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o & o < o o ' 5
- fideavulugensevividuidenunsan viaideaiunmm
o v o v & o Vet 3 1
. ivpudeaduniewn vielimuidnitganshian
L d 1 o J -
. Snwnirvesgansuvasuly wu dvwneageniszidnasininuni
. thavio viesda visaauszan
. dmminanadlaslinsvanme
' ' a  a a d o A & o
. INMegeuNds Ja vaelainane eswndsidonsese
a4 vy o
8. aduld ooy
4 1 :
2.2.3 pimsiivelimasnumie
1. é@ldlugiiuean sindleinseswnds iaviesUszdwseiidensenlumaiueims adila
™ a Y P )
AOUNYBIUILINAILYIY Bn Umiinas
2. inldvgiarugne sinennisvesdldlvgignduvieneiaund vissnaduiuviouds viesda
Linegay tinvisaguusmieaisynUuiden
3. mldlugidutans deinsvaamrain shoudenan Janaelian
l LY o [ 3.9 i <M 4 L 9 P P g < al -«
4. ¥pmnawin palaneu sreluidends eeudivinvisildeiivassivviiula

U A W

~N O BRALWN

Stolkec Pec oy ulated Sessile

Tubular villous Tubulovillou s

U 2.5 Methadnuazvesiuile (Polyp) ludldlng
2.2.4 munaile (Polyp) mansurmdnuidaile (Polyp) Hiflutuseuresuiunisnalnms
Wanzideldlvg uidsegluszardeuuund viafouiuueds viaduuSszarhiana (n Situ) Tas
Mdeyntfameludldlvg (Mucosa)  lagnnssdushsarsinilegluninemns dainazanainermsi



[ [ a =3 a a ada < o a | W oa
Sudsgmudivilunaiuiuvaiedul Neziienuiaundfidu (Gene) wisarsnugnssuauiansuuian
a a ¢ o @ o L | 1 w 3 a 4’ -3 & 4 & 2w
AnUnAvenwadidayniadldlvg) (Sundn nsnatewug (Mutation) isduiliesenidneg Tu Falieseniidl
‘ 1 ' J’ 3 v " W 5
hildumsuluszerdeuluneisa (Pre Cancerous) siouilasenidng Ufinsnatenuguazuusinvaisg ase
4 -4 I‘v A A - s [ 5 : .
JuulivualngIuides muRaUnfvesdnwuzIgaatuInTusuissrezifioulunziie (Severe Dysplasia)
a = 2 ada &) < a_ da 1 4 & " O e [ =
dadivuninglomaduusiieniigs lasnsluuiSsrsrusnaviaifivesfouiiosenwiniudslignay fla
udeanssidng uasiduinivaesduienunSeluszeriiin ssezlignat (n Situ) wazfess Wauiau
a . X = & & 4 aw a & 4 4 @
naneiliuriiagnats(invasive Carcinoma) lufigaiiiesenidny dnsiidnwaziunieidodusennan ul
oMy T § = v a a a v -
a1ld 1571 Aatie (Polyp) Fauvaiiu 2 wila Ae wilaiifu (Pedunculated Type) wazwiialififu(villous
a & a sy a v ' P )
Type) Auiie (Polyp) wlialinTusuInUszana 1 wuins eldnaiuszanm 10 ¥ neunvsiauinuiesu
[ 5 a : -1 3 5 1 L ¥ U
nareilunziss daluiasensianviailelneunuivuinidnuasfneenlivuaiazannsnfniesnms
v A ) U ) o Q’ : o )
naneunzidald luguinz.s Wunsuassiognsdnuurvesiaiie (Polyp) Tudldlvg)
2.2.5 mnsitadeuziealdlng (Diagnosis)
1. N13915293 N84 1 (Physical examination and history taking) uwvdasuniueIn1sou
et ¢ - § o vy X d a v ) wa v Y o o
LisUszand vieunndadlafewilenuivmiss dndsyiRdaunimieiinuagdagiu
2. MIRTIIVLARANUUINTUERRTTE (Fecal occult blood test)
3. NINTINMNIIINN (Rectal examinational) Iasunwdlyiiasativmianinnuniieningl
fiou indRnunAniall
4. msanedldlngilasnisaauude (Baiium enema) lasunndararuutaudwnamansmin
v 4 < — AA - ; - o 4 4 1
wnheniendisgigrnaiaunfninduuina ldugdausig
o 1 .'S i v i [~ o
5. minsaaarldlvgviaualasnisd@eanass (Colonoscopy) lasnsaeavistundnuayu1andl
- 1 L - QI'J - dy o ' "‘l ‘ o
naesinegiinlumanansmin amsansaeganuiaundndetumeludldlvayiovme Felmauusiuduay
v a a e Ja IS of S ) v a wa vy
plige uazfwuiRaUng 1w AulisaninsarhBuiiletu (Biopsy) senimsaan sl fianslame

o ' ¢ & ° 5
JUN 2.6 uamnmeneiendistiveanisnsadldlvgllasnisauutl (Barium enema)



4 4 i
‘; ;)
N)
L
L e ol

U 2.8 uamsnmn1sasrasidinesesdnuaedeis (Siemoidscopy)

2.2.6 srezvadlsauzGaldlng (Staging)
ada o & & o [ & o0 L4 ﬂ
myIntadeintunziSadldveg wnmddudusseamszozvealsn ieusznevlunisinaunums

o o % aa o ' - a a o ' v v o &
INW ﬁ\ﬁwﬂaQa'\ﬁUﬂ'ﬁﬂ?')'\l')'ﬂﬂﬁﬂaﬁnﬂﬁzmﬂﬁLW:JLWNLWUWUQ?#Uﬂﬂa\ﬂiﬁ‘lﬂﬂtﬂﬁgﬂﬂﬂﬁﬂm Tﬁtﬁ"uz‘um

TsnuziSealdinguuseenidu

U 2.9 uamamsutisszazvadlsausiiedilalng
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1.58¢ 0 (Stage 0) uziFdlusrorSuusnimmuiaduziuameinttuluaavesdldlng vie Gund
Carcinoma in situ

25¢8t 1 (Stage 1) wuiwaduzifesenuenadeiululuguistunansesdldlvgiueiadend
Dukes’s

3588 2 (Stage I) waduzidldgnameeniniisiunaafeviadededrafsusdiuninsyae
uitsesnimdes visedadeni Dukes's B

asvey 3 (Stage M) waduzSsldunsnszasludmemhmdesihados uisdlilduninszaneglui
o¥ardu viends e Dukes'C

5.5v0¢ 4 (Stage V) waduziildunsenseareludiodorzdrduresirieme dwanndnaznsyasly
fasu wdeven vanss Sondn Dukes’D

2.3 A153nw (Treatments)

2.3.1 mda (Surgery) {Wuimsinvdnvewzidildvglunnszezlasszuvanisingia
museelspfe Local  Exdision fasiawvuzialusvausn wmdaunsosatuilioduiiduuydeentd
Tasmsaesldviefifindanimadnlugidlaivg Taelisnduilandmivies Resection frieuneziSiivunn
g wwndsdudosindldlngurdnuaziiodouna $radeseen
(artial  colectomy) udndudilddudtindart 1 ifaeiu (Anastomosis) uananiuunmdenssztise
dhndedlnd q dwvesdlddunzeennasaiuiy

neo 1ty Waswe
ewo el

¥ 2. / \ {
L ST =4 5’3 Culs o of 4

» et

—— " - o o
y ¥, g § ' 4

A B C

d 4 o L ]
JUT 2.10 (A) mwwansuziananldvgjdaurang
P s & { ay al
(B) Mnuansnmsanaldunsdiunasiiailasunitnafueesn
(©) nMuansnsaeantdtnlisheny

wiilimeiu umddndudeslatemeninmiviswdsesiuganarain hmamumnmmsn
Lidesnsihesnuensime isiendealaniniesin Colostomy msideadaenavaudansnaunsei
m‘lamuwmmaugstuuammwaﬂumuaumu unneNazyinMsUARITIvTYedl uiluuansdiens
duduspulavesmanilaviinvioswuuans
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y v ? g
% 1 1 L e Concmawery
) =N " et o
4 --.:'an £
A B C

d i )
JUN 2. 11 (A) mmuanszSsildlvg
(B) mwuaninsimanldunsdu
(©) nmuanInTatm YD

<
Wi‘lx‘lil’lﬂuWﬂﬂN?ﬂﬂLﬂ’lﬂ'J‘UYlL'ljuJJ"LNBE]fﬂ.ﬂuﬁ'] U']s’ﬂﬂu.ﬂﬂﬂil"Gli]\I‘L‘Wﬂ'ﬁiﬂ’d’lﬂtﬂQﬂUﬂ’JUﬂ‘lﬂWlﬂ

Faldur mslieuell manesed etiaiudasnsinsldmeiiny . duSsnmssnvuuunauRaui
Adjuvant therapy

2.3.2 Radiofrequency ablation tflumsmdwﬁ‘lumaan'ﬁaaniﬂa‘lﬁﬂamwﬂmwnaa Faldf
aﬂnsmwnmuﬂawLi‘lum‘lﬂﬁﬂﬂmwaau 154

2.3.3 Cryosurgery milfaunsaiillimandudalivhanevaduss

234 nrslinafiadn (Chemotherapy) \umsinwilasldouitengamsiasgiiulauarsii
waduzds mslieiaiivandnesldfuduaeiiifeunusivauazananinnn wisiilwadshuyFaunsnszane
Wildesiwdes nslienaiitrdandinisindailanusvad iefivrtiosfumsindisms suaiiiiags
Wumsihwmdnvigtassees unsnszaevdeldtumeiihiansaiuniseda

2.3.5.  n15a18348 (Radiation = Therapy) rﬁumssnuﬂﬂﬂhseﬁLanm'sawauwaﬂmn
\waduziSaawiil veesiunndotaliane fsdnaunisindadsinarsufvenadl tidaeantunnves

founziSarouiiazsdasioly - msaefedetserliieussivng

2.4 wataiAe (Side Effect)
wa'z”mLﬁuqﬁLﬁﬂﬁumnmi%’nmivuae“iﬁu'uﬁﬂﬂaqms%’nmuas"ﬁyuﬁuéﬂmLwiazﬂu wadraifged

Wntudulngjezintuthasilutiserinmsion Wathafsmdsnmsnudd

241, msie winenstin Wy uaziie vinahde exwiliiineinisiesyn viema
viouds finszifndutansm  Gsiiiiveadamanits wiwies (Colostomy) a1siiornisseaeidieaiianls
U3seu q teula flhemshanuareinuaziudsugeanain lulszdezannsaaneinisweanile

2.4.2. nslisuaiivva naihuAsiRatufusinvesuas i iiiaelasu Tasernsii
finspdetulsun sehudindonds dounds rauld ondou Nuvssawsw Quun Uinuiie vieude uax
I eraineImsyuustld uiieduldtioesnn 1wy emsiade wse deideailusuauann



FEoanelmnndsnsanuSiaualdla

2.5 mynasIzneiuaiumsimanlviii

' o v o o o ey a . .
awnivdniwihluguinlvudezdundudaludygrafiiersludn (Time Harmonic - Field)
o Y o o 0 = o Y v o
viedntiewiiee Wudyaraiiirunsundedfiviven Flaeiliudhazwnusenasuvesdyana 3U
o » g o a ¢ v < o ¢ ¢ o & o YR o
greufansalgfandunsadamans Jouldiafsidulamed Heidueied visfladudidnlvuuuioa

a v Y a ' o « v 6E . = o ]
WBatou Mfesanaunwisdnividnludygulamediaels 5 joE  lunsdlifigusmssdnind

oo 1

Wudgygragueieddy aunselasginavesauinimdnaliiafididenarsldielasfiatsainis
1 A 1 U a
navausIvsst I auulmdalii L Tudygiueiedagn

o v 4 o 0 o o, 0
(Stady State) Feenunsasynudasinsuanasundasiunm = fe MsRdenieAl jo Rl
t

aunswundasiunsideuludnuasinases

2.5.1. gun1suundiaagd (Maxwell’s Equations)

VxH =—jock + ok (2.1)
VeD=p (2.2
VeB=0 (2.3)
D=¢kE (2.8)
B=uH (2.5)
\die

E = auwlvidh

D = wWinvessuaulnih

H = emuduvassunulii

p = MUY TBTTHeS

B = aunuwimén

£ = manuBugsunalni

£ = aenafuduuivén
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= o
2.5.2. dunsvassuungaanuusiuasuniuign

TumsufiRundsindadiunnneglinruunndtuaznszualwiihsamisaunulwihuazaunausdumgn
= Y ¢ o ' '
wysiRsumuandudulfsgueed fhedruu

E =E, cos ot = E, cos2nft
w39 E = E,sin ot = E,sin2zft (2.6)

dlaiiuaruiivenisuusiliou 21nauns (2.13) wanei ineed (factor) vasnaiudulds
sumeiusnglunanailuaunisle q
dedwuely ECo  Dusuuusvnlihiuswisusunm
E®  Husunilwihilge q wildlusgh (Space)

s

il ivswasumunandiuuuudad
E(t) =Re[E(Ne/™] (2.7)

o = [J o Y o 7] 9 24 2
die £ hudmnudedau (Complex number) tushusafiendu azldmsedalwiamnudutuves
' ' o o o &
auAIWAN uasauLLmAnTLsWABuRMaIAsil

D(rt) =Re [D(Ne’™] « (2.8)
H(rpt) = Re [HI) e’} (2.9)
B(rp) =Re [B{Ne’®)] (2.9)

d —y eyl | (-] =

@We D), H, B wazliuswuunddou

a = ¢ ad & & o =
AHAFUIINEUNSY H (r,Donunglia @savesguiuiinvan  daiinisudsidasuniuinan

fo—f=a—D+.7 (2.11)
ot

unuen DY) war Art) 9naums (2.8) was (2.9) luaums (2.10) agld
VxRe [H(Ne™™] = % [ReD(Ne’™ 1+ Re [T (Ne™]
Re [Vx H®)] = Re [ joD(r)+J ()]
fanaduiusiiduasnaes t wlf

VxH=joD+J (2.12)
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° Y & < ac = o )
Tushusufendy  naumMsvaNntIasd  Asavasauuliiiwusiasumuaiagla
VXE=—— 2.13)

unuAr E@D  waz Bt 9mnaums (2.8) uaw (2.9) Tuaums (2. 13) asld
o fax 0 n joxt
VxRelE (r)e’™] = r [Re B (¥)e’™]

Re [Vx E(r)] = - Re [ joD(r)]

V i Bl (2.14)
ot
et aun'ﬁmaauuﬂﬁméﬁmsmﬁaumunmLﬂu{,ﬁuiﬁagﬂmaﬁ ﬁaﬁgﬂwuﬁaaumsﬁaﬁ (2.22) Yreana
Tnedaluguuuveyius
VeD=0c
VeB=0

VxE=-joB

VxH=joD+J (2.15)

2.6 Tiaundwiumaiiunievesndy (Wave Propagation Modes)

pduusindnliindoudiluaisdila q dussifhvasivamarioud viesnvuznisadoud
melumedsinetusgiuinvarnisadoewiuiarsinsneiaresaededygraliiiniy Taau
asTmmasigUuuuvesaunsiminliihifisuhsdnunsinenadesiunedaunemelusesaneiu q 3a
TunsndinmansudrasiTsuwiougunsaneiarnsindudeulvveuian (Boundary Conditions ) wes
ﬂf"iuLtﬁ-Lwﬁnlwﬁwﬁasgﬂﬂﬂ’luaweiaﬁcgsmm‘lwﬁ"rﬁv'u 9 suusivdnidiimefiius ( Transverse fields )
finntuniesisuuvuresauuanizfiiGonit Inmnniedneane (Transverse mode ) Taevialuuda
awddlisuunyssinmednnnisiedsuiivesaiuuindningh Tnssauunsenifulmuafug il
fin '

) Wunauwsndndarang ( Transverse  Magnetic  Mode : TM  Mode ) Wulvunadinudl
indsuitlumuinandnsdduisenavreaumuininsiniuiifmnfuiiamsnsdumeaseeduluseds
funiedntondsdentuezindeouiilunudananddaghifauuwimanlufianseseiulumeds g3u
Uszneumsesunelatuguil 2.11(n)

v) Tnunauasiv@ntdih@iune (Transverese  Electric Mode : TE Mode ) ulundindiu
wdsuiilumusnandaeiidutssnevtesaunlvihunduifanfufiemsmsfumeeseiuluaedaly
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viednienildendusziadouiilunudinardaglifiaunliir lufianisiiunmsessaduluaisds g3
Uszneunsedunelaluguil 2.12 (@)

) Inumauausimvaniniidneane ( Transverse Electromagnetic Mode : Mode ) Wulnunfindu
wndeuilusuinandlneiiduusznouresauliuasauuuivinlufindanfufienisfuneesn iy
Tumedaiu viednienilsdenrduszindouilumusnandaghiffeumaimén i uarauuusingnly
frmwesedulumeduas guusznsuniseiuieluguil 211 (a) Tnevhluudnsideuilulvnd
auimintnih iR tuesdosiauaunastumn dudy  eduedouiiluonmea lumelauemdea
(Coaxia) uazanededus Tuguil 2.1 (n) wiflereiilemadtawuuiminwihiietuiinuausaslsiauysal
vundaunduindeuilumeduunlulasansy (Microstrip) Jufl 211 (1) SeSenTmndesiih Tuuafs
awssivininiginyans (Quasi - TEM)

o = = P &
(M nsrasufivesraululnueaueivandnvlg (TM mode)

77777

o HLLEZ220222277777

i 3
] L

(Ll 2727077: ULLILILI 77777777

d i § I QU
@) mawdsufivesadululnunauuuivéndnenie (TE mode)

N

i

§ o - ‘ Y
(@) Mmaedeuiivasrdululruraunindndnuine (TEM mode)

5UA 2.12 aunailwihussanuwivdndufienwnsfiumaewiululmenisedouiiluwuusiig q
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é’haEhwaﬂwmmsmé‘auﬁﬁmmwwmﬂSuﬁm?{auﬁlumiué‘:ﬁ'}ﬂgugﬂmé‘auﬁ'
(Stab Waveguide) 161’u.amﬁ’agﬂﬁ 2.11

Tumsieseinsndeuiiveseduwimanlwiluaedeiu Tnehluudesfesnaiunisdnaues
aulwiuarauuudivdnmetufsuuunusiie Tuiindasyramannayy E .E ,E ,H, , H,

) o - g o o P 1S p g P o
wag H, willenvhmsliengimaeieuivesriulusedidygiaudy annsofieesiuegiuuulve
P | o [ 1 < o [ 1 4 [l o
nsingsuiiieNazaniuuasiUszneuvasawiiuazauuntivinissiwinasldla  wu Tunsdln
ﬂ' d ; <y 4 0 i =y = 4
arueseuitiUluia z hilvua ™™ awnsaliih H, (eefl H, =0) arissandauvdediudsznauves

s wasaumimbmiouminausetufe E, E,, E, , H, , H, uaz H, Twhusafieaiy

z

Tumstinseimsindouiivesedululiun TE suwiediuvsznevzesauniiwihuazauiniviniomndn
auvwdeiude E, ,E,, E, , H,, H, uas H, (il E, =0 ) dwiumaedeuiivesrdululuun
gavhevielwun TEM aslifieunilwihuasauuwimdnlufimmanfouiivieaun E, wes H,=0 3
widsaunmuimdnlwiufiswsdaus fio E, E,,E, ,H, , H vas H iy

z

yenniudImsieseinsadouiivesrdumimnwihvedvmass 9 annseviildinedduunn
SasAmsienevnduamsivinliiniufaunsivindeaunulvihaunlaauunioguundnge 4
Ao unu x  vieunuy udesvhliaunsoeadunuamnuuussniy xy  dauny E, JE, , H, uay
H, asnwieu E, fu H, v3e E,fiu H, issugssaumidy fafudwiulunsdiaduedeuiiiy
Tufi 2 Tulvan T™M agiidnlsenovvesauuuivdniuiussaunnaliminionniifefirsanmdodion
anuauumeiufe selileiufe E, , H, fu H, wie E H_ fiu E, lwihussfeafumsiinneives
advlusedafupdufiedluguuuuvedinun TEM  aunsosgimisiiasieiieiian Tasfaunuuivin
Wiidlowd  E.fu H, vie E fu H flswddaumifieiihiu sauinasduinsiengimanns
ypspduiilmn TEM  rouanaiflasniubmeiieian

2.7 aunulniludesinedag (Electric Fields in Material Space)

msfisantauaivihainludesiseinia (Free Space) uSemainia (Vacuum) viseuSiani
Lififageg (No Material) Winanaluudaluunil 4 Tuunilisnesiauntuludnauliiansnsadatuldly
pImmin suseasifntuldludinaistan (Material  Media) iudnaniilunssaie  1a fifuor
3314'5N%’Qﬁgeaaamaaé’uﬁuﬂszq weitendntudnansdan Jageiegndtunednensn unueueEuA
mabiweshulifudy  fuilih (Conductor) uazihlsithliih (Nonconductor) dalairlwilwiaan
Taitln#n (Nonconducting  Material) Taeun@ianin  #awiu (nsulator) wSe ladidine3n (Dielectric)
uaelneiia lWinsanedienin 4 fmaeuthimdwihvestagestusgiufugumudlaundadety
msh (Conduction), Aszualwin (Electric  Current) uagnslwanlsd (Polarization) wazuenantiuf
wspsinsanirmuaniivesianindidnen (Dielectric Material)

2.7.1 Ta98ne1s (Material Media) Tusurulsitiatio (Static Electric Field)

wildRnsanfeunalwihiiinfusinnsnssaeresussgegfuiilueimeaniseaniadimiuda
sazniliisaglddnuimginsamasauniuiansnats (Material Media) Taevhaluisamnsasuuntan



N
munnaﬁqﬁnmq Wi&’%ﬂmﬂmmﬂﬂi IN

QA v - L o d LY o » . .
mupuantaniwildiduaueiia A fh (Conductor) @15M981i1 (Semiconductor) M‘%’a (Dle(ectnc)
MUNITHIITUIT AU AN IURATN msmamvti‘lummmsmmm viesthauiutiy 9e wagnu
siannseudastirdsuiinnerseuviiluddnernoumila

2.7.2 #ini (Conductor) lusnulndhatin
Tneluuddgmuimdniniaeferdesiuinaniifauauiinidndvarseduazifemstu
fernudiiusveUTinuvesaunuiiveusau (interface) sywiredeannanadiaty 15181998 ReIN I8N
E wae D wasulusssiivdumweusn  Susmrunudiideulvweuatdesaenndssiiveuiiasewineini
fuermein  wazdoulumaniildimeliluaunsit (2.16) was (2.17)

S]]
Il

0 (2.16)
Py
80

n

txy1

(2.17)

2.7.3 la8iane3n (Dielectrics) Tuauailwiada

danarsTaguaviinazusvnevludisesneniifiinpdoaUssyuingndondedidnasaulsygay
fawiiluanavesladidnaseussiliunansuvuiniasalalin (Macroscopically. Neutral) wsinisiiaunalwiy
agmﬂuamvLﬂumnm'tmnﬂusms"muuumavaqmﬂﬂssq uavuﬂumnm'lmnﬂmsmuwuwnwawsuq
vInuay U'svﬂau'luszavauq lulamemsstnuiu mﬂmmawuﬂa Uszqunwu (Bound  Charge) M3i¥1
wnuitfaihesduseesdug  dewSsudvuivmuiavasesaen msiutanieinanlsd (Polarize) ves
Jagladidna3nardaniiendes waslainalvi (Electric - Diepole) sxifietuiane sumisdlunisiadeui
fananiilfuandliveguil 213 Flurnrilalnalaindntuiudndiniuesmudummiiihesfes
Usngiuse

d o @ - -
JUN 2.13 mwdinvansvesimnanladidnedninailsd

1310399
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2.8 mvda‘luinmﬂuasviaﬁﬂﬁﬁu (Microwave Transmission Line and Wave Guide)

Tumsdsdggrainiianuassniialudidnaavieundildndarumelwiiusiiuediedd
afpsismnansdeihudygamiondsnumalniniu fweulngudrdviulumslnidusinasldassanh
Inhassdudumnarnidsdygiavdonseualniindy Iﬂm’h‘lﬂfjawe?hﬁ'lv‘ﬂﬂumiﬁwnszuawﬁwzu
G awdedygalni (Transmission Lines)

Or -

N LT

¥ Mo Atidey ]

n) anedadtyayrulvua TEM (TEM Transmission Lines)

el 4] Wy id

) aneddgya1ulnua (Multi-Mode Transmission Lines)
g‘uﬁ 2.14 feganuddyg Uy

maa’aé’mzywmlvlﬂ'1ﬁv’uﬁagjG’x"wﬁuwawdszmwﬁuagﬁummﬁuasé’nvmsmitﬂé‘auﬁﬂmﬁmtquiu
anvaani Tasfinruddinazinnsannmsiedeuiivesdygrandretunsivavenssuaimuviedily
uoie?w%‘uﬁmwﬁqauﬁvﬁ'msﬁmsmmsmﬁauﬁ'uaqﬁ'mmmaa’wﬂf‘]’unﬁmﬁauﬁuamﬁuﬁmmwmﬁ
Uszneumeaunuivihvauuwiminvderduwimaniniues

Lﬁaw1m'1a'1aa‘l’;ycmmﬂ’nuﬁqwzu%ﬁgﬂuwdN'} Fldsunmsiinsieiuudannnenudneae
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aunAlvansdunarliguantanalni suuaueiwueu Taedmualifinisnseaeamialnia
1 x 1 é o :‘J A 5 -~ o = 1 1 A’I 1 - 6
waluegsminanetunseaviadudiuidinGonasdunarianeddygralviuuusuiisvaiane
. PP . a8 v ' ] S -
(Uniform Transmission Lines) lneiifpenswesansdassinniifagui 2.13

2.8.1 sedadugunsalillithaduwimdniwihanivilsludedniivils Tesmedellaseatned
Tiumaludl 4 wwu Ae
Langinigrum
2.elauenidea
3viptheduvienvlng (Wave Guide)
alulasaninnie meanin
aeinhguunuineelflugwmmidlilasiargaseadsiwingu desiamaildinannsgeyde
lunsnszsedudadiunsgydsiisananmsladidnainuassingnsainunia (Skin Depth) fitinu
afivile 200 MHz aelaueni@eaziiussavsnmaninfieuiigeniai
mﬂ'[ﬂuaﬂL‘B'aaﬁn1sﬁmu1'luL“s'aan'ﬁaﬂn'lsq:utﬁawé’mu'lunmﬂﬁauﬁwaaﬂﬁumn‘[ﬂsaa%”nn'ﬁ%aé
vesasiidudnimsansrueniuseunausivnuly uadmaidedidnludamsgyidondaiudy
disnnvnauniladifinrinmelulasysingnisainuidnioeg
viethedunierilnddaduaedswamndlilasabdsliuisdaduludwmwigivandmiu
Trssadrafiavadildndranuds vievaduiléviuldfinsesnuuulpsaduagdniseneuiivansnaduiu
Tmueumnzaufuswmaailsoulassadaiesisitandugus 214 uiidomnedudunvieth
rutlUiuliip s nAulysniugiu TEM  ulavisuihtuwsillmansiedsuiiuuudu 4 8nfi
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2.9 dun1aiaulumedainen (The Bio Heat Equation)
=3 1 4 A o < [ ]
Iuﬂ'ﬁ?mi?&’ﬁﬂ')ﬂﬂ?’]ﬂﬂ'lﬁiﬂiL’Jﬂllﬂwaﬂ'l'im'mﬂﬁu"mlwﬁ'] ammmmﬁn LagAINNUILUUYDY
-:‘ a :‘2’ 4’ d o/ ¥ d a ag -&l d 3 <4 ar
nazualidin MAetuludodeven  magadumnudouliintuluiedevsndsgunvutesauns vied
) ﬂ‘ 1 1] b7 QJ d
wlsin 9 fidmaensnszaearnisy Tuleauanafsaunisd (2.18)

or
e By = Py,

1] -] &’ 4 3
= AT LWE TR UBLED (kg/m )

p
) c = fhmmqm'm%'auﬁi"lwa‘uaatfalﬁa (J/kg.K)
) k = Aenahanudeuvesiioie (W/m.K)
' By = Sssvimsmmudeunnideniivadusgluieide
P = anuiiugen (kg/m)
¢,  =emmmisudunwreudon (U/kgK)
o, = BpsnTinaredden (mls)
z = fgamgiifen (37 °C)
0, =aenudsuinnszununsumivadureaden (W/m)
‘ 0, =fmarufauinmeuen (Wm')

= A o =y Qs U Y 173 Ql’ ) L) o L QS Q‘
AaNA1s Bicheat  (2.18) fihanlglusidsatull Inazfisrndiudsdiuluy 2 i fis duUszans
%) - ehl P P Y & v X
mInanuTeunniteniivaduagluiieds (hy) waswdsuniainiulagnssuiunms
a ¢ o & g v oo o 4 Y]
wanludfuvesdaiion Fsdudsis 2 § ssfieniiddsenn WsWeufuuiun Qu:

2.9.1 dun1sN1sRAduAmTBY
Fosananaumilwi uavaunuusivin Afinsuwsnszaneaniedevan sufamsggydewdsa
& o = o e @ <
TuiieiBioven Fauansenuduiusvesaunis Asaunsii (2.19)

. PP poncay =9—IE2| (2.19)

1
pext p

ar =2 o A 1 J A
SAR = Samsgadudnwrvesrduwimdnludluiiedie (W/ke)

: i o & ¥ 3
g, = mmuisuiiaiunnaausniiiede (W/m)
o =anmwmunihbiweaiiode (S/m)

) o 3
p = nurmneuuI e (kg/m’)
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2.11.1 Waulvvauivavawesin (Port)
UJ : o P o @ 4‘ 4 1 Ve o 1 o @ 1
¥ @eulviidwmsuldamawwesndululasiwisslitvarseimalaesvusduaiiigs Wy 5 W.
Tngazdeliiuduladidnainmuuiteswinaduasidunialuduil

Port

< oo w - v o
JUN 2.19 uamgaireaauueaulilasioliivanseina

- - | o
2.11.2 Reulvvauivavasausaiiias (Continuity)
- & o o o 2 ad Ver | ¢ v o @
Woulviiduideulenifntulaesssurifnuanslvtsmnusaiiiesaissdusenauluwuiduduiaves
auulwiuazauuuiwan

nx(A - H_)=0 (2.20)
nx(El—E )=0 (2.21)

= o & |
JUT 2.20 uansuinanidureuivasaiie

= <l | i a o a4 o Y < a
nguusuaiduanusieiies (Continuity) suiluviinniadundeuikiuaindanarmilslugdn
Y =+
fnanawily
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2.11.3 Raulvauivavasiinin (Perfect Electric Conductor)

< = ° v o« v a w o a1 «
WunsdiveaTeudeimusliiesdusznouresaunilnitlunnmnusuiadnindaidugug

r Perfect Electric

Jr

U7 2.21 wanaBnaiiureuundai

Pnaunswaneliiiuin s ustsdndus narasumissenlan lutnneesaunu Wi Aside
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2.11.4 Reulyvauvauiiawe (Scattering Boundary)
v - ) Ahj QY a v - - le -
l¥deulvidlospansvevwanludsiiianisazviounesrau lnediaun1saly Ao

Plane scattered E=% SCe- Jnr) g Se— JE(k) (2.22)
= jk(n.r) ¢
Cylindrical scattered wave E=E & e—J—_— +Ece Jhekr) (2.23)
r
—~ jk(n.r) ;
Spherical scattered wave : o gten) (2.24)

E=E_ ———+E
sc Iy N
§

€

AlYRINaY

afl

7, =
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ot
Sy R4 {QE} (2.26)
ot
v-{B}=0 (2.27)
vV{D}=p (2.28)
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< 1 < [] Y« 1 [
aums?l (2.29) Wuaumsuaasmsmeivssnwadammmnuiunandusivdn
{B}= {u}{H} (2.29)
P2 ] < Qs 1 o 8 . .
die [g] = Aenududuwsivintugiuuuveauesng (Magnetric permeability)

d { 1 L% L 1 L=
e aumsfl (230) uansenaududuwimbnlugiuuuveauning

M, 0 0
{ub=m| 0 u, 0 (2.30)
0 0 u,

o
1318
u, = enmuBuduuivanlugaanoe
U, = ANPILTNTU R IVANEUNMS LAY X

aunnsil (2.31) HARINI S L INLABS A URUILULYDINTSUETIN

)= lo]l{Efrx{B)] (2.31)

< 3 '
gqun1m (2.32) LEAINITUIINABIAIUNUILUUYBINTSILE

{D}= [¢]{E} {2.32)
\fio
o). \ A0
lel=10 o, 0/]=unndusanmmaiivih
0 0 o,
g, 0 0
{ed=10 &, 0] =uwsindvasanmmuilviih
0 0 ¢,
Vx
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o= anwmsiiilusuwnu x vdaedu S/m
g = anmwiussumelnittunuineu x fwihmdu F/m

a 1 =l <
2.12.2 Mmsiaseisuuusimaniiaaudge
I3 Y a add e € a
Pnauns (2.31) wavaunts (2.32) Wuaumsuundnadiifisanlunsdififyaiaeisueidnlay
- - o P - . " o
Weluguves ™ aglannmesvesauatwiluguvesaunseduleandisaunish (2.33)

Y x[;_:_l.(v X E):I —k2¢,.E = jou,J, (2.33)

b

E = nnwedauwulwi

e = manudugeumeliihdniug

2o = Aenufuduwimdnlunsae

4 = eeduduuivinlundady

k, = S2usuaiu (Vacuum Wave Number

o = menadideu

J, = nnwesnamuniuusesnssiausasiiia

nauns (2.32) ausamanaasauiuliditldatnaunisy (2.34) wazwiamesauiunivanidaann
o
#umsi (2.35)

N
E=)WE, (2.34)
i=1

N . -
g ) VXWE, (2.35)

= nwasanutuvesEunu i

LIALABTANIUTLYBEUNUNIIVAN
e’ -y a" 3 < =

aulihndetulundaziefiuud

S M~ o3y
i

sUsuuiatdunnestesefiuudusasuuy
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2.12.3 aumsarmdiiusseninafumsimdnlufuasaaumali
w ¢ 1 2 1 o k LY} o AJIL ac g a ¥t
Aruduiusssiteduuimanini fusnudeunliluisnmemalrludiedundiizvuuuess
AuNIINSRAiRMAR SLUBILRINgTuanslAnsaums (2.36)

[[C] [0]] {{T}}+ [[Kc] [0] ] {{n} i {{Q}} 236)
o1 forj L) Lo k1l o

{0} ={Q"}+{0%}+ {0} + {0}

1o
Ic] = msndussraieuiung
{1 = edwudvesmsthanuiou
{1} = nawesmaanuuaseampRilmslsediusiunm
vy = vnwesuseuiilnun
IK,] = pnweieamsivavesenfeuiilnuniug
K" ] = NAWBIBRTINISInAUSEU
[K™ 1 = naweiinsimaiinanuioulingunis Joule heating
{0} = anudsusw
{0™} = Lnweisnsmslvavesmnudeuituusiiug
{0%} = pnwesensIMaisauieumely
{0} = Laweiansnisiinaiusoualnaunts Joule heating
{0°} = nmeeimsanuSeuiing
{3 = Tvannnmesdudewnannslvaveinseuaiilng

< Ao v o a cda LY VIS
naunsh (2.36) uauarsisimslddnenzaisiuinvsnunindifinnududusyluuuves
a k) ] ' a dd v oo o) ° 2 °
angiiuaenszualiity WanwivnuasAwsfiveiminedesiugamgiiteeegnimuadenisihnau
v a % 3 ° o ' a cd & v @
SouQ gamgl T enwdeuduwiz € msthwianufeu K wstludiuvesnnifivesiiieitsiy
wa i azgnivuafisnsdiy v aswua | Tuaumsdwemnsifives  nnweidnsnisiianiuieu
or <l
NNaUM3 Joule heat Asluaunish (2.37)

Qj = Re ((ZLn]ZL‘Ip] {Jide i, }]' (2.37)
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x Ld d T
3.1.2 YumsunsailawuuIiaesaldlugidiuuateainaw 39 aunu (CT Scan)
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Abstract. This study presents an analyze of blending coaxial open-tip antenna for microwave snoring
ablation using real-image with three-dimensional finite element analysis verified by in vitro experiment.
Treatment of soft palate tissue in mouth cavity of the body and had curve-shape. We performed a blending
coaxial open-tip antenna characteristic of antenna get power delivery of 50 W for 60 second and coagulation
volume of 1.028 cm® .This treatment is a new approach to surgery.

Keywords: Microwave ablation, finite element analysis, snoring therapy, soft palate tissue.

1. Introduction

Snoring is one of a sleep disorder syndrome in which bothering human health only patient himself but
also impact to his or her spouse unavoidable. In a long term, this chronic effects seriously to healthy and also
mentally of people. Treatment of snoring using resection of somnoplasty is an effective choice in many cases
[1,2]. Radiofrequency or microwave range ablation is also widely accepted in this medical maneuver and
investigate by many research [2-6]. Heat generated from an electromagnetic wave coagulate a soft tissue and
cause tissue necrosis. Upper soft palate or small part possible to be reshaped by this technique. Figure 1
shows an insertion of microwave applicator into soft tissue region the following by microwave emission at
preset treatment time and power. The key success factor of this technique depends on controlling of size of a
destructive area in soft tissue [6-9]. This process relies on an absorption power, time and temperature
distribution of microwave energy. Prediction of those factors using simulation solver seem to be a promising
way in microwave ablation system design [7-9].

In this research work, we present a simulation of microwave ablation in a phantom model of human
mouth cavity. The new design of open-tip bending applicator was introduced as a microwave antenna.
Characteristic in term of VSWR was also identified for an impedance matching at 2.45 GHz frequency range.
For mimic phantom of mouth cavity model, real image from CT images set was applied and guided during
CAD modelling process. Full 3D finite element method (FEM) was implemented by using COMSOL solver
to obtain a distribution pattern of SAR and temperature [6-9]. The simulation output not only shows a
promising result of destructive area in 3D space tissue space through the mimic soft palate model but also
guide us to validate these results with our full experimental setup system in near future.

This paper is presented as following. An introduction and microwave antenna structure is presented in
section 1 and 2 respectively. Modelling from real CT image and an implementation of finite element method
in mouth cavity phantom model is in section 3 and 4. Section 5 is our simulation results while discussion
and conclusion is proposed in section 6.

* Corresponding author.
E-mail address: kppattar@kmitl.ac.th.
22



Figure 1: Insertion of microwave antenna into soft palate region.

2. Structure of Bended Antenna

Consideration to an anatomy of human mouth cavity, upper soft palate forms as a curve plate region.
Then, as a preliminary, we intently design our applicator as a bending tip antenna in order to fit with this
shape [10]. Figure 2 shows this bending antenna structure. L, (45 millimetres) is a straight part while L, (25
millimetres) is bended as a small curve. Bending angle (Bo) is trailed at 75 degree. Dimension and material
of this antenna are shown in Table I. This antenna was also tested for a return loss factor by using site
Analyzer Bird’s SA6000 EX at microwave frequency 2.3 GHz to 2.6 GHz and its response is shown in Fig. 3
and blending coaxial open-tip have VSWR : 1:1.1 (very low VSWR desirable because it can drive more
energy into tissue). Thus one antenna can potentially be used in microwave ablation of soft palate tissue.

:‘; M&;\‘wcmr«
3 - ot Condozir
Figure 2: Antenna structure, Figure 3: VSWR(Voltage Standing Wave Ratio)
characteristic of open-tip bended antenna.
Table I Dimensions And Materials of Bended Table 11: Physic Properties of Materials in Fem Model
Antenna
Material dimension Material value
Diameter inner conductor 0.912 mm. density of tissue (p) 1,040 (kg/m3)
(Silver Plated Copper Clad
Steel)
Diameter of dielectric 2.985 mm. specific heat of tissue (C) 3,700 (J/mK)
(Solid PTFE)
Diameter of outer conductor 3.581 mm. thermal conductivity of tissue (k) 0.5 (W/mK)
(Silver Plated Copper Clad
Steel)
Length of antenna (L,) 45 mm. temperature of tissue (T) 37 (°C)
Length of opened tip (L,) 15 mm. temperature of blood (T},) 37 (°C)
Bending angle (Bg) 75° relative permittivity of tissue (&;5ye) 53.573
relative permittivity of dielectric (£4;¢;) 2.03

3. Real image Geometry Model

In FEM analysis, a correction of model geometry plays an important role in simulation. In this study, a
set of real image from CT sliced was introduced to enhance a human mouth cavity modelling design. CT
image in sagittal view, axial view and coronal view were imported and rebuilded to obtain a mouth cavity in

CAD file model with iges format. This implementation was succeeding by using general mimic type
23



program and also manually segmentation. This maneuver provides us a soft palate model in which
reassemble to human anatomy. Figure 4 shows a mouth cavity obtains from this technique.

(a)Coronal view (b)Axial view

Figure 5. Soft palate model and meshing refinement.

(c)Sagittal view (d)CAD model

Figure 4. Mouth cavity from real CT image.

4. Implementation of Finite Element Analysis

The finite element method (FEM) involves dividing a complex geometry model into small elements for a
system of partial differential equation then evaluate at nodes or edges. In this study, two governing equations
as bioheat equation and SAR distribution equation were carefully concerned due to a natural phenomenon of
electromagnetic wave in living tissue [11].

4.1. Bioheat Equation

Analysis of heat generated in soft tissue due to an electromagnetic wave was employed by using a
general bioheat equation as following. Solution obtains from this equation indicate a thermal distribution in
soft palate tissue

oT
P C a_t + V. ("k VT) = hb(Tb | T) + Qmet + Qext (1)

= density of tissue (kg/m?3)

= specific heat of tissue (J/mK)

= thermal conductivity of tissue (W /mK)

= temperature of tissue (°C)

= temperature of blood (°C)

= convective heat transfer coefficient(kg/m?)

met — €nergy from metabolic process (W /m?3)

SHNxAa®

S

ext = €xternal heat source (W /m3)

Generally, term Q0. in (1) is an energy from metabolic process inwhich can be negligible and excluded
from FE Model during ablation simulation. As a preliminary study, we also can omit h, due to our
simulation is an in vitro study.

4.2. SAR Distribution

In general, an energy which absorbs by living tissue when body is exposed by electromagnetic field at
radiofrequency range can be measured in term of a specific absorption rate (SAR). This value indicates an
absorption power per mass of living tissue or in Watts per kilogram (W/kg). SAR distribution is widely
used in order to indicate a heating ability of microwave antenna. Heat generated by an electric field in living
tissue can be shown as SAR as in (2).

o - E?

0

SAR =

(2)

24



where
p = density of tissue (kg/m3)
o = conductivity of tissue (S/m)
E = electric field (V/m)

In this research, heat generated by antenna as SAR can be applied as an external heat source in bioheat
consideration and derived as shown in (3), a heat equation.

ar ‘
pCE+ V-(=kVT)=h(T, —T) +p-SAR 3
4.3. Model Simulation
As described above, a mouth cavity, especially soft palate region was anatomically modelled from a
huge of image set of CT. Then, microwave applicator was assumed to be inserted into soft palate region.
Destructive area of soft tissue was finally expected to be identified by this simulation study. This aspect is
possible to achieve by implementation of full 3D FEM simulation. Figure 5 shows a soft palate model and
meshing refinement in this simulation. We selected a microwave frequency as 2.45 GHz at 50 Watts of ideal
output power with respect to a specific absorption rate (SAR) and an industrial, scientific and medical IsM)
radio bands. The propagation of heat generated from electric field in electromagnetic wave was analyzed by
using FEM of COMSOL Multiphysics (version 3.5a) solver in 3D tissue space. Simulation module was
selected on RF module with harmonic propagation and also heat transfer module of living tissue. Basic
condition of FEM meshing refinement was defined as an automatic initial mesh of triangular mesh shape.
Physic properties of material in our simulation and boundary conditions was assigned as shown in Table IL
This simulation was operated on a personal computer with CPU Core-i5 2.5 GHz under 64 bits Microsoft
Window 7 platform and 16 GB of RAM memory.

5. Simulation Results

5.1. FEM Results

In this simulation, a number of mesh element was compromisingly refined at 481,803 tetrahedral
elements with degree of 721,582 freedoms at 5.6 GB RAM of memory using. The solution time is 1222.7
second. Simulation results of this study are shown in Fig. 6-10. Absorption rate as SAR was shown in figure
6. This distribution was observed at the end of opening tip. Temperature distribution in soft tissue due to heat
generated from antenna was also shown in figure 7. The tissue coagulation of soft palate tissue can be
estimated from the temperature distribution, Figure 8 shows a volume of destructive area (red color) in 3D
volume space of soft palate model from FEM. This volume was observed after 60 seconds of microwave
emission. Due to an enhancement of real image from CT data set, this expectation from FEM simulation was
merged into CT image at appropriate view and shown in figure 10.

5.2. Experimental Result

Validation of this simulation also implemented as a preliminary study. Chicken breast was preferred as a
soft tissue in our case (6). Figure 11 shows a coagulation zone after 60 seconds of microwave emission in
which superficial burn was disappear noticeable.

6. Discussion and Conclusion

We propose a preliminary research study of soft palate microwave ablation for snoring treatment. The
study was implemented by using full 3D simulation of finite element method from COMSOL solver. New
bending type applicator was designed as a microwave antenna in order to anatomically fit with mouth cavity.
To obtain a suitable FEM model, we also applied a real image from CT slice of human mouth cavity area to
enhance a CAD model design. From the simulation results, SAR and temperature distribution imply a
destructive region in 3D volume shape of soft palate noticeably. Real coagulation also performed with in
vitro experiment in order to support our preliminary study in which this applicator shows a promising result.
Our long-term target is to develop a simple microwave ablation for somnoplasty in microwave frequency
range, this simulation provide us a useful basic data and encourage us develop a complete system in near
future.

25



IS0 Ehe Resitive b, Bitw awekinge [ '} N 22000
D

Figure 6. SAR distribution. Figure 7. Temperature distribution. Figure 8. Estimation of destructive
tissue in 3D volume space.
Figure 9. FEM simulation result in real image. Figure 10. Ablation of chicken breast by the bending

applicator.
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