesdlalwaluwuduuua1ns anlaswaieluanavening

n1sneyueen Uszuia 104° vililalnaluuud ldldwndraduqud Gam1991n

D

asvaulpeenleai qtuay ¢~ Windretuluguavihlilinalalnaluwuduuuands nsduin

a

Wnnauuliiviliiinanuseuasduuugy Sadegaelaauulnilalnaluuudad
AuaudASeuadountindnlagaziiesdanuauiuliii lngaziSenda Orientation

polarization Mson1slwanlsduuuisesiy Taaalalnalumudazmlsainaunisi 2.10 (nsng

a

Saudidos, 2007) Taodl py Aolalwaluwusionns T Fogamad Q) E Aoaunuluiiin (v/m)

Y
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k Farnasiivas Boltzmann (/°K) uag k #elalnaluiuusians A1 Orientation polarization

annsamlaniuaunisi 2.11 (nsng Twwii@es, 2007) e p = aqF lay ay Aenn

AMuaunsalun1slun19389 %39 Dipole orientational polarizability

-
-~ DpoE

P~ (2.10)
2
_ bo

a; = _3kT (2.11)

GO0 p O

0O C

H

SUN 2.14 Ialnaluudvesansassia launu uazasusulasenlyd (n3ng

TaWAges, 2007)

Tudruveslossuinlnailsd %o lonic polarization Wun1slwarlsdidlieasiied

Y

meldaunalifiduszuuulessuiin 1wy NaCl 990Ul 2.15 (Kasap, 2006) 9zuansnsiin

lonic polarization ¥84 NaCl \i oo wazluag nngldauiului n1sdudlveswdn Nacl

[ ! [ 6

wuAnIRIFUT 2.10 A aswiudlalwaluuwdiazdawiiugudilosnlalnaluuusvesdsyy

Y
VINazdsanuniulssgaumessoneiiudaindsiuisomewed (p = p, — p_ =
0) wazilioagnelaauulni awuluinagyiinisisld Na wdsuiiluiieanig +X Juilile

Twaluudnisuan (pg) Sansnndulusazilalnalumudvesleau (p_) azanaanas

i ¢ = o

(Kasap, 2006) fa3U# 2.10 B yilAlalnaluwudldlaianduaud Seviliinaidu lonic

Y Y
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polarization Yumazamsaleulansaunisy 2.12 (Kasap, 2006) e a; Asauaiuisalu

nsTnanlsduuulessuiin (onic polarizability) uay E deaunaluiih (v/m)

p=aoE (2.12)

A >€ >€ ><€

SRS HAASITA<IAS
Na

Ul 2.15 maiAn lonic polarization Tu NaCl Tne A 1unsdusiveswan NaCl

Y

Wieluegneldaunuli waz B Wunisduiiveman NaCl esgnieldaunlnil (Kasap,
2006)

Aatudeanu13aa3unis Polarization wuusulafaaunisi 2.13 anunsalsusdela
Wuaunisi 2.14 (Kasap, 2006) e N fediuiuresesnounauinnng wazaunsamaiai

ladianesn () muaunisin 2.5 (hang mudides, 2007) WeAdnsaiuseninalszqn

= ' | v

gngawmiledreusyadase (Electric susceptibility) IAwviniu Yy = (e, — 1) = ,sLE (Nn4
0

a

Y a o a A A ad  a = S A ad a o 4
TaAes, 2007) e &, AerAladiinnin vielunlfedinsiiladidnainiininudaue
w30 DC §9019l810u & (Static dielectric) 1d wazdriarsandiduil sduvesgamgdae
awnsauen pg eonlevilimasiiies p, way p;

ﬁ = ﬁe + ﬁd + ﬁi (2.13)

p=NE(a, +ag +a;) (2.18)
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& —1= ﬂ(0(,3 +a; + p—z) (2.15)
&o 3k

Tnefinanundunisfiansandiladidnasnluauiulufiuuy DC Feanunsainly
nswiiuduauuuuu AC I uazagnanidluidereluluSesvaDielectric relaxation
\Junaunainnisiadeuiiveslalna (Dipole polarization) uaz Asiiudseqlusia (onic
polarization) 1iesannnsadutavesaunalniiuay Samulurasanud 100 Hz llauds 10
GHz nalnwes Dielectric relaxation 9vAaud 1991l osUSauisuiunisiin Resonance
Tuthedidnnselindvsenisduvedluanaiiniudainnia 1000 GHz

Relaxation time 138 T 1dun13innisiad euiivesluiananieluian Dielectric
relaxation 1in91nnsardrlunisinanlsdvesiuanaiiedinaisianlndidnainegaels
aulihnisiedeuiivedalnameldauariiainmsuiuiahdwiansdond ity
vililaanaied euithasaunszisieamuzaavinoveanisinanlsd Weaunuluiimgnas
Relaxation frequency \Hudunduves Relaxation time

Weniansaluszavluanalidnaisazegluanigluuiniy nanisnevausne

v
= 1

aunilwihazduegiv T dafunafifesngailalnaausausuiiammaunulnihléiy vie
finrdsnnilalnalnalsdluanauuuidragliansamuaunilwildvuiaianis
Wasuraslwanlsd damasnainusssewinsluana (ntermolecular forces) uagnsduuos
Tnssa¥randndiiinainainudeu (Lattice vibration) (n3ng Twuiides, 2007) uagtilosain
9194A Phase lag fladidnmsndsosutoondudemadiesuinese warsiuauduanw

Faaunisit 2.16
& =¢&. —¢&/ (2.16)

Feundregan1sinarlsdiuy Dipolar ieagluauiu AC 31naunsinailsduuusi
Ananuneunthiazlaniaunisi 2.17 1 ay (w) dlewiilosaindanuduiusiuaau
dieagluauy AC Tnenislwanlsduuu Electronic tudumsiwanlsdiiniunnudasns

a1sndinistwanlsduuy Dipolar lanunsanyumuauulaiuiwiid a, desunauieu

[
& o o

Jugud dntudddfiansanld vliladudnaunismuaunisi 2.18 lae &, azgnuuadu

Y

Iudsdeudionsinailsdyia Dipolar agluauiu AC uagli ay(w) drdsaunisi
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2.19 91AN15n52918909n15InalsE A @uruwuy DC sa uazlamuaunisi 2.20 ¥
1 — jot sngaiay uazduazlddsaunsi 2.21 e £,(0) = g Aorasiiladidnnini
DC #3061 Static dielectric constant auAssaunis 2.22 uddiownuaiasluazlas
aunsii 2.23 wazannsauvsindudiuvessiuiueds wazsuaudunnmldaunisi 2.24

WAy 2.25 1o £y HAWMNTU 1 FanAeaun15vee Debye Huiaa

& —1= :’—O(ae + ag(w)) (2.17)
! - I N

& —j& =1+ gad(w) (2.18)

a;(w) = ffj(:))T (2.19)
[N N aq(0)

& —Jje&r =1+ &0 (1+jwt) (220

é‘; _jg;, — 14 Nad(O)( il )(1—jw‘c) —1 +Nad(0) 1-jwt

&0 1+jwt/) \1-jwt & 1+(wT)?
(2.21)
g (0)=1+ N—ag‘@ = (2.22)
0
/ I 1—jw’c
& —j& =1+ [sr 0)—-1 (m)] (2.23)
r__ Es—€x0
€' =0+ 1ss (2.24)
1 (Es=Ee)wT (2.25)

1+ (wt)?
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ad oy 4 Y A A v aae a
2.5 VIQULU@QGINLﬂEJ'JﬂULﬂ'iﬂ\‘ill'ﬂ')ﬂﬂ'ﬂ»ﬂ'ﬂ@ﬂ@liﬂ
madenldinsesdiodmsuinaladidnesniluseniliasuestiu Wesainitgunsal

(%

wiazyingneanuuuindmsuldnuluaniiefisneiu vsegranudildanuunndeiu dedu

'
d

0O = = I o Y 3 I3 A £ 1 Y A ¥ b4
Asafataindanleimduesls voawds we vounal nSaudusvun LLa?Lﬂ@ﬂi‘UQUﬂimﬂLﬁ

q

wvay lnewadaiildiaelndidnn3nazina1eds wuaelaueadea (Coaxial probe) ane
&4 (Transmission line) @3W1u (Free space) wnutwanvuu (Parallel plate) wag tslauuudg
(Resonant cavity) ufiag3sagiinnumnzaslunslinusintuiaiesmnud wuintng vie
U5

ms¥adaemaiia Coaxial probe wiaisendnegnein Open-end \umadadildiolu
grunudladaus 20 MHz & 20 GHz dewldiadeaiotalasine (Network Analyzer)
amfuany Coaxial probe Mgl 2.16 Slgausufoanunsadsnauinlulusinglalnglisos

a A o o = & a . & =
LATPUNIONIAEFUININGIELAINLALIIALTY ALA Open-end coaxial probe \Wundlslu

Witeuldunfigaiesanldnuieansaliinailadidnasnndndueionmsled wmallatgn

Y

Waluu1eg19a oLt 9slay Agilent Technologies diAAnuLLIzauAUNITIATUL19AUD

o
a 4

Broadband annsaldiuveuval uaghaveswdeiidanisgadegald 8nva3stdanunsald

Tomladianasavosiannivunluaunglawiu dulsd weld vieilednivulng

v

JUN 2.16 nsTarladldnasnm 1LnAlT A Open-end coaxial probe

(speag.swiss)



43

NaNA1TY119UABNISIERIINTULUU Open-end sauAunU Network analyzer %38

o £ v

Impedance analyzer Jaa1duUsza@nsnsazsiou (Reflection coefficient) 9nianladLan

[ v

A3NLEIBAIAAUNIUANUD NI UARDNLU KaLSUNITALYDUNAUVDIAAULAINIAIUILT LA

Permittivity wifiaasyiasenismuatgamgivewiedlinifiilosnnisiasdunisinalad
< a [ £ a 1 44 ra ! =) L3 a [
nesnvesianiudnuasiUnegluviedlagliiiindeawiegunsalaiunuaamniile 9 udesiu

wazTanAdsiianumussinamils

'
a a

nsianaewadla Parallel plate 1udnuilsluisntoueg1sun dadunisasis

' 1%
aa o

Capacitorlngnisvinliiian iazvinisindidnwasidunnuuisudisenumswrulangnian

9 |

ey gateg1slanugu 2.17 I8nslagiianuusiugigunnusmsldnuasimanzauiv

Y

Auda wariianlzdesdvuniiin wazissulngenviiniswdeulifitanssuwasiivuin

Ao ' v ' ° @V v Aaad = Y . Y o
woAN UK Wwanlidinemon1sAwinile lnenistaziiun1sinan Capacitance wdaunly

a v

FwnRaiamaladidnesnlneiUSeuiisuivuuaurulasanuuvesian Jdidedsde

| [

nsdan3enTannauviinsinfiennnszdesyhlidagneduurudriagduinvionsazdos

q

P
3 o

nsdeunsetuUliiluvenisneu uasmunzauiunsinnianudan nsinaeieisiidn

14Riu Impedance Analyzer %58 RLC meter

Plat

|"Ir'||'1-1'1'-|'1'1r+-|'1r++1r"I'I"1'+'-'-I'+'-'-|'

o VvV
d EF=—=—

JUN 2.17 n1syanlaga nnTnatuinad A Parallel plate

(www.physics.smu.edu)

nsiasewaia Free space WAsTlApalUduRaiuTan tngauiuiunisldau

fumsinianilianansaunevsedudals waglidaahnsimsewouguisdnunzvesian
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Tl glannuguit 2.18 Fdmuggldauiuanuigeulalasion lneisdagldnisdenauy
AudgeiuaseInd (Antenna) Kulufisd Taaudsunniundudlumunseduen
Permittivity 35danunsaldiugamalinigels wavirelunisdniuns uiisisuluszdesinlu

Chamber #3091931% Waveguide asauliUa9iun19n5918U99AAU 3D QYI1TUNIY

PUNNLAAIDU

2.18 mstaAladidnasnmemaia Free space (www.dlr.de)

CaN
(el
=>.

2.6  msUszgndldeuadumsimaniiiifuevnsvitenaninsinianisinens
Tugnamnssumsinunswazemsinisldnuaduwinanlwiuiowsguvieite
ausnesunuelaedeuldadulugnlulasandianud 915 MHz uaz 2.45 GHz Fuiy
AW 1SM band vieamifignivuslldlalumsgaamngs uaznsfn
Tulasianaiunsashunldevuiaioauetomisununiseusisausouls dnnsld
lilpsiniideffianunsesuwiildiiniinseumemauiliusendanan Tnenisldinmnie
msliamnueuilvandunislianueuainsuuenddnsduildmsuldainindadud

AT UINNteuka e wazdildnateuasudislunslulasnazsdunisiiaiusousnndi

Tupanundneuen wazlamnuiuaindnalussnuvilvdunamnuliaainateusnte wazdaly

a A

1AEINTIMIBUMEBIAIBY Fregreingaunldniseuwiamelulasinnugnainnssufe

9

@& & o Y] 4 v o1 v ) v
wanivang 9 ugnd1n 61 wde waldeng 9 wenanmseuwislulasndsaunsaldUsenau

wsliigu nsviensdnd vsenisguermsdnsagy
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wenINNsUsENEUeMISWAIAd uiman i dsanusadseyndldauladnnany
ag1gu nsrvaeuwtadtudulll dnuay naliiving q vseldnvaeunuautiuiiegiaves

91mM1slalu n1snvdeuaNduluian asrvdeulsiiiuvuinvesdiiaginslugu wén

Y

v '

nald nieldindauuasdngiiy ddunuidedlaldad uudmanlnitlugiuves RF uag
Microwave 1nUszensldnsiaaeuriniugdnn uazdnnaulagdiasizinaladidnn3nves
917 uazliiSmainiindaiiaiinannuidlagldundudvhazaerinlirladidna3nves

Ilunsiagiugianuseiundy

2.7 useszwineluanavesansdunidludng uasinfeliisazansluun

=

A159UNI ruEfaasUsENauNingnauvaInisuay (O) LWussrUsynaunan 34

' ¥
a ada

asdunididuasuszneviifianuiivadosiudsddin annuzyesnienmvesansazuegi
ussfiBneyniavesamstudde iy fsinduiuewnsiidaslulawsmidusssznaundn
(Uszana 70-80 Wadiiusd) uazaslulawsviosiiduansdunidieuiuideanainand
Tulawsmdunssnfuresnquvesiimaluanasiie 4 Usznouludesin 3 sialdun
A5uau (O), lelnsian (H) uazeandiau (0) Tnsenslulawsnuudléidu 3 wfialdun thana

Tuanainen (Monosaccharide) Wunquiiiluanadniian aadulaisanan wazavargluile

A 1 nglad (Glucose) uarnsnlng (Fructose) Uinnaluanag (Disaccharide) {Wunguiliii

Y

nnsTNsiiuresuanaien 2 3lia wazuinaluanale (Polysaccharide) iWunguves
Aslulawsniladanumu luanadvwnivg lassaseianugdudeu uaragatsuilaein

W waglaa (Cellulose) wazeariilag (Amylose)

rnduarsfunidiifiosusenauveinglag uazninlnaas (Cheng, You, Lee,

Y

Abbas, Rahim, Khor, Zakaria, and Lee, 2017) Taulufiveziilaasiefiazuin viedosdueg
fuaeiuguesdna Muudenusaainnglaa wagrgnlngeenunlamenisazaleuiiiiosnin

Jungunmisavangluinleine lnanglaa uazynlea dadlalnaluwudegn 1.8 uaz 3.65

Y
[ v
o

Debye Inganugresansdunisiuaniuiussuuuiida duflagnazargluiudilassate
imedatundundn (Crystal) azusnesnainduud 2 lFuiudanssdureniuny nns
WE suUatii i39n31n151UE suudamienieniw (Physical change) @‘Tagﬂﬁ 2.19 fiuana
shogsvasluanavesnglaaiignazareluih asduinguuesesadaiiunndinszagoglui

Wi1vzAUeITIaUvRIRRNTINYRsNIARf Ut ILINYaslalaTlaurenglaa dunaladn
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lwanavesnglaausznauludievylansenda (Hydroxyl group) Fadumnyilaridu -OH veq

v
& ANy & o

arsduvsgzaluluanaitidaianuauisalunsaiaiuselalasiau (Hydrogen bond) fiu

14 wa

luanavesuisgseudiiuld anautfanuiivaluluanavesin vibiinidudvhazanend

q

dmsuluianafifduswdientu dduanavesnglaaiinglannsondasmaunnlulasasng
Tuana Wunaliluanavesnglaadmaluanavesilddoussseninada (Dipole-dipole
forces) nsadneiusy syt tuinliAnlassasnslananalm (New bonds) Tusn uananil
naiAnlassadslnanalnddudinuluiahnaninlnafoidesanuseneuludenylens
ondautuify aunsaglassaisldmuzuil 2.20 Tnsunfudathasdalalnalusudionsedi
1.87 Debye Failoiinnssiuiiuudrnsililalnalumuionsvesasavaretuuasuld
My

a

1nde (NaCl) uS® sodium chloride vuaisiilaseasrawuszuwuuleloda (onic

bonds) muguil 2.21 Fandeariiufisemaaiinuandrsainanilulawmsniiazareivin g
azidunsidsuuwlamiani (Chemical change) lassasananvasndeiiisazaraluiiag
WWansuanmainnsduiuuiuesnidu NaCl #s NaCl aztinnsitasunlawnaaiinuiilng

gnueneanilu Na+ uaz Cl- Jsflanmdutndsaunsoazaieldn luanaveshd O Wulseq

= o v @

au wag H Uszauan asdudsdudidulalassasnadnimugui 2.22 (INa(OHyel uas
[CU(H,0)q.¢]) Tavinlilalnaluinuiardsvesasazaneuulasulumeduneinuiunsaives
Aslulawmsnidesannlassasteiussiimswasundasly sieflifiosann Hydrogen bond 1u

WusrwuURLAwAlin dipole-dipole forces s¥ninaezmoulalasiaululaseadiaiuss Luuiien

a (Y I3

19 aadunsdlvesdundenidelifsandusiivesaisarany namsalusuaiuuy dipole-

q
v

dipole forces Musiuszdu 9 lnonundasgruaunislainnioasluluarsussianasivlem
< ° v Aad ) v v v o 9 a ° P

591 ALY HRLAUNTTIA A ULITUAIN WU 1nED wazastulawmsn wazazyinlilaale

Twaluiuusd a1 lnu g 99ednanani15U8 sunladaveam1Aua@Iuisatunisinanlsd

(Polarizability) wazAAuauTAlNBIaNATNTRETTIY



Hydrogen

Glucose

JUN 2.19 lassasluanavednglaanazaielus (www.bio.miami.edu)

Pe» L \
9" [ eS Ryt g O,
e’ , 9 99” , 9 Q, "%

009" T i S

= _/0 o Jo Jo o
Glucose Galactose Fructose
J-Q.Q_J JO.O.J JO..OJ
q.g 0\ Jdog.d_ a 9 g 0 q_q c.o 0-\04
99’ .9 _Q, 99 99’ , 9 99 .9
e e =g R |
Sucrose Maltose
_,09_4 JQOJ
99 9. 9 9y”
99° ,0 009" , 9
"—97 Yeo—@"
o Jo o Jo
Lactose

U7l 2.20 laseasrsluanavesaslulawmsmeng o (chem.libretexts.org)




NaCl structure
lonic Bond

¢°8

&

Uit 2.21

€l

las9as19luianaves sodium chloride (edurev.in)

U 2.22

lassaieluanaves sodium chloride fiazaeluih (socratic.org)
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= ¥ o

TumsAnwismsnsnasuinvasuuuseauandiladidnesn dsddnesosn
msinrauandiladidnainvestriduliduteyalvivannansasiugiielflunisifiey
idlafosmsazasisaey uazmsiivdoyalilivainnaisanizwinden wugamgiisie
AU uagszaraTiLiuinviudad ) Tnefulsddyiiinaderguandiladidnesn
vosmdndnniavun wumwdy anud arsmuuiu viegamgll arsfasgnauaulilviey
Tidnwasimiloutulunnnisnaassd suluisddnisfumediauisegislumsadalud
Foufutoyaludnuusfientude mnvqudas 9 luuni uasionanssredduuni uazundl
1 ilnsuidianudululiieznsaaeudnivasutudieailadidnain iesaindrius
azyiiniusiesiiidanauddladidnninfisnstuluidesainaiseims anudu viednume
N9NEAN LLawﬁnLwiamﬁmﬁﬁmsLﬁ'wﬁummm@mauﬂalm&éﬁﬂm%ﬂﬁu,mﬂsmﬁ’uiul,wiax
yiawus uazannsafumedafudundadilulfifeveeaunnssosladidnasnli
ansosuunannslidnnuinngsdu ludiuvenndesdiotaramaudiladidnasndu
ausaldldvainnane @ dusuisodudlfidenldnisTasae Open-end coaxial probe
esanannsaldanilding hifanudu uarlidesdnnieniagiaziuninendutu msdn

a [ SLQJ a o 1

FELHU Plate NAoenssuinalinefnured wazdaidansautnaa Ui lmdudunef funEy

9

= o

Plate AouaNUUTaza1N150tuIn wagAwIaiemalladiannsnla 8nvie Open-end

<)

coaxial probe Faduneuldanuauifladidnainvesindanuseinnemis wiendnsue

o A a

yanwng Snitedsiivasnudlunisiaiiniranneaonisg1u BF wag Microwave Tny
et mlunuife il dlunsTneanaudiladidnainde Open-end coaxial
probe axvinsualiazideaudnaniviindolndudemenfurindu lunuisoduiosld
frveunzd 105 1Wundnlagthinisagnndt uasfudmidemiuasuyuunsea
dnluielilddmvasuuuilesnnidnveunsd 105 Wudmiifdidymnnstaeulussnenn
TiUszelne 1osndisadigannussana 15,000 um sedu Taednideiavasudy
ffudameusgd 105 tuiivaneius Ssnuideilldidenlddreuuny n 79 Ruaflan uazian
Tndutnildvasudu ngminslulsemalneimualitainsadamsoddadevuls 8

¢ & a aa 2 v o A 9 = a Yy Ay o O ao |
LUaﬁL%um‘Tmsamf\]aﬂummﬂumawuqau AU MIaLAwUABNT1INe AatuLIdeway

Jagldnsnandsusas 10 Weswusauly auluferssdansase 50 Wesidud 3eauise
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unii 3
a g.ll -1 g.ll 1 [ 1 a % =) v
ﬂ’]iﬂﬂﬁ\‘iq‘ﬂﬂim LLaWNﬂ’]I‘UiLLﬂSﬁJ’JGIﬂ’] LVIﬂUﬂﬂ']iNﬂ%JN’]LﬂﬂﬂIU‘U’]’J

ad [ 1 a a a
LLﬁZ’Jﬁﬂ’]i’JﬂﬂﬁlﬂﬂLﬁﬂﬁiﬂ

3.1 nami
MeuanladnisfnwAnueaufladianssn (Dielectric property) Uast1InaInviany

NI nuemaaandAladidnasnvestaning q liiewdd1ieddulmanegnateviia

'
a1 1

PdwasiansdsuuUasmnnandRladiingsn 1wy ANuTY gl ANMUIWIL ANRT

2
=l o

T arsormstutng wagdandovudu q Feduiemdiutiaznantnisinasgunsalflyd
TaanuantRladidnnsn waznmssaailusunsuiionisasuiiiey (Calibration) wazisn1sin
J ad a 1% ] A A o ad a o Yo o
Aladidnainvestn nsludiuveaiasdioinAladidnasntulaldiiinuuy Open-end

coaxial probe AuAlUAULATEY Vector network analyzer lngvinn1s Calibration e ine

& a 4

ANALURIABENASNTAY19AIUD 200 MHz - 1 GHz Tudiuvestninthurinaledannsn 2

q

M dutionuslag kazv19muewatnvedlng wardNANeNyILINELLNBlNITIA kA

€

[

i lawA Travenugd 105 Griviende 913 N 79 4nfivaglan wavtmanli lagn1sin

=0

A duNSHILUULE uazrandnde dadnTitintnezdesinisualiazidoanou
dundeiiwnanaviiaududulusasidiuseni 80 Weddud way 1nde 20 Wesidud
wazthuwanfuinlusnsdnmesimaeiundominiu 1 sle 1.5 dsteumsiadnuauls
ladidnn3nvaanndiege azdewinnsavanIzvetgamgivedion uariiog1svesdialin

A9 BNNIUSUUBIIMN NN TEUTTAA U AL A DI N STIR UM NAYINAY wazinunon

q

aInmeusINanhiwieliinanumaedeutiosign

a 3 P2 =1 (%] 1 a c a =1 4
3.2 ﬂ’l'iﬁlﬂﬂ\‘iLﬂ'i'e)ﬂ&l'ﬂ')ﬂﬂ"l‘lﬂ'ﬂtaﬂﬂiﬂ LLagﬂ"I'iﬁE]ULVIEJUQUﬂ'im
321  msiedaesedietn waznsvhauvemsesdle
in3esilefltlunisinanladidnnindegnaroiin 19U Parallel plate %30

Coaxial probe %38 Free space tJusu n1sidonlda1uastdona1uaANUmMinas 1wy Al
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v
Y A b‘Ly o

nwargUssvesian luauidedlddenldnisinladidnninde Coaxial probe

=~
b
©
De

aa v a <

Fadunisdumadendeulddusgrawnsnaredrunsuinaladidnasnianussnne1uns

q

&y a 1% 3

N30 TAnTIUUNEN 9]

o v

NIMINYAT IneFUTnvesilnsuasfidnuaednduiusiou msin

v a

aosthduiuinidaluwuulindiannazdiundaeledidnein viliseniilnsuiiladn
981931 Open-end coaxial probe #111509UUIAVBINUNNIAALARINFUN 3.1 Feawiiiudn

YAIHEURUAUENAT 19 Tadiuns AtuAITmINITUe nTausTeiueldiiagisvesd

4
¥ A a « a a

ynsinliiauinnianaialnsu wareudsdeilaidenltiataladidanasneile High

1 4' Y] a & a A a i Y va
temperature probe @11509lan1u3UN 3.2 Wwivinladdnesnydaninuderinuoulan

v W

waganusldaulanausgamgd -40 81 200 °C awnsaldnuiuianidurewds veumar

(YY) (Y]

wazkIoawUule nsTasleimviatdaiuisadiuiwuudadulanlmaslngliddaarinlvian

q q

WagugUTaianiaus sun iy ududanilauiuse vsedllngiemn1AuIne1afedvin
nsfaliiseu visualvazideanauls lnenisinaiuisailanuudiliseddiiailunis

wissnTanundn wazlanuwiuglunisiafireudigs (x1%) nsuagldnsinAnisasiiou

[ [

ndvvesndundseenivantateiilnsuudisuaduiiasisunduunandivesiannuiunin

Y o

warhluAuameauantaladidnasnaelusunsuneuianes demsszidunisidau
Winladlanasnuuu Open-end coaxial probe Aa@e coaxial Apnsslidnfuinin uay

Aosdnaedyaraliudusgivaselivery vielinisvduls vuzindnluianuewdinisd

v
A a

ANULS UV URINILNND kazaduvaauadlbialsiazUassliiinesainainieiwalnsu

[V T
v a A

iz dn viseandunsnmisaalriuulaslrtidesinseseinialitesian atitataeiuAiny

9
a

Aanainveinsinindaguazlnsionialitesiian uazgaringnessyisfelsesuedniiy

[ ~ v

wnvesguianiinisunin Janagdeunaunuivssinunidaieninidenismeauiuyes

9 9

AaUlUNTENUNU L51810750AILINANUNUITEITTAN IR U sEu1laINaNn1sh 3.1 Wle

tmin AOAUWTWITRYTARETUTaAWS uay &, Aarnsfiladidnnsn

20
tmin = E G.1)



Coaxial measurement (cross-section vu-w)

BN

!

Conductor

|

outer diameter

19 mm 1\

Conductor inner

diameter

Sample inner

diameter 4.5 mm
diameter 3 mm

V

Sample outer

¥
o a o

JUN 3.1 NuNNFnuaIRa Open-end coaxial probe lglusuAdel

High temperature short

High temperature probe

Conductive elastomer short disk

g‘d‘ﬁ 3.2 %2 Open-end coaxial probe %iia High temperature probe
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uanaIniuain1sideuas esllednladidnnsnaae3i Open-end coaxial
probe azAndldeuatugluiu Vector network analyzer uaspauiiunasdmivlszuiana

a1115001931n3UR 3.3 Inenannisvineude Network analyzer agyinisdsnduluaiud

A 9 eanlumunlansneld Tngdwuialnsulunsvesiandagyinlndaduuiudiuina

q

[
'

MsazvisanduNIInivesianlnefinduasiisuasuin wietsentuediuAvedladiannin
vosianuiazaiintu 9 waziesolievzilurmuinanuantilndidnasningededoyasin

n13 Calibration w3 eaflenauvitnisin wazluiSeudisuilunsdeya Tsunsuild

v
a o A

USLUIANE LALLANINATNINLNIDADUNILADS U8 UAD N1500A materials measurement
. =2 & W o 1 9 Ao oy uX o ° v g a
suite FuUuUMABEYIAINTALNOUNSTULATULIINIINTULIAILIN Washananabiiulngd

Henduldaunneudneing

VNA
Personal computer

\

©

Open-end coaxial probe

U 3.3 N3 Network analyzer uagAauiinasidrieiu

3.2.2  msaeuLiisugunsal (Calibration)
~ ¢ A . . 2 X o v a ° & v
nsapuigugunsal w38 Calibration Wuiugudfgiaisvitnasanould
ugunsaiiidesldanuazdennnylin nszasyinlitiganauRaeuTEnIeN15INaINAT
wleavslilugunsal wazanadyins v3uduai09095888 UAANITHIAGBN FIUUNTT

deunflsugUnsnidadunszurunstuduanugndesdmsuiniediofaiu 9 n1s Calibration
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d1m5uRILUU Open-end coaxial probe lglusuisoatuil 1avinns Calculation lagld
Air/short probe/water #ulUsIATH N1500A materials measurement suite 118391131 Air
Huilegily uwaslirmnuaudflndidnasnaiivingu 1 lunnainud Short probe Wugunsnl
wnsguiiazdedlunsaUaeaaiiievasavena uay Water 1ulvian Jeaunsamle
WalUlngldunavenn wia1sld DI water (Deionized water) #38L58n3141 DI 9A7ian
= & o a o g v - v o aw = P2
Wesniduinunaandseavibimuigauiiagldvienuide vienuneassluisuay
a ¢ 2 o a1 A a a =3 (5% a g v
ngmans dahaziimanladidnasnusyann 34-80 Yuegivgaumgil wazanudldeuly

YULUY JUIANNINTIABINTABULTBUTIINTUIEY Air/short/water lomuguit 3.4

"5 Open /AIR
1}
I

ASERULNEULNTUAEY Air/short/water

P

2
R

Vava -
KR

val

K85

water

_ g‘.

Il
p—

ol
[l
=b_
N
inN

suduusniflortunilusinsuagnuniaedeguil 3.5 Ingagilogdileduly
Fon uaniflosananuidodudldlinisiad g aamiAladidnainiuy Open-end coaxial
probe §efoudondl Wafdu Coaxial probe method waziil enmd1u1udalideniade
Calibration azuanafaidenmuguil 3.6 antuden Set frequency ldniisnenugui
3.7 Lﬁari’muﬂsdawaqmmﬁlLémé]’uauiﬂﬁﬂmmﬁé’uqm daurfdads uagdiurugaitia lu
e Calibration §sanunsarnua Port léann Select port ndwINSMuATIAINLALED T
Configure cal. ierhmunisnisaeuiiioy Ssagldminaonugud 3.8 Tumiseiilfidonldss
aoULiBuLUU Air/Short/Water InglSinsvanasuifieufionnieifiennuazain uagldldn

“ o o

Insudmniuindnuaudiladidnasniduiuy High temperature Wit sngeulisudmsu

aou Ja T ° Syya a v ' a ° 1% ~ ) ag v
31U8UADUN DI Iﬂﬁ]uqmqfﬂ\ﬂ?ﬁﬂamwﬂﬂﬁﬁaQﬂau 30 U’Wlﬂauumﬂm’]mwanUQNMQﬂ‘M

9 Y
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' ¥ v
a a v dVLU a o 14

At Tunuddeillinivaugamgivesi wasdiidndnliedn 25 °C agladuinsgiui

9 9 Y

gauniiiAeniunndieg1meass na1RINAIAILEIUN 3.8 wad liaeeialnsuaseliving

9 Y 9

v
=] [

NN uYTEINAMilans JUN 3.9 nduliideniuy Perform Cal. 313348 Calibration 58

Y

= I3

unsalUsuNsuaaUiguauEse Msviwuuiielilusunsudnedudssansnsasyiou
Wawisuiveinia iendedwulavionun ([ = 1) ud3ldgunsal Short probe 1luiivn
Tnsumy §U71 3.9 uaena OK wisdeuiiieudnass Wewadaudalineniia Short probe oan

AsyL ULl UskNsUIAdUsEANSNsasY e uveInduilaaryiauiuaniu vsenAe

a

pAufidseanlUaziounduioma (0 = —1) nntulshiiaunguadiuh D fwFeulinm
U 3.9 wdang OK Bnafuiioaeuifieudnsouiiiafunmhnaindrdailonduas s
fanladidnmsn wazindutanladidnedniimliie wazannsonsraaougamgilddeds
feuthanfunedsde ielusunsusmniaiudiduanmsdeuiisunasndonldoy deu
nsldauiafanndauasislidninliuisnoundaninieanainuui elaldiAnnns

ARNALARDUTTIINGNIT I

Select an option from the list to start with Materials Measurement Suite. To show this
screen again, go to Preferences menu and select Measurement Methods.

[V Always show this screen at startup.

Description:

Transmission Line And Free Space Method [Demo] The transmission line method is a
Arch Reflectivity Method [Demo] broadband technique for
Resonant Cavity Method [Demo] machine-able solids. It puts the
Coaxial Probe Method MUT inside a portion of an

endosed transmission line.

g‘dﬁ 35 PN UAUYBIUTHATH N1500A materials measurement suite
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Perform Cal...
Set Frequency...
Configure Cal...
Refresh Cal...
Auto Refresh On
Channels...
Select Port...
U7l 3.6 Adenluiive Calibration
Calibration - Channel 1
Set Frequency |
Start freq #- |21 MEz =] Power [5 dBm
Stopfreq 185 [aHz -~ <] B ~J30 Hz
Num pts |201
(% Linear sweep
" Log sweep

| OK I Cancel

JUN 3.7 MIN8MMUATIAID MRS LazduIUATIn



58

Calibration - Channel 1 X
Calibration type | User Defined Standards |
Calibration type ————— Probe type
" Load/air/short " 85070A
@ Air/short /water @ High temperature
" User defined € Sim form
" Peformance
— Refresh standard type —

(" Ecal module
@ Ar Water temperature (C)
" Short

| 25
" Water

OK I Cancel

U7 3.8 v nuAIsNISARULNgY

U7 3.9 N15d0ULT B U217 A Open-end coaxial probe ¥ 1 @ High

temperature
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323 mawssudegisdndmsuiamauaudiladibngsn

nManIeufiog 1t ednaguauAladidna3nsaeaTa Open-end
coaxial probe WUy High temperature tuazfawhnisualiaideatouiiosaninadadn
fanwazfunsaFoenilidedunesufuasiiniutesienmaumsnsswinadals
wasidunaliranauiiladidnainiitalddanunamndoudniu iesrnisasieundui
znaneduagiiounduaniueduiiaziouludninlnssornia mavadnlunuddeils
yhmsuntmfeeiesunayulnsfesuil 3.10 mnduinindeusufiawmes (Fitten olild
wiaziBonuualndiAesiu s dedldvhnisuadneiaiuging q Aagldlummaasds
waziAvldussydnmiUauyusdsgud 3.11 wielkasanmlday uazdunuassing q wieds
wanuasutliifieussasdidnly iwudu udearudy

mawSeutninderionnaududnluniddesutdadddi D wautuinde
U3as (NaCl) Tudnsduresinainda 80 sl 20 Wosidust vieludnardau 4 de 1 dau
pUT 3.12 Tnsaldmanan uazeululnemsailosnnindolinuandifiazaneuldieun
s dudesrnunnufoudsorahlmfanisasmeveniild uazvlieududureniinge
Wasuly

Tudruresnmsnautundeadiluinagldmmaudndedundelusnsd 1
sio 1.5 Fududnmduiinedlideniuly warlivaniAulvauiowadui wimming
wansegfiagimstaromaudliiduileusugumgiises il furdey
uEdsresthuinAnqaaniladidnein msindaaandiladidnasnasldnvusldsandil
youuaned videlndiRsstumlnsuiitelinihdudassinsdnsuivTandonalvuuudafull

Ainnnsdueen wavauisanaliuiuld awnsagzudiegsnsinanuaudiladidnninues

F1aldmugun 3.13 Famsinanuaniiladidnainvestinanunsainmauantiladidannsn

v
o

Y9411 DI Mvihnsaeuisunsunilaliieduduaugndesvesnisaeuiisuilotninund

a =

AraanURAlndidnainiansameiieiUseudisulavalunuiuledang 9 wagddnadenn

a o ]

AautRlABLEnasnAvanvaegugll daty Debye (1962) ldaguraanuantalndian

Y

A3nveIaINaNNsh 3.2 lnefl €, AoAmsnilaBianniniiaanuiias & AoAnsfiladian

A3NTIANAAN Uag T AoA1 Relaxation time Iy Debye launuaAwnaninungamgil 30 °C

(9

A8 Ego= 4.6 Eg= 78.3 Uag T=8.07 ps ﬁwiw“lé’nm%laaﬂmﬁqgﬂﬁ 3.14 91n5UA9Na7

Y

anusahuUeuiisuaas 4 ldduulduaauand@ledidnasnveniasidnvazadie
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Aulunm drdriinesnunlilndidesiuervasyldindinnuiianaiainlusenitansaeu

Wievgunsalliinazanaindigunsalies vSaudusinnuRemaInandaglden (Human error)

€s—€c0

&r—j& = €o + (3.2)

1+jwt

U#13.10 wsasunayulns Mg

€N
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Ysuraunmsuauin

wazNAsludnIdIU 80 fa 20 Wosidud
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JUN 3.13 nyinennaeELdRlndidnn3nvesinanie Open-end coaxial probe

80
70}
Zeof
£
Z 5oL |__real part of
E complex permittivity
o 40F |-—imaginary part
a0
= 4
8200
10t
ﬂ e =T i ) S
10° 10" 10"
f(Hz)
U7l 3.14 ﬁwamauﬁ'ﬁlm%Lﬁﬂm'%ﬂsumﬁfﬂqmmﬁ 30 89A1INAUNIVBY Debye

(Zajicek, Oppl, and Vrba, 2008)
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33 &y

& &

ilevnluuniiagnandsnsiadagunsalinaigaautiladidnn3naiin Open-end
coaxial probe wagtduiiinuseinn High temperature Imaqﬂﬂifﬁﬁwﬁmiuﬂ1§§m¢'?ﬂﬁa /)
Insudmiuindnuaulilndidnnsn ta3es Network analyzer 1a3ospeufiaimes gunsal
dmsuldasuiiiou uarluuni danandanisnisldaulusunsupeufiannes N1500A

materials measurement suite Liten1saeuLisugunsallaggnadaiuindnaie dinldlunis

[ '
a a °

&19Befoti DI (Deionized water) ilosniduifivsimainusyy luduvesiogadnilay
vhuniarnuandiladidnein azhunualiaziBoadioed ssunayulnsmdsgaudaiun
nseseilawnod (Filter) Tldunanasifuneuinninilesannnsazindnaandiladidn
p3nFeWalnTuLUL Open-end axdewiliietnsTagladidnainfagiinnfnilnsseinia
toufian iiollAnauaaaindeuvesnduasiounduiiagianduinaaaadlasidn
p3nIndIYan uazernie Medndfinaufuiindessnausulusnsdiu 1 o 1.5
ilesnidusasdwimedlivillidnuiaduly viefaruuazinnauAulduidslinani
ssvesrladifinninluinudazaeiugiinrmunndnedaiulddney uaziundeiiinn

NANAUT Y0191 DI Wadfunasiusnsidiu 4 ¢e 1 vsenaundsadld 20 wWesidud
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Y] 1 a a a v = v =) S =
mimaaafmm‘lﬂamnmn%awnmazmaﬂ Y1IUAASLDYANANUILNED

v = 2 o v P o
BaZY1IUAUUUUNALLDYANFUUILNGD WSEJQJL‘U%'EIUWIEJUNami’m

4.1 nar
nsAndagUnsaidmiuin uazAsalusunsugunsalsinlufanisasuiisugunsal

(Calibration) uag3smsinaladidnasnaleinsesiotnAladiannsnuuyu Open-end coaxial

v
a

probe wliawyin High temperature Ju Keysight N1501A luundeuntiiiasgnianldinen

Y

AautRladidnn3nvesdn uwardvasuvuluunil lnedregvesdniiuninazgniun
uabiagtdeanouiieliinunzauiunsiafinuaud@ladidnnsndeiiinuuy Open-end
coaxial probe nMInaaasazuUeandy 2 Mdeldunnisinanuauthladidnainvesd

unaztBen uazmsinAinuaudiladidnasnvestilasuluunasiBeamemaiianisiiiy

& a = A

Unnde lnawatdanisiiudiniesduisnilaigiiuainuaudiladidnninvestnali

geuuld Fannnguiluuni 2 vlimuinvundessyinlinisiiuduvesainnaudfladidn

p3nvaatnluksazatenustullvngy Feazvhlddunaiuanuwansienule 919l

9

Tunsnaaesasiduaneiugvenusd 105 Wusmaniagldiduiningnuasududienisiidn

=

a1eWug o wnnan lnedafiuiunanazdl 4 aneiuglawn Travenuny 91ne 79 41

9

[

funlan uazdhaianly Gedhaits 4 aeiusarludniitomiuasutuiuivenuza 105
\esnanantAnig o Wusiiign anuyuadtetiaventzd niefiguing uagvuiad
TndiAvsfurivinvonuyd dasuvadudnifinuzsouu 2 s Tduatrveuuyy uazdh
Ny 79 diddnvazuds 2 wug Teundnfivalan wagdhuanl
madiudindelfifiumaialunisaseseuagyinliifuauuansswe g aau s
ladidne3nundunuarududuaamged wilueuidedazldiundedianududu 20
Wesidud iesanidudadiuilitudugauddslsifgadudvesnisiarats uazdsamisn
naufutunasdonauduidedentuld (Homoseneous) Inedasdruvosiniunasisen

#oULNED Ao 1 Mo 1.5 39929 F108199INAN NN LA SN YLD ULaT NN aU R U
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nslgeuiuaIeeiloTaluu Open-end coaxial probe ¥finwaTa High temperature 7 bl

#99N15 1111999199899 FNAIDE 1N BAAANURANAIATLANIINNNTIA

mytnrmauandiladidna3ndniunasden uazdnlasuvuunasBeanauiinge
zandunIIHIUlUTUNT Keysight Materials Measurement Suite 2016 #19819Mnaday

nsinlilugaumgiviesnauussunn 30 wiil Welvidsgmaasdlausugamgdlvindu

a v ~

a aaumgivies (25 °C) edesiurnuianaiavesrinaautalididnasnilaainnisinnn

P ac °o o

gamqil Wesanaamgifduniduladuddgiiiianisdsuulawesiinuauiflad

U <

WBnesn ens1aruveatnvasuiulunisveasaiiazed 10 20 30 40 was 50 Wosidus was

Y

Tunisimazyinviinisifiuailaainnisia 10 ﬂ%ﬂLLé’aLaﬁaLﬂumqmﬁw

[Y) 1 A a a a v =
4.2 ﬂ’]'i’mﬂ']ﬁ!mﬁuﬁﬁlﬂaLaﬂﬂiﬂ"llaﬂ"u"l’mﬂam’élﬂﬂ
421 fRuantRladidnesnuaslnunanden
FuUsoufisudnuvazaandadnildlunivnase awWiuiivuin 8 was

sunsagdanulndlaeaiuannaunensisaildeenaugui 4.1 dniudadenldisnsiaasy
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A A £ 1

serauautiladidnain ludiuiei esdleindrquandiladidnninildlunuidedidu
Ussiomiidadlddogneiifiung vesiififiaudou vieveanan dnfudafestihinualiianden
nou mavnaesinadausnazdunistadiasiilndidnndn (Dielectric constant) kagAIN1S
g dulnBidnndn (Dielectric loss factor) vasd1avta 5 anewugldutinouuzd 105 41
wenunu 4mnv 79 dnfiwalan wazdhaaili lnedumsasaasugindiusazaneiugasdl
AaaautAladidnadniuansaiuviell GatewihnmsinanaeudAladidnedn linnaswi
ms¥amanuuludldaumsnd 4.1 awduialiinueuiuludmasiiailngifestu
wnfiuszann 8.4 Wosduilnsaziifesimvoutyuiifautuegd 82 wWosidud e
uanesfutesnniflosnannisunadnandunsusuliamudulusdadnsaveeenluau
WdeUagUIn (Cheng, You, Lee, Abbas, Rahim, Khor, Zakaria, and Lee, 2017) wazdaay
TndiAssiu VilsdadgmidesnnudulivhiusesiiegsitarinniamauanFladidnesn
1§ ndandnnuautilndidnnsaudiazldnaniugui 4.2 Fadunaiiléannsiaaie

o o

Vavan 10 ATRziuIsAaeladianesn (dusaiiie) uazAnisgaydeladidnnain

s 1 a

(FuUsy) 19919 uSEN 9 azdanulnalAssiueg1einn wazdaiAsut ety TngaAgd
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lpdidnn3nvesdnivzeglugae 3.09-3.83 uasAnisgadeladianainvesdinnazaylugag

0.03-0.61 Wintu Tu19v99Aud 200 MHz — 1 GHz @ wsuainailadanmsnazdansLiiui

Wiepudawuasiivuilduiiaziaianas Tuvaeiainisgydeoladianainasiiuvuiliuiioed

1%
= [

ALTINTY SdunansnvesrAInladiana3nluguil 4.2 siuindnang 79 asfinnuunneng

6

n1tindunniigalagaziaiosnign uwidnagldmnuuanasillunisasivaevaieiiug

7

(9

Favihldenunluduinnssumszainiladdnasnvesdnluwsagiugiaiumiiu

1%
o =

wedlundnmaiouwintgu ludiuvesrinisagdaladidnainiugmiousziiniuunneine
WopnnazumuazinAuEae AeludnagnssdeumuunnaverInuaulRladidna3nly
MINAaBdLINIgNENBLINIIAMaNTRLABIaNA3NvITILRara e TUTUTAINA LAY

dunalagniilasaniantesunn

(a) vouuzd 105 (b) vienuva (c) N 79 (d) Wealan (Al

M15NT 4.1 AnuduveItIIURazdeausartia g

wiiaWugd1a AU
1ivieued 105 8.4%
Trvieu Uy 8.2%
413 Y 79 8.4%
miiwadlan 8.4%
el 8.4%
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4.5 -
4.0 4
35 \
& 3.0 -
5
= —— Jasminel05 - - - Jasminel05
= 2.5 4
2 2.0 —— Hompathum - -— - Hompathum
bt Y
%‘é —— Gorkor79 - - - Gorkor79
a 1.5 A
—e— Phitsanulok - —e - Phitsanulok
1.0 -
—e— Saohai - - - Saohai
0.5 A _____._.--.sgs—&::.n
_—Fe—--o-n.-o-"'
0.0 =7

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
——Jasminel0S 3.76 3.62 3.51 344 340 337 329 318 3.19
- -— - Jasminel05 0.03 0.23 028 030 038 042 0.51 0.59 045
—— Hompathum 3.76 3.63 352 344 340 337 329 319 3.19
- --- Hompathum 0.05 0.25 0.28 030 038 043 052 059 046
—— Gorkor79 3.63 351 341 333 330 327 319 3.09 3.09
- - - Gorkor79 0.04 024 027 028 036 040 0.49 056 0.44
—— Phitsanulok = 3.83 3.69 | 3.58 | 3.50 346 343 335 324 3.24
- - - Phitsanulok 0.05 | 0.26 0.29 032 | 041 045 0.53 0.61 0.48

—«— Saohai 3.81  3.66 3.5 | 348 3.44 | 340 332 321 322
- - - Saohai 0.05 025 029 031 039 044 053 061 047
Frequency (GHz)
U 4.2 AR aautRladiann3n (Dielectric properties) 1039 17Unazidun Taeidu

sellloaunuAAsfiladidng3n (Dielectric constant) uaztdulssunuansagdeladianesn

(Dielectric loss factor)

4.22 Aeseinan1sinaladidnssnvestniunaziden

d1aglimseianuunndtluglvesdnndiulaeinualidnmennsdidu

v v a

£%4 P 3 = ] v ! S
191994 22 lAKaaNUIMINA15197 4.2 9 nans1eazilunisuananisidSeuiisusnsndiunia

AAafilaBiane3n (Dielectric constant) uarensaaydeladidnasn (Dielectric loss factor)

v
@

99UNMNANUDAA 200 MHZz 2ude 1000 MHz IagiilaazyinnisilSeusisutduns v agiie
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AndudesuuinsgIu (Standard deviation) it 1 wWesiduddaduAissiianainiu
Taa1nilnsuuu Open-end coaxial Keysight N1501A %l High temperature Aiagvinlodl
mMsAaaAaauaInnINdIala Tuasieaglddriventsd 105 Wudoedadlesanlunisnaaes

solUazlddniveunzd 105 Wutnudnlunisviidnvasulu wazdnio198s

dewlSeuilsuansiladidnesnuestanenusd 105 sethaiuddu q i

MAanladidna3nvestnveuuzd 105 Awindudivenunufinaud 200 uag 1000 MHz

a

1Ag917 N 79 TAAIN LB LENASNL 08NI1T1INeUNLE 105 Useuiu 3.46 way 3.16

Wesidudfiaud 200 uag 1000 MHz auddy Tuvariidnfialan wazdrianlidarni
ladidnn3niannnindvenszd 105 Tagdnaivalaniidiasiladidnsdnuszana 1.86 uay
1.57 Wesidudfiaaud 200 war 1000 MHz Awddy daudaanlidrinsiladidnasn
Uszanad 1.33 uaz 0.94 Wesiudiianud 200 wag 1000 MHz mudy sgiiuindasitlad
\d@nnsnveadn v 79 leifisududnivenszd 105 szdianusstuniniigafiuinnda 3

Wesigudluvaendriuddussaeiuldiiu 2 Wesidud

widlawSeuifisuanisagdeladianninvesinanenusd 105 set1iiugau

]

I3

9 ufinud 200 MHz danuunnanvesdimsgydeesiunnlefisuiluosidud

a

Tngdnmenuna d1afivadlan wazdnabifiaanisgadeladidnasnunnnindivenusd
105 Uszanas 66.67 Wesidust uazda nu 79 fidwnnnia 33.33 Wesidust Tuvasdiaaud
1000 MHz $haveudny Tafiwadlan wardnabiiannsagdaladidnasnunnindriven
uzd 105 9g#l 2.22 6,67 waz 4.44 Wesludmudiu drudn nv 79 dedesnitthiven
uzd 105 2.22 Wosldus nwaniswSeuiisuibiiuiteinisgadeladidnssnazaiunse

insaniieldnsndeuaieiudtalaaninfianuden uilegirdiaraziivitany

9

v
o

wansnsvesinIsgadeladianasniiduauszanns 0.01-0.02 Wiy

astiudloasuldindiwiaraneiudlnnuuandnsiuvesiauaudiladibn

9 9

m3n Fanamsadlandnnennzaniinistasuduimseziienauaud@ladidnasnfiuansg
sonluandrmenusduninie uazlunisveaesdnluasinisldnaiamiudnly Fehfents
dudindednluneunsveasaiieluifiuanuandfladidnainvesdegnstaliunnndu wae

HUAMUANUDIAN LA BENASNYeITIMeNNEE 105 UssuUulilaisuiutniveuusa 105 Alg
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81983 lnganansinaziiunan sl dauvesrnuautiladidnasniovinisilSeuiieu

Tnganzan1sgadauladidnasniiaudsn

M3 4.2 Wisuileudnsanauaudladiane3n (Dielectric properties) ¥84

Junazdendnsuldlunisnaass

Ananladianasn (Dielectric

Ansgaydeladiangsn

Constant) (Dielectric Loss factor)
Mean + SD 5
AUa (MHZz)
200 1000 200 1000
F1aviouuLd 105
- 3.76 £ 0.0376 | 32.19 + 0.0319 | 0.03 + 0.0003 | 0.45 + 0.0045
unazLaen (A)
F1vianUny
- 3.76 + 0.0376 | 3.19 + 0.0319 | 0.05 + 0.0005 | 0.46 + 0.0046
unasaan (B)
419 nY 79
- 3.63 + 0.0363 | 3.09 + 0.0309 | 0.04 + 0.0004 | 0.44 + 0.0044
unasaan (C)
P13iunylan
- 3.83 + 0.0383 | 3.24 + 0.0324 | 0.05 + 0.0005 | 0.48 + 0.0048
unaztagn (D)
Frnald unaziden
® 3.81 +0.0381 | 3.22 + 0.0322 | 0.05 + 0.0005 | 0.47 + 0.0047
E
wW3guisy (B) NU YNNI =~ 1NN ~
(A) (%) 66.67 2.22
wW3suwiay (C) nu $punI ~ $puNI ~ 1NN ~ TpunIN ~
(A) (%) 3.46 3.13 33.33 2.22
wW3suwiau (D) AU 11ANIN & 11ANIN & 1NN ~ 1NN ~
(A) (%) 1.86 1.57 66.67 6.67
WSeuwieu (E) nu 11NN ~ 11ANIN ~ 11NN ~ 11NN ~
(A) (%) 1.33 0.94 66.67 4.44
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4.3.1

nsiamanauURladianasnvasinilasnluunaziBeanauinga

Uasuvuiutrvenuyulugnsndiumig 9
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ArnandAladidnasnvesdinmvennsd 105 wWisuieuiudhimeuned 105

1400 - —— Hompathum 10%
o - —— - Hompathum 10%
N —— Hompathum 20%
1200 { o p
00 ‘\\‘\ - -« - Hompathum 20%
‘\\‘\\\ —— Hompathum 30%
I 1000 3}\\\\\\ - - - Hompathum 30%
g \{\\\\\\; —— Hompathum 40%
3 800 \§§\\ “\\\ - —— - Hompathum 40%
= \\\;\ RN —— Hompathum 50%
E 600 1 N :\\;\ R - -~ - Hompathum 50%
e \\‘\\:\‘ NS —— Jasminel05
2 Xyise T - - - Jasminel05
= 400 - R R P I
B S T
200 - TSN
=
0 J S
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
—— Hompathum 10% 110 73.2 | 59.5 519 474 44.1 19.6 284 325
- -~ - Hompathum 10% 1010 674 495 402 336 290 300 253 | 218
—— Hompathum 20% 109 | 73.2  59.7 519 47.6 44.2 185 28 324
- -~ - Hompathum 20% 1040 692 508 411 345 298 309 260 224
—— Hompathum 30% 118 @ 784 63.7 @ 554 50.7 472 179  29.2 | 34.2
- - - Hompathum 30% | 1130 748 548 444 372 321 338 282 243
—— Hompathum 40% 125 | 82.8 67.1 582 53.3 49.6 14.8 29.5 35.2
- - - Hompathum 40% 1240 821 599 485 406 351.! 376 311 266
—— Hompathum 50% 131 855 68.9 59.5 543 504 11.6 284 35
- -~ - Hompathum50% 1310+ 866 @ 631 511 - 427 369 400 329 | 281
—— Jasminel05 107-71°73.2 | 60.2/ 52.8 484 452 229 30.7 34.2
- - - Jasminel05 978 650 478 388 325 281 | 289 244 211
Frequency (GHz)

U 4.3

nan13inAnuauURladiann3n (Dielectric properties) 183184

drvienygd 105 wWisuwigududniveuusd 105 Yasuduiudniveuunuideldinaianis

Windnae lnedusawoannua1nenladranasn (Dielectric constant) hazldUUIEENUAT

ﬂ']'igiglﬁalm@l,ﬁﬂm%ﬂ (Dielectric loss factor)
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F991NN15NARBINM9ARIATI91INA5UaNUUT M et uasliazvinlvwe
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WSHULNBUILLAUNATALAUNINTA
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gANANANT WAz

£

finnsandeainsagdeladidnesn

WwABTsuARuENTRlnBdna3nld Tnans

—— Gorkor79 10%
- - - Gorkor79 10%
—— Gorkor79 20%
- - - Gorkor79 20%
—— Gorkor79 30%
- - - Gorkor79 30%
—— Gorkor79 40%
- - - Gorkor79 40%
—— Gorkor79.50%
- - - Gorkor79 50%
—— Jasminel05

- - - Jasminel05

1400 -

1200

2 1000 -
3
(=N

e 800 -
(=9
2
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E 600 -
2

= 400 -

200

0 J

—— Gorkor79 10%

—— Gorkor79 20%

- - - Gorkor79 10%
- - - Gorkor79 20%

LN —<— Gorkor79 30% - -+ - Gorkor79 30%
AR
oy, —— Gorkor79 40% - -= - Gorkor79 40%
AR IAISN
‘\\ XN —e— Gorkor79 50% - -+ - Gorkor79 50%
AN \\\\\\\
WY —— Jasmine105 - -e - Jasminel05
_—
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
113 759 62 541 49.6 463 204 30 34.2
1060 | 703 516 @ 418 350 302 315 264 228
117 | 779 @ 63.3 55 504 | 469 17.6 289 339
1130 '« 749 | 548 @ 444 | 372 321 338 282 243
126 83 67.1 58 53.1 @ 494 16 295 | 35.2
1220 805 | S88 476 | 399 @ 344 368 305 261
128 844 68.2 59 54 50.3. 14.8 29.7 355
1260 832 606 491 411 355 382 | 316 270
132 | 865 69.7 60.1 55 511 129 293 356
1310 ~863 629 509 426 368 399 328 280
107 732  60.2 528 484 452 229 30.7 342
978 @ 650 478 388 | 325 281 289 | 244 @ 211
Frequency (GHz)

Ul 4.4

nan1sinAnuaRladiana3n (Dielectric properties) 183134

Y1vieuNEd 105 WiguWiguiutviedurd 105 Yasudunudnd na 79 Webinadanissig

’; = £ 1 = 1 ~ a a a . . v 1
Unde lngldusolilownuainenladiannsn (Dielectric constant) wagtduUsswnUAINg

goudelndianm3n (Dielectric loss factor)
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1200 1 —— Phitsanulok 10% - -= - Phitsanulok 10%
—— Phitsanulok 20% - -+ - Phitsanulok 20%
1000 4
;\ —<— Phitsanulok 30% - -= - Phitsanulok 30%
\\\
g so0 { W —— Phitsanulok 40% - - - Phitsanulok 40%
L \
3 N \i‘\\\\\ —— Phitsanulok 50% - -+ - Phitsanulok 50%
=" N \ A3
2 600 4 \\\‘\\ {‘\‘\\—0— Jasminel05 - - - Jasminel05
- ANY \\\\\\
% \:\ ~ \\%:\\:\\\\\
E 400 - N \\\&\ \‘1*\}\}\\‘t
¢\\\tNZ::g_:-:-:-:t:\:.:% —
200 e T
e
\
0 - ~—
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
—— Phitsanulok 10% 109 74.1  60.6 529 485 453 219 30.2 338
- - - Phitsanulok 10% 999 664 488 396 331 286 296 249 216
—— Phitsanulok 20% 106 = 72.5 59.7 523 48 449 242 31.2 342
- - - Phitsanulok 20% 939 625 , 460 | 374 313 271 277 234 203
—— Phitsanulok 30% 103 = 71.1 | 58.7 | 51.6 47.4 443 248 312 33.9
- - - Phitsanulok 30% 906 603 | 445 361 303 262 267 226 197
—— Phitsanulok 40% 89.2 64 53.8 478 | 442 41.6 289 321 333
- -+ - Phitsanulok 40% 741 492 | 363 293 244 210 204 175 154
—— Phitsanulok 50% ' 60.2 @ 37.2  29.6 24.8 223 206 35 972 13.1
- - - Phitsanulok 50% 695 @ 466 | 346 281 236 205 203 174 153
—— Jasminel05 107 | 73.2  60.2 528 484 452 229 30.7 34.2
- -+ - Jasminel05 978 @ 650 | 478 | 388 325 @ 281 289 244 211
Frequency (GHz)

a

sUil 4.5

a

nan1sinAnaEIiRlaBann3n (Dielectric properties) ¥04917983

Y1vieNNLd 105 WSguigunut1Ivienusd

105 Yapuduiutifivalanideldinaiianis

Winnde Tnardusatilaanuainsnladidnnsn (Dielectric constant) kastduuseunuan

nsgeydeladiannin (Dielectric loss factor)
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Aeulasfitdnaliuivasuvuiudaneunsd 105 ludadau 10 20 30 40 wag 50
Wesi§udmuaau Feiaanliuvasuvuiudnveuusd 105 dansdiladidnasnfiaaud
200 MHz 106 109 112 114 way 119 muadu lnawdaiusoudfisuiudinilndifnnsn
futveunzd 105 $19847idA 107 azwiuindlauuandisdutiosunn wazfiaud 1000
MHz tosfilrnuunndnsesmnsiiladidnnsndranldnvasuduiudmeunsd 105 s
10-50 WoasiudiUTeuiiisuiudnivenusd 105 §r98atiosnniuiuy amnsagniinlaniy
SU# 4.6

wiidlefiansananisgadeladidna3nagladni 200 MHz d1aveuwsd 105

6

Uasuduiudrauanls ludndau 10 20 30 40 way 50 Wasidus azdla1 980 1030 1080 1130
waz 1180 audsu ilewSeuiisuiutiavenusd 105 §19897idian 978 aiiuindaany
uansnsvesrnsgaudsladidnniniiuviedesfinsasududndauannnii 40 wWesidud
Tuvnigiiannsaadeladidnninvostimennzd 105 Yasuuufudaalifianud 1000
MHz Sldwindu 212 221 232 242 waz 253 auaidu dadiewieudisuiu 211 fudrmen

128 105 9198978A1 21192 TIUNEIANULANANAUAD LTI 0

MnuaNIIMAaD e eyl fuentaa1n1gnavanutUaenUuf 1267
anautRladidnainannsoldlasnislimadamadudundediludieduaussose
AauanlRladidnn3nvesimudaziug uinismsadevaziiunataausnniigadifionsuni
A uazfinnsandeansgapdeladidnsdnaziiussansnimannindneiladidnesn
Snviednuasuuy iefinsudluvinaiiinnagiilfenuunnisueseanaudilndidnasn

Fasnauunngnludn
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—— Saohai 10%
- —e- - Saohai 10%
—— Saohai 20%
- -+ - Saohai 20%
—— Saohai 30%
- -+ - Saohai 30%
—— Saohai 40%
- -+ - Saohai 40%
—— Saohai 50%
- - - Saohai 50%
—— Jasminel05

- - - Jasminel05

1400 -

1200

= 1000 -
3
(=N

e 800 -
(=9
2

E 600
2

= 400 -

200

0 J

—— Saohai 10%
—— Saohai 20%

—— Saohai 30%

- —e - Saohai 10%

- —e - Saohai 20%

- —e - Saohai 30%

AR
RN ——Sa0hai40% - - - Saohai 40%
RN
\ng ——Sa0hai 50% - -~ - Saohai 50%
\\:‘\:\:’%:::\\ e Jasminel(05 - -« - Jasminel(5
e =
S e Sy
.
0.2 0.3 0.4 0.5 0.6 0.7 0? 0.9 1
106 72 59.2  51.8 47.6 445 21.8 29.8 333
980 651 479 389 325 281 290 244 212
109 741  60.8 53.2 488 456 21.2 30 33.9
1030 681 500 406 @ 340 293 304 256 221
112 758 @ 621 | 542 498 46.6 199 29.8  34.2
1080 715 524 424 356 307 321 269 232
114 76 62 53.9 | 49.4 46.1 16.7 28 33.1
1130 | 747 547 442 371 320 337 281 242
119 79 643 558 51.2 477 16 28.4 34
1180 | 781 571 462 387 334 355 295 253
107 | 732 | 60.2 528 | 484 | 452 229 30.7 | 34.2
978 650 | 478 388 325 281 289 244 211
Frequency (GHz)

a

U7 4.6

nan1sinAIRuaNURlnBdna3N (Dielectric properties) ¥a31Iv83

YveuNEd 105 Wisuisuiutivienuyd 105 Uasudunudailimileldmadaniswiig

ynnde lnsdusollaawnuriasfladiannsn (Dielectric constant) kagldUUTELNUAINT

goudelndidne3n (Dielectric loss factor)

435

1za 105 Yasuly

INN1SNAFBINBUNTN RV AN IUUSEENS AnNIsAIRER Ut U asNUulae

Fps1ernan1sinaladiannsnueativenuya 105 WSsusuiutIvey

T¥nslseuiisuanladidnnsnlagaziiuinfnanud 200 MHz TUEiuAMULANAI9INAY
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lupnsneil 4.4 azdunmsiSeuiiisuanusieaiasiladdnesn wagains
goydeladidnainvestnivenuyd 105 Audrieuusdvasuduludnadi 20 wWesidud oz
WIuIERiNsaInAniilaBianasnfinud 200 MHz sxfiiiieadivienssd 105 Uaoudu
Ui nY 79 Wihtiufiamnsansivaeulainaueng 9.34 Wesidud uagil 1000 MHz vl
igsnsUasuvuiudnmvenunufifiniusing 5.26 Weosdud luvneiifieinnsananainig
a ad a @ o YA 1 1%
goydeladidann3n asiuiausansaasuinvasululdidelimsvasulutivenuyu 413

v 79 wardafivadlan Wesndniuanuuaneuinndy 2 Wesidud Jsdneuusd 105
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Uasutuiu 917 nY 79 aiianuuandisnnfigailaisuiieuiutniseddaeiiaiiusig

11089 15.54 uag 5.17 ‘ﬁﬂ’l"lllal 200 tag 1000 MHz aud1au

Mnnmsissuiiisudinsdiladidnein wazAinisgadeladinainvedves
Frveunrd 105 Audnivenuzdvasuduludnsndiu 30 Wesidudfiuandlunisnad 4.5 a8
Fiuidiansanineiasiiladidneind 200 MHz avanansanmvdeuimuasuuldvmun
1nMsnaaeslaefinuuanA1esErideNuyd 105 Uassdududvenuyy wagdn
v 79 \gufuinndeazifiuniuunnsiisegstauanni 10.28 way 17.76 Wedldus
AU UsiEg7inmA 1000 MHz awifiudilifissinivenszd 105 Yasuuududn nv 79
wihifuftaunsansaaeuldanauunndng 2.92 Wesifud luruediileRansanandini
adeladidnminaziiuinanunsaneaeuinnUasuduliniedisiianmaass Tasil 200
MHz aglannuunnsnavesrnisgapdsladidnninvestniveuuyd 105 Yasuuuiviiven
U 417 ne 79 dmfivalan wazdnialfiuoudisuiuinngnideegd 15.54 24.74 7.34
uay 10.43 Wedldudmud iy wagiianud 1000 MHz agldmnuunnsnsvesAn1sgnde
lodidna3nvesdnivienuyd 105 Yasuvufiudrvendny 417 nv 79 drafivalan wazdrian

WUSeuiiuiudndnedeegil 15.17 23.70 6.64 uay 9.95 Wosdudnua1fu 2z

ANURAzdANULANAdaIuNIIAINDES

9137 4.6 1unsisuiiisuainsiladidnnin wazAinisgadeladian
A3nvesesireNuzd 105 fudimeunzdvasuiuludnsiadiu 40 wWesidud 9nn1519ay
Lﬁudmﬂéf’sasmﬂﬁmmaaﬁgqﬁmmﬁ 200 waw 1000 MHz fanauansnsvesiiarnsiladidn
#3n wazn1sgandeladidneiniininndn 2 Weswus Suhildaguldilusasduasuuy 40
Wesidudanunsansnaeuldviamn Inewdlofansananeinsiladiinasniianud 200 MHz
wiliegmeansifamuandaiuing1sdaiu 10 Wedldud 3 fedde d1mewnsd
105 Yassdufiutnvendny 413 nv 79 wag d1afiwailan Falimnuuandnaeg 16.82 19.63
uay 16.64 Wesldudmudiu Fsiedndunnuunndnsfideudrann uazilofinnsanien
msgdeladidnesn aiuindaruuandisinmadieuiieudu 10 Weddudiomn Tae
fimnudl 200 MHz axfimmsgaydeladidnsinvestimennzd 105 Uassududnivenuna
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15.54 Wasifudnuainu wazdl 1000 MHz fanuunnaisainnisilieuiieveyi 26.07
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MHz agfimnuuansnsainmsiseuiiguagisnnlagamedivieudsd 105 Yasuduiudn
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Wesidud wazidlefiansaniianisgandelndidnainaziuinfiaanud 200 MHz agiiana
wansavesrInIsgaydeladidnasnainnisiuSsuiisudnivenusd 105 Yasuduiudimen
Uny 41 nv 79 dfivaglan wazdranld fudivesusd 105 $1e8eegdl 33.95 33.95
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28.94 way 20.65 Wosiduanua1AU F98AMULANAILINNTT 20 LWasiudnndiegne wagi

9

AN 1000 MHz fiauuand1avesrinsaadeladianasnainnisuieuiiousyn 33.18

32.70 27.49 uay 19.90 Wesiduanua1qy F98muwAnAIIiUegADUT NN NOANAITUA
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NMTIATIZINSUT sULTo U519 4.3-4.7 azaunsaasUlein
awnsaldnsilSeuiisuainuaundfladidnainlunisasideudvienuzd 105 Yasuduld
wigestinislimedaifiufudielilanuuandesinudazaeiusinnty wagenidedls
T¥nsdntunde nnmsinsgiiilimamuihmanaaeudnvasuusemalisudeu
AnnautRladifnesnty dennufsnesiivssansamitaniianuigaininuisuieude
Anaiiladidnein warAnisgayideladidnedn widnusudisuszrinaiaaesdn asdtuina

msggydeladidnainvziiivasidudanuunnsisiuinninmaimladidnasn waznsnsiadeu



81

T1veungd 105 YasuluardanudniaunniudindnisUasuduvesinaeiugouasiyly
dndufinnyu (@unsagnsmuu Scatter plot luguuuuwnuanud Aasiladidingsn uax
Ansgepdsladidnnin veatinennsd105 Aut1ieunsd105 Yasuuudaus 10-50

Wesidus iindnldluzui 4.7-4.11)

M13199 4.3 Wisuifsudnadiurnuantfladidanain (Dielectric properties) 184

Frvenuzd 105 Audvenuzdvasuduiuiniugduludnsidn 10 Wesidud

Ansiiladiinasn (Dielectric An1sgeydeladianesn
Constant) (Dielectric Loss factor)
Mean * SD 3
Aua (MHz)

200 1000 200 1000

dravauuzd 105 107 = 1.07 34.2 +0.342 978 + 9.78 211 + 2.11
91984 (A)
Yaaulunud1nvay 110 = 1.10 32.5 +0.325 1010 + 10.10 218 + 2.18
Unu (B)
Uaaulunudn nv 113+ 1.13 34.2 +£0.342 | 1060 = 10.60 228 + 2.28
79 (O
Uasudunudng 109 + 1.09 33.8 + 0.338 999 + 9.99 216 + 2.16
fwaylan (D)
UaaudunudaLan 106 + 1.06 33.3 + 0.333 980 + 9.80 212 + 2,12
1% (B)

wW3suwisu (B) AU 11NN =~ HUounin = 11NN ~ 11N ~

(A) (%) 2.80 4.97 3.27 3.32
wWisukiigu (C) Au 11NN = 11NN = 11NN ~

(A) (%) 5.61 ) 8.38 8.06
wWisuiisu (D) Au 11NN = Hounin = 1NN = 11NN ~

(A) (%) 1.87 1.17 2.15 2.37
wWiguisy (E) Au Uoenin ~ Hounin = 1NN = 1NN ~

(A) (%) 0.93 2.63 0.20 0.47
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M157197 4.4 Wisuifleudadiuainuaudfladidnnin (Dielectric properties) 184

Franeunzd 105 Authimeunzdvasuduiudniugauludnsdi 20 wWesidud

AnsilnBidna3n (Dielectric Ansgaydeladianasn
Constant) (Dielectric Loss factor)
Mean £ SD 5
Aua (MHz)
200 1000 200 1000
d1avauuzd 105 107 + 1.07 34.2 + 0.342 978 + 9.78 211 £ 2.11
81984 (A)
Uaaulunut1nvay 109 + 1.09 32.4 +0.324 | 1040 = 10.40 224 + 2.24
Unu (B)
Uaaulunudn nv 117 +1.17 33.9 +0.339 | 1130 = 11.30 243 + 2.43
79 (O
Uaaulunudn 106 = 1.06 34.2 +0.342 939 + 9.39 203 +2.03
fwaylan (D)
Uasudunudnaen 109 + 1.09 | 33.9 +0.339 | 1030 + 10.30 | 221 +2.21
1% (B)
wW3suwiay (B) Au 11NN = Hounin =~ 11NN = 11NN =~
(A) (%) 1.87 5.26 6.34 6.16
Wisusiey (O) A | | o Wosnin ~ Wy Rty
(A) (%) RN 0.88 15.54 15.17
wWisuiau (D) Au | teenin = UounIN =~ Hounin =~
(A) (%) 0.93 | 3.99 3.79
wWiguisy (E) Au 11NN = Uoenin ~ 1NN = 1NN =
(A) (%) 1.87 0.88 5.32 4.74
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M15197 4.5 Wisuileudadiuainuaudfladidnnin (Dielectric properties) 184

Franeunzd 105 Auihimeunzdvasuduiudniugauludasdi 30 wWesidud

' A a s a . . ' = ac a
A1AsNlABLaNASN (Dielectric Ansgaydeladianasn

Constant) (Dielectric Loss factor)
Mean = SD

AuA (MHz)
200 1000 200 1000

f1aviounza 105 107 + 1.07 34.2 +£ 0.342 978 + 9.78 211 £ 2.11

81994 (A)

Uasudunudnivieu 118 + 1.18 34.2 +0.342 | 1130 + 11.30 243 +2.43

Unu (B)
Uasuduiudiany | 126 +1.26 | 352+ 0352 | 1220+ 12.20 | 261 + 2.61

79 (O)
Uasuduiudig 103 + 1.03 | 33.9+0.339 | 906 + 9.06 197 + 1.97

fwaylan (D)

Uasudunudnaen 112 + 1.12 34.2 + 0.342 | 1080 + 10.80 232 + 2.32

1% (B)
wW3suwiay (B) Au 11NN = 11NN = 11NN =~
(A) (%) 10.28 : 15.54 15.17
wWisusiieu (C) Au 11NN ~ 11NN =~ 11NN =~ 11NN =~
(A) (%) 17.76 2.92 24.74 23.70
wWisuiau (D) Au | teenin = HUosni ~ UoHNI ~ Hounin ~
(A) (%) 3.74 0.88 7.39 6.64
wWiguisy (E) Au 11NN = 11NN = 1NN =

(A) (%) 4.67 10.43 9.95
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M15197 4.6 Wisuileudndruainuaudfladidnnin (Dielectric properties) 484

Franeunzd 105 Auihimeunzdvasuduiudniugauludnsdi 40 wWesidud

Annanladianasn (Dielectric

Ansgeydeladianasn

Constant) (Dielectric Loss factor)
Mean £ SD 3
Aua (MHz)

200 1000 200 1000

d19veuNzd 105 107 = 1.07 34.2 + 0.342 978 + 9.78 211 = 2.11
81994 (A)
Uaaulunud1viay 125 + 1.25 35.2 + 0.352 1240 + 12.40 266 + 2.66
Unu (B)
Uaaulunudn nv 128 + 1.28 35.5 + 0.355 1260 + 12.60 270 = 2.70
79 (O)
Uaaulunudnn 89.2 + 0.892 33.3 +0.333 741 = 7.41 154 + 1.54
wwaylan (D)
Uaauuunudaen 114 + 1.14 33.1 + 0.331 1130 + 11.30 242 + 2.42
1% (B)

wW3suwiay (B) Au 11NN ~ 11NN ~ 11N =~ 11NN =~

(A) (%) 16.82 2.92 26.79 26.07
wWiguwigy (C) nu 11N =~ 11N =~ 11NN =~ 11NN =~

(A) (%) 19.63 3.80 28.83 27.96
wWaeuiigu (D) Au Uounin ~ HUounin ~ UounI =~ Uounin ~

(A) (%) 16.64 2.63 24.23 27.01
wWisuiieu (E) fu 11NN =~ UBAI ~ 11NN =~ 11NN =~

(A) (%) 6.54 3.21 15.54 14.69
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M15197 4.7 Wisuileudndiuainuaudfladidnnin (Dielectric properties) 484

Franeunzd 105 Auihimeunzdvasuduiudniugauludnsdi 50 wWesidud

Annanladianasn (Dielectric

Ansgeydeladianasn

Constant) (Dielectric Loss factor)
Mean £ SD 3
Aua (MHz)
200 1000 200 1000
d19veuNzd 105 107 = 1.07 34.2 + 0.342 978 + 9.78 211 = 2.11
81994 (A)
Uaaudududives | 131 + 1.31 35 + 0.350 1310 + 13.10 | 281 +2.81
Unu (B)
Uaaulunudn nv 132 + 1.32 35.6 = 0.356 1310 + 13.10 280 = 2.80
79 (O)
Uaaulunudnn 60.2 = 0.602 13.1 = 0.131 695 + 6.95 153 + 1.53
wwaylan (D)
Uaauuunudaen 119 + 1.19 34 + 0.340 1180 + 11.80 253 + 2.53
1% (B)
wW3suwiay (B) Au 11NN ~ 11NN ~ 11N =~ 11NN =~
(A) (%) 22.43 2.34 33.95 33.18
wWiguwigy (C) nu 11N =~ 11N =~ 11NN =~ 11NN =~
(A) (%) 23.36 4.09 33.95 32.70
wWaeuiigu (D) Au Uounin ~ HUounin ~ UounI =~ Uounin ~
(A) (%) 43.74 61.7 28.94 27.49
wWisuiieu (E) fu 11NN =~ UBAI ~ 11NN =~ 11NN =~
(A) (%) 11.21 0.58 20.65 19.90
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Frequency GHz Dielectric_loss_factor Dielectric_constant
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Dielectric constant

AUUUT (mm)

15 5.1640
20 4.4721
25 il
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35 3.3806
40 3.1623
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55 2.6968
60 2.5820
65 2.4807
70 2.3905
78 2.3094
80 2.2361
90 2.1082
100 2
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This paper p the imy ion of diclectric
properties measurement with Saline water for classifyving rice
types. Open-coded coaxial probe at frequency of 20-200 MHz
was applied for measoring rice propertics. The rice vsed for
this experiment included Jasmine rice 105, Hompathum rice,
Chinart rice, Phitsanulok rice and Gorkor 43 rice with
humidity of 8.4%, §.1%. §.4%. §% and 8.4% respectively. The
cxperiment was divided into two parts at the 25° O, The first
experiment was conducted with finely ground rice. The result
showed rice types cannot be classified since the dielectric
properties of the rice in the experiment were very identical. The
second experiment was the measurement of dialectic properties
of finely ground rice mived with saline water (water §0% :
NaCl 20%) at the ratio 2:1. The resolts of the experiments
showed that diclectric properties of rice significantly increased
at low frequency. In addition, the difference could be
obviously seen at the frequency of around 50 MHz, especially
for the dialectic loss found in different types of rice. According
to the experiment, it can be summarized that types of rice can
be classified by using diclectric properties measurement along
with saline water increasing technigues which can increase the
diclectric instants and help blend saline water and rice well
together and saline water would considerably increase dielectric
loss. And then, different types of rice can be obvioush
identified. Cy quently. both dielectric constant and dieleetric
loss can be used for classifving types of rice at the freguency of
lower than 50 MHe However, diclectric loss could perform
better than dielectric constant for classifving tvpes of rice.

Keywords: dielectric properties, rice dielectric, classification, rice
fypes

L INTRODUCTION
Dielectric  properties  comprise complex permittivity
and imagi

types including Jasmine nce. glutinous rice, white rice and
brown rice. Quantity of amylose content defines the sofiness
of rice. With low amylose content, rice will be soft and sticky
whereas rice with high amylose content will be tough and
hard. In Thailand, Jasmine rice is very popular since it is soft
with smooth texture and good taste that dominate the
uniqueness of Thailand. Jasmine rice is a good source of
carbohydrate and various kinds of vitamins.

Numbers of research works regarding dielectric
measurement of agricultural products, including white rice,
brown rice and unmilled rice. According to the results of the
research, moisture 1s the main factor to define the value of
dielectric constant since water has high dielectric constant
[6][11] as well as temperature. mass density and
homogeneous of materials [2]. In addition, the factor
affecting dielectric loss is salinity [5][7] because sodium
chloride (NaCl) will increase conductivity of materials.
Therefore, agricultural product with dry and low salinity,
such as rice, will have low dielectric properties causing the
difficulty for rice dielectric measurement. There are a lot of
papers investigating rice dielectric properties. such as Stuart.
0. Nelson research [12-14]. Rice dielectric constant and
dielectric loss factors are approximately 3-5 and 0.2-0.9
respectively depended on frequency, moisture and salinity.
However, none of papers or research regarding the dielectric
properties of Thai rice has been conducted. Consequently,
this paper is aimed to present dielectric properties of Thai rice
and classification of the types by implementing moisture and
salinity increasing technigue. This technique finely prounded
rice will be mixed with saline water (water 80% : NaCl 20%).
Diglectric properties are measured using open-end coaxial
technigue (Keysight N1300A). therefore rice meeds to be
perfectly grinded in order to reduce gaps for accuracy of
ment.

consisting real number (dielectric ginary
number (dielectric loss factor, ). Dielectric constant indicates
the amount of energy able to be stored by electric field and
dielectric loss factor indicates the dissipatien or loss of
electromagnetic field in material [1-2]. Materials Dielectric
properties are valuable parameters for microwave, RF (radio-
frequency) and food engineering since differemt dielectrie
materials have uniquely different electrical eharacteristics. It
has been applied in food production for many wyears.
Therefore, dielectric properties are significantly related to
electromagnetic wave [3]. Microwave and RF have been
studied and applied for food processing. In the other hand,
microwave and RF are used to classify the quality and type of
food due the unique dielectric properties of food caused by
freshness, salinity and moisture [4-7].

Rice is one of the most importantly exported products in
Asia [8-10]. Thailand, Viemam, Cambodia and Myanmar are
the major Asian rice exporters. Rice can be classified into 4

For this experiment, the measurement process was
conducted in a room at 25°C and the frequency ranged from
20-200 MHz. There were 5 types of rice for the experiment
{Jasmine rice 105, Hompathum rice, Phitsanulok rice, Chinart
rice and Gorkor 43 rice). Finely ground rice was used for the
fiest experiment. ~ The results of dielectric property
measurement at the frequencies ranging between 20-200
MHz showed that dielectric constant and loss factor were
about 3.8-5 and 0.35-0.6 respectively. The second

nent was conducted with finely ground rice mixed
with saline water. It was found that dielectric constant and
loss factor extremely increased extremely, dielectric constant
and loss factor were about 40-280 and 200-2600 respectively
depending on frequencies. Each type of rice has unique
dielectric property, Consequently. types of rice can be
classified by the difference of dielectric properties.
Additionally, for each type of rice, the difference of dielectric
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constant can be obviously found when the frequency is lower
than 50 MHz whereas and the different of dielectric loss can
be found when the frequency is lower than 100 MHz

1.  THEORY

A. Open-end Coaxial Probe

In this paper, open-end coaxial line technique is applied
since it is suitable for agricultural materials with wide
frequency and it is easy to use. Open-end coaxial probe
technigue is one of the most widely used techniques for
measuring dielectric properties. Coaxial probe technique is
widely used for measuring dielectric properties due to its
advantages including simple material preparation, high
accuracy, high temperature measurement and non-destructive
to material. However. gaps must be as least as possible in
order to provide accuracy result of the measurement.

For this method, open-end probe and network analyzer
are the main measuring tools used for examining the waves
reflected from the materials contracted with the probe for
processing the dielectric properties. This method consists of
open-end coaxial line, vector network analyzer and software
(Keysight  materials  measurement  suit). For  the
measurement, Vector network analyzer will generate various
frequency waves to coaxial, waves are propagated in coaxial
line to material and reflected on the interface of material to
coaxial line. Computer will receive the reflection waves and
store the data of reflection coefficient. Then. reflection
coefficient reflected on the interface of material to open-end
coaxial probe will be utilized by software to calculate the
receive reflection wave and convert to complex permittivity.

Coaxial probe techmique is mainly advantageous for
measuring dielectric properties due to simple naterial
preparation, high accuracy and nen-destructive to material.
with least air gaps [15].

The thickness of the sample material is a significant
factor for measuring dielectric properties. If the work piece is
not thick enough, the reflection coefficient reflected from the
material surface and ground fAoor can cause error of the
measurement. The thickness of sampling material can be
approximated by (1).

_»

(1
Te

f is the sample thickness (mm)
£ is the dielectric constant

£
Where

B. Dielectric Properties

Dielectrics indicate the ability of each type of materials to
perform as conductor. In addition, dielectrics are also the
principal parameters to determine the distribution of
electromagnetic wave during heating by using dielectric
technique.

Dielectric  properties of materials are interested in
microwave engineering. especially in food application in
forms of complex permittivity defining the amount of energy
stored from electric field, dissipation or loss in material.
Complex permittivity is represented as (2).

e=¢g'-je )

Where &' is the dielectric constant

£" is the dielectric loss factor

C. Frequency Dependence

Diclectric properties of materials significantly change by
the frequency in electric fields. Polarization will be occurred
at different frequencies. The molecules will be arranged in
the direction of the electric field [16]. Debye developed the
formula for pure polar materials as shown in (3).

-
E=&, +":"-‘—"' ‘3}
1+ jorr

Where &, is the static dielectric constant

&, isthe dielectric constant at high frequency

x
@} is the angular frequency
T is the relaxation time

According to formula (3).  constant and imaginary
numbers {loss factor) can be divided as formulas (4) and (5).

L &~ &,
L e C)]
1+ (wr)”

(e me ot @
1+ (wr)

D. Moisture Contents

There are factors influencing dielectric properties,
including frequency, temperature, moisture and salt content.
Dielectric material, just like food. is consisted of water as an
important compenent. For agricultural materials, water is the
key factor for dielectric measurement. Water is the very high
dielectric material at RF and microwave frequency
{dielectric constant 34-78). Therefore, dielectric property of
materials increased by moisiure content, and moisture
content will determine epergy absorption rate of RF or
microwave in electric fields. For example, high water content
dielectric materials, such as fruits and juice, have very high
dielectric property, and low water content or dry materials,
such as flour, grain and wheat, will have very low dielectric
property [5-6].
E. Temperature Dependence

Temperature is one of the effective factors influencing
dielectric  properties of materials. When temperature
increases, the relaxation time will decrease, loss factor will
shift higher frequencies. Therefore, dielectric constant will
increase when lemperature increases as being affected by
relaxation. At the same time, increasing or decreasing los
factors depends on operating frequencies which are higher or
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lower than relaxation frequency. However, dielectric
properties of agricultural materials may cause other
mechanical effects that cause the dielectric constant to
dh when the temy e - In order to keep the
stability, the temperature is controlled at 25°C for this
experiment [6].

F. Salt Contents

Loss factor can be divided imto dipole and ionic
depending on RF frequencies (1-50 MHz) and microwave
frequencies  (0.3-300 GHz). Dipole polarization is
polarization phenomenon in polar molecules of materials call
dipole rotation and dipole rotation is  energy-loss
mechanisms. fonic polarization is polarization phenomenon
caused by relative displacements between opposite pole ions
in ionic erystal. For example, increasing or decreasing of
conductivity (NaCl) [5][7]. Can cause dielectric loss factor

as illustrated in (&),

a
T :
=g+l =g+ (6)
£,

Where £; is dielectric loss factor due to dipole rotation
& is dielectric loss factor due to ionic conduction
o is ionic conductivity (Sm'")
£, is free space permittivity (8.854x10°" Fm™)
@ is angular frequency (Hz)

1. MEASUREMENT SETUP

For the preparation of measurement setup, vector network
analyzer (Keysight E50T1C). open-end coaxial probe and
computer desktop with Keysight materials measurement suit
software are used. Coaxial probe for measurement is high
temperature probe kit which can be used for solid, liquid and
powder materials, and measured by pressing with the surface
of flat skin material. For the setup, the cable must be straight
and the material interface should be flat with appropriate
thickness. Fig.l shows the measurement setup of open-end
coaxial probe with the container filled with ground rice.

The calibration is conducted with air, shot probe and
water with frequencies from 20-2000 MHz Calibration and
measurement were conducted in & room at 25 °C. Finely
ground Rice used for this measurement is classified into 5
types (1 rice 1035, Hompat rice, Phitsanulok rice,
Chinart rice and Gorkor 43 rice).

Finely ground rice will be separated into two sample
groups: pure finely ground rice and rice mixed with saline
water with 2:1 ratio. These were equally compressed in glass
bottles and leave under room temperature for about 30
minutes in order that the materials are at the same
temperature before measuring to obtain the measuring result
from the same condition of temperature.

Figure 1. Measurement setup of open-end coaxtal technigue.

IV. MEASUREMENT RESULT

Normally, the moisture of rice available for sale in the
market will specified at 8-12%. Therefore, the humidity of
all types of rice used for this measurement is limited not
higher than 12%. There are results obtained from measuring
rice dielectric properties at RF and microwave frequency
such as Stuart. O. Nelson research [13][17]. It can be seen
that the at the frequency higher than | MHz, the dielectric
properties are very similar at the humidity about 11-16%.
However, at lower than 1 MHz of frequency, the dielectrics
become obviously different. The humidity for this
experiment was measured by grain moisture meter as shown
in Table 1. At the humidity between %.0-84%, the
measurement results of rice dielectric properties from 20-200
MHz are represented. Therefore, there is no need to examine
the humidity of rice before the measurement process since
the humidity of each type of rice is very low and very
similar.

TABLE L MeISTURE DaTa RECEIVE FRo GRAIN METER
Rice Mouks ture
Jasmine 103 Ea%
Hompathum £E2%
Phitsanulok 4
Chinart R
Gorkor 43 £A%
- —+— Jasmine105
2 —#— Hompathum
E 8
32 # Phitsanulok
2
= &
8
Z s
&
Th
3 T 7
1] a0 i 1800) 140 17 2
Frequency (MHz}

Figure 2. Diclectric constant measurerent result of finely ground rice from

froquencics berween 20-200 MHz.
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Figure 3. Dicletric lose factor measurement resubt of finely ground rice
from frequencies between 20-200 MHz,

Fig.2 and Figd illustrate the dielectric properties
measurement results of 5 types of finely ground rice
including Jasmine rice 105, Hompathum rice, Phitsanulok
rice, Chinart rice and Gorkor 43 rice. at the frequencies
between 20 MHz to 200 MHz. All dielectric constants for
rice measurement are very similar, appoximately 3.8-5. Loss
factor for all types of rice is at very low rate. not exceed than
0.6, from frequencies between 20 MHz to 200 MHz. It was
found that dielectric properties of rice was very low and
similar to both dielectric constant and loss factor which were
too dry and consisted of low sodium that it was unable to
classify the types of rice. Consequently, other techniques are
to be added to obtain clearer difference since most materials
in this world have own unique dielectric properties but the
certain technique is needed for proving. The technigue used
in this paper is increasing saline water technique. This
technique will increase conductivity of rice higher and water
will mix the rice and salt to homogeneous, because the
coaxial probe technmigue want flat sample and
homogeneously.

Fig.4 represents the dielectric constant measurement
results of finely ground rice mixed with saline water with 2:1
ratio by using the same types of rice as in the previous
measurement. Dieleciric constant increased higher from dry
rice. At the frequencies higher than 100 MHz, dielectric
constant of each type of rice was about 40-70 and dielectric
constant at the lower than 100 MHz began to increase
extremely high. In addition, at the frequency of 200 MHz, the
dielectric constant of rice was about 242-321 depending on
rice types, which were different from dielectric constant at
the frequencies higher than 100 MHz. However, the
difference of dieleetric constant of rice is clearly different at
the frequencies lower than 50 MHz. Fig5 presents the
cutting of frequencies ranged from 20-50-MHz. At the
frequency of 50 MHz. the dieleciric constants of all rice
J ine rice 105, Hompath rice, Phitsanulok rice, Chinant
rice and Gorkor 43 rice were 85.90, 84.60. 81.70, 94.90 and
90.70 respectively. The 3 types of rice including Jasmine rice
105, Hompathum and Phitsanulok were found with similar
values of dielectric constants even at the 20 MHz, which
were 259, 253 and 242 respectively. It can be seen that these
numbers are not obviously different.

130 —+—Jasmincl {5

250 — % Hompathum
a —— Phitsanulak
z 130
H Chinart
180 —s— Garkord3
Z
g an

a L

n 20 80 (801 140 170 20
Fregquency (MHz)

Figare 4. Diclectric constant measurement result of finely ground rice that
mixed with saline water from frequencies between 20-200 MHz.

150 | —*— Jasmincl{5
—=— Hompathum

= 300
E —— Phitsanulok
% 250
» Chimart
= M0
T —s— Gorkord3
z
=
=

0 25 ] 35 40 45 50
Frequency (MHz)

Figure 5. Diclectric constant measurement result of finely ground rice that
mixed with saline water from frequencies between 20-50 MHz.

—+— Jasminel 05

—=— Hompathum

# Phitsanuolok
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—*— Gorkordd

L1l 2 110 140 170 200
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Figure 6. Diclectric lose factor measurement result of fincly ground rice
that mixed with saluxe water from frequencics beoween 20-200 MHz

| 3000 —+— Jasmine 105
| - Hompathum
gzm —&— Phitsanulok
| 22000
E
i
T1500
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b1} 25 n a5 A 45 a0
Freglﬂ:_v (ML)

Figure 7. Diclectric lose factor measurement result of finely ground rice
that mixed with saline water from frequencies between 20-30 MHz
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TABLE IL DHELECTRIC CONSTANT AT 20, 25, 30, 35, 40, 45 aND MHz

Freguency
MHz) ¥ 5 30 35 40 45 50

Ty

Jasmine 108 | 259 177 41 112 07 9l B39

Hompath 253 176 137 110 107 95.7 846

Ph 242 172 132 108 103 93 BLT
Chinart | 321 217 ) 182 127 122 w7 949

Gorkor 43| 291 199 [ 152 119 115 103 | 907

TABLE IIL MELECTRIC LOSS FACTOR AT 20, 25, 30, 35,40, 43 AND
MHz

Frequency
MHz) | 20 b 3 35 40 45 S0

Type

Jasmine 105 | 2030 | 1660 | 1350 | 1200 | L040 | @43 138

Hompathum | 1940 | 1580 | 1200 | 1140 | 982 R95 T

Ph 1870 | 1530 | 1250 | 1106 | 952 E& 71

Chinart | 2660 | 2170 | 1760 | 1560 | 1350 | 1230 | 1090

Gorkor 43 [ 2330 [ 1900 [ 1550 [ 1370 [ 1180 [ 1080 [ 957

Fig.6 illustrates the loss factor of rice sample as in Fig.4
that it extremely increases as same as dielectric constant.
They are very different at frequencies between 20-200 MHz
and the difference began to be obviously seen at the
frequencies below 100 MHz. At the frequency 100 MHz, the
loss factors of Jasmine rice 105, Hompathum rice,
Phitsanulok rice, Chinart rice and Gorkor 43 rice are about
430,92, 408.07, 396.51, 557.25 and 491.06 respectively: and
this is not enough to classify the types of rice. At the
frequency of 20 MHz the loss factors are different, in
thousands. Therefore, the classification of blended rice is
suitable at low frequencies. If the graph is considered at
frequency 50 MHz as same as dielectric constant, the loss
factor of Jasmine rice 105, Hompathum rice, Phitsanulok rice,
Chinart rice and Gorkor 43 rice are about 838, 796, 771, 1000
and 957 respectively, which are considered very different
among all types of rice. Considering the graph ranging from
20-50 MHz as shown in Fig. 7. it can be scen that the
dielectric properties of rice mixed with saline water will
extremely increase higher and clearly different until it ean
classify the types of rice. Aceording to Fig, 4 and Fig. 5, the
types of rice can also be defined at the frequencies lower than
50 MHz for dielectric constant and 100 MHz for loss factor.
Theretore, the dielectric loss factor for classifying the type of
rice should be specified at the frequencies lower than 50 MHz
sinee it is better than considering the dielectric constant for
classification.

Vo <CONCLUSION

The measurement of dielectric property of rice and rice
mixed with saline water over the frequencies ranged from 20
MHz to 200 MHz in a room at 25% C was condueted with 5
types of rice including Jasmine rice 105. Hompathum rice,
Phitsanulok rice, Chinart rice and Gorkor 43 rice. Dielectric
constant and loss factor of rice were very low and not so
different that it was hard to classify the types of rice. The
dielectric constants for each of rice were 3.8-5 and loss
factors for each of rice are not more than (.6, On the other
hand, the dielectric constant and loss factor of rice mixed
with saline water increased higher with significam difference
which is capable of classifying the types from high-level

difference of dielectric properties. The dielectric constants
for each type of rice were 40-70 at the frequencies higher
than 100 MHz and begun to be able to classify when the
frequency became lower. The difference was obviously seen
at 50 MHz. The loss factors for type of rice are 200-2600 at
the frequencies between 20-200 MHz and the difference was
clearly noticed at the frequencies lower than 100 MHz
Consequently. the frequencies of 50 MHz or lower are
suitable for classification of rice types when considering
dielectric constant together with loss factor. However, the
dielectric loss factor is more effective than dielectric constant
for classifying types of rice.
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