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ABSTRACT

In this research we design and analysis of microwave coaxial antenna for application to
therapy of varicose vein tissues ,Open-tip antenna apply to this tissue and its can created
temperature to 90 Celsius and operating time about 10 sec. can improve area zone of varicose
vein . The effect of heat sink from blood flow very important for created temperature because
this effect has affect with temperature distribution , antenna have dimension very small for
proper for use in vein , small antenna has characteristic about electric and magnetic field is
more than large antenna , this very best affect for solve about heat sink effect from blood
flow .

Keywords : CT-SCAN , MRI, Medical Images , Finite Element Analysis ,Microwave Ablation
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ot ot

(Y]

o o ° q\L 5 = d a 5
AUTUAAUITIIVEIN NN UL UTIURIUA U X WAy v aun1sAaUNgULLUATY

O’E 2
=—-@" uek
or* #
< azE 2
%58 —=—-f0"E
or’ P
e p= a),/ HE

s

#Hsanesrlseney £, (z) Namagvesaunis (2.26) mm%uag‘lu;mwumﬁ
E(2)=Ce* +C,e™®
e CuaeC, Wurpsiaudadiou (Complex constant) aunufikUsiBsumunanie
E (z,1) =Re[E, (z)e’]
wiuen E, (z) annauns (2.27) agld

E,(z,1) = Re[Cje/ @) 4+ C,e/ @]

(2.25)

(2.26)

(2.27)

(2.28)

lE1u934 (real part) luanns (2.28) kawasazegluzuuuudulfwed fegnidu

d J L)
dis Cuae C, 1 uAade aunts (2.28) aznanediu

E (2,t) = C, cos(at — Bz) + C, cos(wt — fz) (2.29)

Viow o] O ) ' =t @ v a o
szildihnaaiduiiadedietuuas igydenwdnu Sauyfinsudsudeun

nandudulfegumen ssiliinsulsBeurecsingl wietmdudulfguneie

| < o o N a
#uns (2.28) wag (2.29) Lmuau'm‘lw%vuﬂuwauqﬂwmﬂau 2 Bnunindounludfianss

v A a . & as | .
91U 01 C, =C, adudumi (traveling wave) i1 2 vuruazsiuduaiuile (standing wave)

Tasaruisinaurionnusua (phase velocity) findadl
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Jue B
&1 f Juarudvesedy
A Jupruenivesniu
o 1]
azld V=fi=—
B
(el o=2n
Frathy V=fl= 2y
B
2
== 2.30)
P A ( A

=) ) 1 A dl
[en B 1 ansnmasa (phase constant) Ya3AaY
2.2.5 mstfunnswssaauludanareiidudai

dwduauulwiuasaunuwiviniusivdeumananduduldsgueed aunsamea
§ e < o o v -
wasvesaumsadulusinandiidudinhled aunisedu (2.29) munsadeuluguvusunmisves

1 4
Yo o

wwdy Tead lasall
V2E-y2E=0 (2.31)
e y? = jouo — o’ ue = jou(o + joe) (2.32)

a [ Y v . [ ° a v & =

Sun ¥ 1ARsiansus (Propagation constant) Tae y udnnuidesdeu ddidiass
(real) Ao & Tnefiviaendu Neper/m WuduGunnw (imaginary part) fiwisewdiy radian/m
fin B

y=a+jp
e a =_Rew/ja)/z(0'+ja)£)
way B=1Im.jou(c+ joe)
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t 1 d . a Y o
15U o 91 MANTINITAANDY (Attenuation constant) mnmwmﬂu%mm eIV N
24 - 1 d & ' g 1o 2 v o A A o
9 ¥ U 2 a1 A Ay vainmtuau LLG]LWBﬂ?ﬂﬁJﬂ&ﬂ?ﬂQt’ﬁﬂﬂ‘Uﬂ?ﬂL‘Uu‘U'Jﬂ BWUIRaUY

vinvainausrdouilufia z aunulnidesaenndasiutioulusad

;iz =y’E (2.33)
wawadefitululdde
E(z)=E,e™ (2.34)
Tugtuuumswsasumanan azls
E(z,t) = Re[E e/ ] (2.35)

A =)
aun1s (2.35) Ae HalRavetauNsvesRALRlufia z wasiiauwlnihanas Tneurnmes
-z o a é" ' = LY = [ A\L s =1 as ' r ]
e~ auszeymeiiiuTy Wudetunsdivesshnanaibiiinsgaidendsnuaniiivesnisideu

wa wazannusunavasrduiidnadl

,B=27” wog V=fl=

o
B

14
(Y o LY

& & ¢ &
UBNINULIAUIDVEU o Ly ,B WuWIUTae a, i g e MU

o= ReJ(jw,u)(a + jowe)

2

a=a)\/%[ (1+#)—1 (2.36)
B=Im/(jou) o+ jos)
2

ﬂ=a)\/%;[ (1+Z”2?)+1 (2.37)

2.2.6 fatlhuazladidnasn

Tunmsusimdnlsid Faggnudseeni@u 2 wan dedini wagladidnainuieaunu
8/ ] 1 4;’ 1o QJ 1 1 1 AQ ar r o k4
(Insulato) duLtssEwine 2 wantlidanu fedradulan ludrvesmudingdatdudnhud

1 d o g a d a o < el o “
maauamﬂu‘tmmanmn wmsmanmwamuﬂﬂmaawLﬂaauuﬂaalﬂmunm

VxH = JxjoD



13

wnuan J=coEuway D = ¢E 2l
VxH = oF + joeE

NUUINNIVVBIFNNTS Ao AavuuLunssualwih (Conduction current density)

P ] as . . [y ]
waENAUNEDY Ap AIIUMUILUUNTEUANTISYIR (Displacement current  density)  §ws1dau

] 0‘ U 1 ) ] o ) L%
—‘Ib—=— Ao dnTEusEINAIRRILLUNSEREnsth waYANRUILUUNTELENINSZARLY
@. e

s 1Y) [l L . . . (%] gj (o2 v o 3
finanfendnsndiuilin unmasnisnszang (dissipation factor) fel — =1 fs duiiuvs
we

' v o a g a o v o o o 5 a 0= ag
sewinghuazladidndn fFuumul —>1 mu"LmaLanmn —x<1
e (1)

o o Qs -3 dd 1 ] Q n‘:\ O-
dwiuiniia wu Tave Turnawnniunnuding —>>1 9naums (2.36) wag
wg

’,uo' /w,ua
o= = |—=_({—
A 20 2

Y 1 1 | ) P o = “a ¢« T = 1 8
AIBENMNIU DIRITITUINBIUAY NUATAIUNIEN 30,000 winngwdsne — AUIEUIN 3.5x10
(1274

(2.37) agldl

) as a & a ] o i o g LY ' ) [ da
dvsuladianmsnviieauiudf ludwaal  — <<1 #ID81TU "Lumiumammqu
we

o va o o
fnulagu — aglusedy 0.0002
g

) v w o da < V- = 1o [ a d Ly «
Asuiiiiin o war ¢ Wevezlituiuanud LLV]ﬂ’lﬂiU‘LﬂaLﬁﬂﬂiﬂ o uwag ¢ WU

14
dda v <

flafduvasend uisnsdn o/ ws urasitlutisaruiiifianan femamaiausivedad

@neSngnimuamenaivesmawhladiingdn o waednsdn o/ we
2.2.7 nsidunsvaspdululadingSnii

o a o v & 2 . .
nsdlvedladléneindii o/ we <<1 dslunnnsldnguiiunluludiva (binomial

theorem)

2 2
g
=1+ 5
w°s 2w°e

Y]

o4 o o I3 = Y o P &
“UQNLWEJ\??{E]\‘]WQULLiﬂTJQQﬂ']‘J‘UEI']‘EJIUINL?JEJE‘LVI’INU NAUNT (2.36) ﬁlglﬂ o AP
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o [, O
a—a)\/:[(szzgz) 1]

o= 3\/2 (2.38)
2\V¢e

Y

Twiweadedtu mnnslivguunluludiea waddmsu ganaums (2.37) el

R VTP i
ﬂ—w\/—;[(HZa)st)H]

2
B=awVwe 1+—0--2—2
dw°e

mnnsldnguiuniviudisadnessasla

2
B=o,|ull +8—Zz;;] (2.39)

o+ ue fie unimasnsiieua (phase factor) dwiuladidnaSnasysel (perfect

[y

. . 1 Y 4‘ a =y 1 &
dielectric) i v Wupnusindululadidnedn v danesil

1 1 o?

v=2= =1+ ]
B o? Jue  8a’e’
ﬂg[l +—TE
8o
0_2
V=Y, [1 - W] | (2.40)

§ 4 = = d o
e ¥, =1//ue WBumuFiwewdululadidnedndeanmilwidusud navesms

o ) a & v o q v 2 o
QﬁukﬂﬂﬂﬁﬂﬁquLWUﬂLaﬂuaﬂ VI']SL‘Viﬂ'J'INLﬁ?ﬂaﬂﬂqiLLNﬂauaﬂa\i

-] o ! o Qr vV b Y4 QU 4 @ ©
duduanumunudedeulusn wammNMuMulweulanie z waamqnawwﬂumm
1 = a1 ] P < a ¢ o S ar :'il
U9 FellAnan e wazaunuulsifsumuan dnaiiinluves z anesil

7 = ﬂ"‘_
o+ jws



15

_ H 1
Z—le (7]‘ (2.41)

1+_—
joe

) o o et 1 ' $ '
siulaIludi i (Good conducton) o fidNnnin we 1N FWuigAUNM a,

3
1 51

a v 1Y 4 d 4 4 A 1 L o -d )
S uag y 1A111na08 LEAIIIAIUITARDIUINLUBIAGOUNNIUAIUT wazNISaBULNEADUULIUIY

ot [ & o o a @ W o Y v o aa
ANUBTIUATUIN F”I'J’lilLi')‘llﬂ\ﬁﬂﬁﬂ%ﬂﬂﬁﬂ{]ﬂ’lﬂNﬂN‘uﬂ‘Uﬂ agiiadesludiniinf druainu

NV v =

fumuBadeuaniziidnios yuvawnusumudaulia 45° auedwmiudniin

z= ‘f—“’ﬁ445° = 1/“’—'”.«31'”"‘ (2.42)
(o2 (o2

dwivawuanysal o =0 nauns (2.41) wzla

z=,E
&

(2.43)

dwiuggme Z =Z,

Z,= fﬂ =120z (2.49)
&

=3 % o d a o d s L)
2.2.8 msmumwaaﬁﬁu’lumnmam‘lﬂatﬁnmnmmm

d! =) L=y 4 r (-] =3 = A -] 1
asnsledidnasnisdnh Aeansladibine3niidian wnsilwigmeyssunm aela o
1 1 1 ) d A A Qr 1] =y
ati5ewing 0.01~ 100 Whaese Apiivaansiaiouil y (a fiu B) wasABufiuauduesans z as
L} - =Y 274 1 ¢ : (-] J 7 o 1 d
Tdaaamediudnuindiauaivily Faauisaszinanmeaduyssansnsanmeun o ANRIINNG

9

wa g enuansuaail

a =Re./jou(o + jous) (2.45)
B=IM,[jou(c + jouc) (2.46)
wavduiuaudveaiioans z
z= | IO _ 2.47)
o+ joe

a o o ] & o
2.2.9 nﬂiLﬂuﬂﬂQ%aQﬂau1uﬁ1ﬂaﬁﬂﬁL'f]‘umat&lﬂ
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4" d o & ) Adl = o o [ [ a o a oo ) Y]
Wargedsadnlumnansifimasiusedrdinans iWushnansianladdnmsniesi
¢ @ o & v o
Nnaunsueedlaand (Helmholtz) lunSawsrnuduiusvesauulwiiaz | dnsaunisi (2.48)
V2E + @’ ugk =0 (2.48)

A w a ° o w o 1 P23 ] o o 1 v} o du o~
Tunsainsnanslianmihlvdhiinfidng wis 1y edudumnsusnansifuiiodosy
Iamudusiusvssauinlndihdeaunsi (2.49)

V2E + ot ue(l+ j-Z)E =0 (2.49)
[

4 a c‘?’ d v o =
uasaumsmamulﬂﬁmmﬂ‘uumalmaumumﬂuwﬂmaﬂ
E=E,e " (2.50)

P [J L4 S o
Wemnualiiy fAdeaunisi (2.51)

y=a+ jB=.jou(o + jos) =a)\/;; (jé—l) (2.51)

T Wurasfilumsifiunavesndu
a =Re(y) fulszanslunsanveuvesniu
' P
B =IM(y) masyimand

annsovnauusivanfiiadulasaunisil (2.52)

H=-"L_(Ee7?) (2.52)
jou

2.3 Tnundwiiumaiiunisvasaiy (Wave Propagation Mode)

] 1 [ of o ol 1 ] o o o A o

paunlwanldiiedeuiluavdilag dusslidnwasinuanisiadouiviednumusnis

{ 2] , & & to @ v § @ |
iwdouimelumedalusziusgivdnuuznimjud vemiuias sunsiniadnvinsvesaneds
Qr 5 ] J 1 L7 A 23
Fygraslwiiu lnsudasivunssfizyuvuvesaurlniifisusrednvasiiaenndasiy
mednvemeluyesaedug dlunademansudineivisumdougunsimadareiniy

§ e = ] P ] [ Y &
Fevlywauiun (Boundary Conditions) wespRuwimaniwiiiegneluansdsdyaalniiitiueg
] 13 o oA a &£ & ] v o a 4
guNLuaNAIARRYIN (Transverse fields) MiAnTuaNUIzligULULYBENMEWIZMASEAIN
TnuanAfawe (transverse mode) Taeluudasdsdygraldsuunmulssinnvesinun

< - o 1 -3 ° <& & e/ I
mandeuivesriuwimaninilaeduunssndulnusiugwldamuuy Ao
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t o . d o
n) Tnsnauudunandaung (Transverse Magnetic Mode TM Mode) ulununfindu
indsuniluaufinaslaeddiusensvratauiumivdnintuiiinsaandufianenisimuna
o A T
vsnauluansduiuvsednidenil Aendusy maauwlﬂmumﬂma‘lﬂa‘lmaumuuman‘tuwﬂma
vasraulua g mﬂﬂivﬂaunﬁaﬁma‘lé‘lusﬂw 2.1(n)

alyunaualnfidaung (Transverse Electric Mode :TE mode) iulnuniindundoud
Tumusnanslnefidnseneuresauulniwvituiidemnfuiimmensaumevesedluaneds
tuvdesntnildendursndouilumusnnarslaghflauuwminlufirnspunasniuly
anees Qgﬁﬂsmavmsa%mﬂﬁugﬂﬁ 2.1(v)

Alumaunusimaniififinuang (Transverse Electromagnetic Mode :TEM mode) 1u
Tnuafirduadoufilunudinans  Tasdduusznovvesauulniiuasanunivdniviiuas
aumnsivdntufimmadenfufirmanmsiuveseiulumedaiu iesnievilfondusinioud
senlumuinadlaglufaunalviiussauuwivdnlufieamsfunwendulumeduas g
sUUsznounsesuEldlugU 2.1(0) Tnevhluudamsiedouflulmniaumsuhndnlnihiinty
asdedimuauanasiunun fadu auindeuilusdnia luarelauenidea (Coaxial) wagaeds
Sudluguit 2.1(n) wienailenaftauruwsivdnlifihdidedusimuausnnsliay somedadu
auindeuillumedasuululasansy (Microstrip) Tugudl 2.1(n) Suenlunundesiiin Tnuads
aumivdninid@aeang (Quas-TEM)

//////]///”/////

ba LT S

- = P ' Y
(n nsidsuivesrdululnunauuivanfauI1(TM mode)

131150
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FANIGun e saiu h

P 5 o 'Y
@) nsiedsunvssraululuunauiulnididneane (TE mode)

LIS ST SSSISS SIS SIS,

- - ol
FANIILA WY 1119 PR

“ { d 1 Y
(@ maedeufivesraululnumauuwimvdnlidiidnen«TEM mode)

d 1 U =y § § i 1
Uil 2.1 aunulwihuaranuwimdnduiianafuresndululnunmsiadouiinuusne

YRR 4 4 d d 4 nkl 1w oo d &
fog19adlnuANSIARoUAEINLUVYaIRAULAROUN uuwummaaugﬂmaﬂuu (Stab

Waveguide) 1ﬁttﬁm\1ﬁ'\ﬂugﬂﬁ 2.1

a L'd di A d' 1 I3 1 5 Q:I Y 2/
Tunshesigvinsiadsunvesadundmantiirluaedaui Tnenaluudrnzdesmnaunis

mrauvasaundlnfhuasauuuiménuuunusne luiidassvisaavnauiumeiy fe E,,E,

JE,, H,,H way H, widleunhnsnszimandeuiivesnaulumedsdyanaudaunsoiing

fi"wmﬂg‘uLLUUT.mmm5mﬁauﬁLﬁaﬁﬂzam"qmuaqﬁﬂisnawmaum‘lwﬁwLLazau'mLm'mﬁﬂﬁ%

awnaasluld wu Tunsdifirduedeunivluiea z Tulwus ™™ awisalaivh H, (eedl H, =0) un

farandundednlsznevvssanuliiuaswivdnvisvuaviauamedu Ae E,,E, H, H,

Q [ 24 a < o < o 1
wae H, lwhussdefulumsieseinsiedounivesaivluluun TE ssmediulsznauves

aunilihuazaunauusivdnismaveaunudieiufe E,,E,, H,, H,was H, (neil E, =0) dmiu

nmandeuiivesaiululuungaievdelvuaTeM  azhifiaunulfiuazauiuwivanluiians
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' o Y 2 ' -~ =
WwRBuIviSeliaum E, AU H, =0 Suvdeawmuwimaniwiwiisweadaunde £, E,, H, way

H, WY

& v Py e A P ) ' 1 o0 q Wi
uonnkEIMslweinsrfeuiivesmauusivaninfvednuasiieg dawnsaviilaine
a .f{ b Y a a ¢ o 1 I3 5 = 1 -3 <y
wndduinn Sauyimsiiesizdnduauwiviniiiuiianuivanseaunlihaunle
auamileguundneie TuRe unu x 38 unu y udesilidanseaaduiuauuaiuuszuy

xy Heww E,,E,, H, wae H auwnwiiedu E,fuv H wie E,fu H, \gwedgaeuyiniu

1

LY 0“' o 7 o al P of )
muummﬂunsmwﬂauLﬂaauwlﬂluwﬂ z Tulvus ™ ﬁ]%ﬂﬂ?ﬁﬂﬁ%ﬂﬂﬂ‘ﬂﬂﬂﬁﬂ'\ﬂlwﬁﬁLLﬁ%

[} g’l A o 1% ﬂl o Q
awwwlvanieunifesfinsaiofissavaunimeiu fe £, fu E,, E, \Wes H, MU E,

[] = o7 o [*) ﬂlé ¢ 41 t-:l' o 1
wudgitudvsulunsdifiadundounivluia z lulvun TE aelidwusenavvasauuluduas

auuwimvdntauaiifesinsavieifssmmauudefy fe E,, H,M E,,E \fiee H, i
E, wudisafudniulunsdfirduedoudluluiie z lulvue TE ssfidudseneuvesausiliih
waranuuslvdniomaiifesinsanivieifissauaunuieiu fie E,, H,fu H, e E,, H,
fu B, lwhusaieafunisinseivesaiulumedaiunduiiegluguvedluus TEM anansevin
meneildnedagalnetaunuivinliinfiewd £, fu B Wi E, fu H, \fiswuddau

< & = o a o a g o 3 1 o & =
LB INIUU Li’]’ﬁ]\‘lilﬂLill‘l/l'lﬂ’li’)Lﬂiﬂ%%ﬂﬂﬁﬂﬂﬂi‘ﬂﬂﬂﬂaumﬂuﬂ TEM nautaumummﬂl,ﬁuiwuw

$neiign
2.4 aunatinludasinedan (Electric Fields in Material Space)

msAnsaniseuwlniradnludosineiniadn (free space) wiegainie (Vacuum)
wieunailifitaned (no  material  lénanluudiluund 4 Tuuniisesimunduluin
aunailwihanusodnsulilueaniedne fuersazifstuliludnaneian (material media) 19u
Hanansiidunszany was ﬁﬁuagﬁwﬁws&z’;ﬁ”’aamﬁqLﬁuﬂisfg wzBeninduiinansian Jag
p19gnduLneE19A31Y AuRaianTivesiihussiuld dudu dahlvii(Conductor) uazdlai
i1l (nonconductor) %ﬂlﬂiﬁ’l‘lﬂﬁﬂﬁa’fﬁﬂlﬁﬁﬂwﬁﬂ (nonconducting material) TnaUnfiag
S shawrulinsulator) videladiinsdn (Dielectric) waglagving T msRansanetensnag B
@guau‘ﬁ'ﬁwmlw%hmmi’ams%uag:ﬁ'uﬁugmmﬂmﬁwﬁaLmemﬁmﬁmﬁ'U m311 (conduction),

nszualdln (Electric current) wagn1sinanlsd (polarization) wazusnaintufassiosRasuni

AaandRvesingladilngin (dielectric meteril)
2.4.1 Ja9fanae (Material Media) Tuaunalwilnatin (Static Electric Field)

a = A a & . i
wldRnsandeanuliihifistunnnisnszanevesszqegiuiilusinavieainaing

wud wazanilluseglddnudmginssuvesauulutagfinais (material media) Tngvialy
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wannsadwunageuauantinidndaldiduaueiia fe #21 (conductor)  ansiadnin
(semiconductor) uagfauIU (insulator v3e dielectric) MuNIAITUIT AU IILANTIVUADII
msniagaziludniansisdni visdnhawiulu sxtuegiudidnnseudaszindeuiiann

ot o a 4
azﬂauﬂuﬁlﬂﬂﬁaﬂazﬂau“uq

2.4.2 $711 (Conductors) lugurulwiatn
Tnehluudgmuimniwihasiedestusnaniifiauantineidndwasetwuasdfes
nufimuduiusvesliinaaunuiiveusan (interface) sewirsdesdanans Kty 151971998
FRIN1SMIBNSA E uax D wWasulunssveusiu Susmsuuuwdiideuluvevezdesaenndosi

1 U LY o @ U d' ' % ¥ o 4
YOUTWITTWINWUNUEINIAI wavauluwmariilanvualiluaunisi (2.53) way (2.54)

E =0 (2.53)
E =£ (2.50)
6‘0

2.4.3 ladianasn (Dielectrics) luauulwihatin

fnanianynuiiaazyszneulumeesrrenniiiinfivaUszquingndeuseumediannseu
Uszgau fawinluanavedladidnasnaziunalsuuuanlasalaln (macroscopically neutral)
winsiiauuiiegneuenszilumayhbiifausinssiuuusazeunauseq wazilumeyinli
a v o o ) a v v oa A
WinmsiununiueesUszuinuavysegavlusserduq Tuiieneessduiu Sauszqumaiiife
o ¥ o oo L 5 P < o
Useyniu (bound charge) Msidunuiiiududidnziluszerdu dewSsuiisuivauines
svnau msilutielnailsd (polarize) vasTagladidnaInazidunieatos wazlalnalwiy
o - o ) o { o ' v o i < i
(electric dipole) AifintuLaw® mmua'lumsmaauﬁmnanfflﬂu.am'ﬁ'mgﬂ‘?l 2.2 Faluvauzila

ad ¥ o v g v
Inalwiiindutiudndlni wazauduauuinihazdesusingiume

d @ e a “
JUN 2.2 madinvinsvesiinanladidnaininenlsd
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2.4.4 Jovlvvay (Boundary Condition) wasauniliinatin (Electrostatic Field)

= <2

£, A =3 g L2 1 2]
niluisagRinrsaundeauiulafrifedulusinarsldienius (nonhomogeneous

. 'Y l A a =Y o ¥ o a4 o g é‘l’d’ ' =
medium) dadusuaiiaduluuinaiivszneuneassiinansiisieiy Hellteulvdneg fiaua
» v s oo 1w & a 4 g 4 .
Jzfpsdonndesiiveusinduensenitadiinaraisaes Senleuleiid Jeulvveu (boundary
condition) Reulusiieq waliszdusslenlumemanuuuiuniidhianuuudniuniiwes
{ 1 0 o = o [P ' o a Pl
you Roulvezteliisduunvilavestanldedrdnauinduiinanesls imagiasaniteuly

YauiinsusnveususEing
1. laBldnedn E,, waladidnesn E,,
2. sl wasladidnedn
3. i wagenmering

= P a ' 1 ¥ ° < v v
YINTUNISWITTUIVDUTIUNVNATUURAU 1Uﬂ']iﬂqviu¢“=\1@u1?m|@11 Liqﬂa\ﬂ?jauﬂ'ﬁ‘ﬂﬂﬂ

wundradamsuaunulniatsne

§ E.-dl=0 (2.55)

o a s ¢ a o o ala,
aun1sh (2.54) Wuaunsauwivihain E vsuungiing 39 § . WumsBufinsn3tla

(close path) uag

§ D-ds=Q, (2.56)

ne

aunsh (2.55) Wuaunsaumlndhadn D vssuundiiadds § , Wumsduilinsaivuiila

(close surface) warlunanfafusnazdssuenanuduauulniy sanluassdiudssnauns

21n (orthogonal component) A8

- -

E=E +E, (2.57)

dlo E,Aediudsznouuwidudd (tangential  component)  flursuiiuuag E, Ao
druUsEnauuIfmIn (normal component) Auasusay warludnvazidefuilisauisouen

ULy #andlnia D esnilluaesdiulsznaume

2.4.5 Fouluvouszniteladdnasniuladidnm3n (Dielectric-Dielectric Boundary

Condition)
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fmsanaun B Afstulindnaivseneudeladidnainassyiin Fedvumemudnuae
vodlaBLindnil 1 de £, = g6, naznadnuazvedlndidnaindl 2 dwuakae &, = g,¢,, i
nandlugudt 23(n) B uee E,\duauwivirlufanesdl 1 wezdananedl 2 s1anunsouen
aunlidlgife

+E, (2.58)

+E, (2.59)

2 = v ada =] af Vaadd P>
Uszgnaldauntsi (2.57) fU3tUn abcda veeguit 2.3(n) Tawauyldntfvunadnunniie
Wisuiunsfeuntases E 9zl

= -~ Ah. = AR, = - AR, = Ah
0=E,Aw-E, (_2“) -E,, (—2') —E,Aw+E,, (_2—) +E, ('E')

(2.60)

dla E, =|E| uaz E, =|E,|luanizd Akidng 0 Glvunedinunn) aunnsil (2.60) ez

wWasudu

E, =E,
(2.61)
mulsznoumnduddludinmai (E),) miloudiv

mautlszneumniudludnmaii 2 (E,,)

v
e s 1

AatiuduUsenauwidudavss E vusuikasesavaziwiiouiu (B, = £,,) 58019
! g s ) = oA . o
mnefienn E,awlindsusdatuuveusazaznanilenn E, sewlies (continuous) nssudnameu
P g = ~ pred = - o & { o !
W8N D=¢k = ¢k, +¢&k, = E, + E, faunnaunsil (2.62) asimualain
t _ DZI

D -
¥ _F =E, = (2.62)
& &,
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)

d I _ - e _a -
U#l 2.3 voumszwinaladidinednduladianain

& D, D
%30 =2 (2.63)
& &
Yufie D,azwasuwdamssveusan D, faiu nanlain Liseliies (Discontinuous) #se
YaUTI

v a

Tuiueudeatuill Wevszyndldaunisii (2.57) Aufavend (pillbox) 38 WuRIwUUINA

1 e

(Gaussian surface) 'l'ugll“?i 2.3 (v) Taglv Ak thgeaudazlain

Aq=p,As=D,AS~D,AS

Dllz‘_DZn:pg

ANUIANANIZHINGIHYIZABLLUIAININYEY
w , .
anuviurans Tihluusnam 1 tazuinoam

2 mfuanumu vl sz o,

(2.64)

( 2.65)
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1l '

a =i ' ' @ >

die p,  Wuarumnuiuyszqdasenegediaiuniivey aunsh (2.65) sliuegiu

U

= aa

#uguvesnsauyddn D ffemsainuinui 2 WS 1 wavaun1si (2.65) agdesgn

ihinuszgnaldmuiimeibifivszedasziintuiiveusin p, wavann1si 2.65 snanewdu

D, =D, (2.66)

- 1 T4 5 a
aswinaveusnludidszgiuia p,

fatiudIuUsEnauLLIRIRINYeY D, 3meilewmseveusaniume D, srbinffsuudasi

90U Weswn D=gE aumsil (2.66) Jsaansasvunalesd
§E, =¢,F,, (2.67)

aun1si (2.67)  wansldiiiudn druvsenauwuifainyes £ hiveilissfiveu aunisi
(2.63) ua (2.65) 3o (2.66) Iznanlsedgniesinluleulvveu (boundary conditions) &

Ay v d‘ a v a 8 a a0 @ &
ﬁi.lﬂ"liWiﬂ’mmEN?I8ﬂﬂﬁﬁﬂﬂ1uﬁu’1&1ﬂﬁ7ﬂﬂﬂUVlQﬂLLEJﬂﬂ'JSlﬂﬂLaﬂC‘l‘SﬂVlﬂNﬂu‘VNﬂaﬂ

o . ' v
3‘\.]“ 2.4 YaUIUITINEBININAN

nsiasaneudaulni E uagauvunuduauiulaiy D 9199ue199einsun
¥nmsBuinsmittn (close path) Lsiassniinisanveusmsewinassananailuluguil
2.4 Fadusnandvusdfivuindn (small path) abcda sUszneudedi ab luudmi 1 uay
1y od luvdnmil 2 Tasmisnuhaesazauufureuimuazsvinfy Aw 1navUszgnald
aunsi (2.56) Audumadiu GF) vuiadnil Srimusld be=da=An  Tendrgeud sy

v
07 a

SuinYamudumarisdesiannsasaniald wsizavtuduinfanmuduuumadu (39) abcda Ao
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§‘,,,“,,,E‘0dl=l_ffl o Aw+E, o Aw
=E, 0Aw+E'2, s Aw
=0

% E =EVIm
INSIRSUY (2.68)

fHenluvenvsadimlsznoumndudavel E

(Boundary condition for tangential component of E)

‘1 L% 1 1 ar L7 — 1 dl o
Tuaunisi (2.68) KANIRINIIUIN FuUTEnBULIALRNaYRsEWNN E failinansausiin
Y8UTI (tangential component of an E field is continuous across an interface) Wausiaud
= A I v a é’l [J LR ]
1 fanmeemdu g uazuSnnd 2 fanmeeulimalwiindu g, duuannsammale

D, _D,

(2.69)
& &

& J

iefagmannduRusszniEuUsensusnaInvelauINivey inasAesaieiiad

. i a o A a v J o 4:1 or i

vanduunaidn (pillbox) fduvusgluvinaiuasiiiofudnegluuinum 2 duandugi
a ad o a - i

2.4 friafivudl AS wavarwgessiaduenduinaiiinde Ak Weuszgndldnguesnd Tuaunisi

(2.55) fufiaduendvunaiiniiaglasu
§ ,Deds=(D,ea, +D,a,)AS
=a,, *(D,—D,)AS
= p,AS (2.70)

vy v 2 v o & - s & e '
Tuaunstheuslalidauduius an, =—an, Teefinnwmes anuaz an, Wunnwesviionie

fmndeenanunmd 1 warudnai 2 mudidu Feannaunis (2.70) 15aglain
a,e(D,-D,)=p, (2.71)
%39 D, -D,=ps C/m? (2.72)

{ o i 1 & ' P2
aunsi (2.71)  waadlidiuin dauusenaunuiain (Ra1n) ypsaunnazldidaiiionss
a 1 PRys H a a X 4 o P | i ow 1
UINIUVBUTIUNTINUTEIMUNURINAYY mmmwlumaLuawmmﬂumwwumuuﬂssqmu

¥ o v a o v o = {
fufin §rudond 2 Susih D, = 0aumshi (2.71) aznaneadu
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D, =&k, =p. (2.73)
Faielrinenth aunsfl (2.72) aznanendu E, = p, /&, dioudai 1 Wusinaing

o ° a ¢ a Y as |a; a o ] ' ad a
dlasnineladidneinassdunusznuiulaglifivszqBaseiiveuimseninladiangsn
MEel p, Ay
(2.749)
<
n98 §E, =¢&,F,

(2.75)

My P i P a
muiildnamdrsdusmeszagifeulvveuiinfesenndedlunsdivesaulviivatinlg

o :slld
e dmisznounnduda E, = E,,
. 3 =~ = 2.76
dnnlszneumnnaamin a,, o (D, - D,) =p, (2.76)
.77)

Reulyvevvasmnslvthadia

(Boundary conditions for electrostatic fields)

w oSy v 1 a o % v o o
faildnanluudain Tnsunfneulvssvssdszendldmaunlihuuauniiafiensiv
a v ] & ) g wd d o )

aunalifuudndrunilsvesveu wazuenanniiisdiusalditeulvvauiieimuanisdinm
(refraction) vasannylnfinseessiu Gwunisiasan D, vis E uas D, wis E, suiiuindiu
I v v a ¥ Y] < Y d
Vyuiuduund dunwan Juyn 6, uae 6, dwandugun 25 waslasendeannisi (2.60)
qelat
E sing, =E, =E, =E,siné, (2.78)
0 E,sinf, = E,siné, (2.79)

TudnwuziAeaiuil dieszandldannisi (2.66) vie (2.67) aglasu

gE cosf =D, =D,, =¢&,E,cosb, (2.80)
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JU# 2.5 mavinmues E vie D fveuvesswiladidnadniuladidnasn
%30 &,E, cos, =¢,E, cosb, (2.81)

Wsauns (2.80) Mpaunsi (2.81) axld

tand, tand, (2.82)
£ &, '

Wewn g, = g,6,,Wa2 &, = £,¢,, Muaunsi (2.82) azla

tan6, _ &, (2.83)
tan@, ¢

r2

ngmrnmvesmnihiveudalnainmlszy

aunin (2.83) Wungmsinmvesauiniivevdssannusyy (Hesnauyili
- ' v Y o af ' ' a & a a ' [ o ¥ a v e
p, =0 veuian) dndulaevilunveuiisewivasdladianainiuansaiuaziliianiside
vaudundng munadwsvesUszamsinanlsdnliviniu Fazarauiuyuiuvuiuianves

YBUII

2.4.6 Woulvvauszuiteiatirlufaduladidnasn (Conductor-Dielectric

Condition)
Reulvveusznidmithlwihiuladidneinazinnsanlaangui 2.6 FweuyRliidalnia
Wudnihauysal @ellc » onie p - 0) MilfauiirlumafiRerbifidniwdeifny us

11919z sl egradu newuas uardu Wudnhinihauysal 3annguesleu
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= L b ' ° o/ ° d
J = ok szdnsinminumuwiunseuadiuauliludmihinianysal luvasfiaualnihnely

°

uharhiniatu visludnanumneniladu £ — 018991091 0 — o(E = j/o) lusailwih
Faiiuszgegnmeludniiniidneiu Uszqazindoudoludanuiailni wazaznseanedn
aswmilsludnwuziaunumeludnilwitlivsingiu (Liflauw) sungueanidin £ =0ay

wwiulsey p, sdeatugud dnjusanseagldidnihinvihauysalbiansesiusy

aununihatalinelusiiule

'
[ <

WenarmuuakeulvreurewauuseiIndn niiuladidnesn 1s1eeaniunsaiy

i

JunpunlgRasanvauswsEnIledidnasniuladidnesn Fusidivuaniuniiussedainniely

aada

il uazdlovsegnaldauns fUitita (36 abeda) veagui 2.6(n) alain

Ah, = Ah = Ah Ah
0=0-Aw+0(—)+E, (=) - E (—)-0(— (2.84)
AL Ty e T e

Tadidinain (c = £oF,)

(n)

- o -
in
lagians (6 = Egliy}

()

JUN 2.6 vauwaszwisniinihduladidnesn
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° a v oA v i v a o - ° v
Twhusudeniu Wevszgnaldaunisi (2.56) Aufiaduendueaguil 2.6(1) wazivunly
Ah— 03gld

AQ=D,S-0-AS (2.85)

' - - ) o at YR
W52 D = ek melusnihlni aunsi (2.85) azidsulain

— AQ
D,=—=%=p, (2.86)
s P
e0) b =g (2.87)

v Y - a aad v & o ¢ vo -4
saumelaeulvatinfinedesiudinilniauysal weszagUldnieluil
1. hifiaulwiidetunmsludnilai dude

p,=0 uag E=0 (2.88)

2. \{lpann E =-F =0 mmudslisinnuinedng seninegaasgalag Tusanilni du

fia silwdnuingnduin (equipotential body)

1 @ ° ' I‘: l‘; o &' @ e °
3. il E szegmeuendnhinivindu uagaziminiunuiavesdinhini fe

=g E =0 (2.89)

mM3UsEynAlERd1Agyaian i1 E=0 meluiniinfheglunisndunsedliradia
(electrostatic screening w38 electrostatic shielding: n1s¥adlniafin) fafieg1e Fadiiey
seuq anelaueniBua (coaxial cable : aneiilason) faguil 27 Famedawnevesas (vie
gunsadln AFeanisBanusznausie A Ssviwmlihiindunses (screen Wi shield) malwiuite

Mlvdndseun sl B Fufntuainszuulniiaug Wueud

Fos (W Fodsou 0
malausnian, Fadd
\Bundoasmaonlu
mafuing wWelnim?

{ . -
Fnildla q (u nunesnasiegnnlumslauoniea.
JepiBidnnsofindin 9 Tumaiu 4a4)

o ) a
gﬂw 2.7 nMsnaunsadinirada
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A 4 o o o i
247  WQaulvvauszuninednirlWAanueinaAdne (Conductor-Free-Space

Boundary Conditions)

Reulvikdunsdifiavvaadeulyveusewhwimhlnihiuladidnesn lusuit 2.7 szuans
fadeulvveusenirsdnilwiiveiniedng (ladidnnsn) Sadeulvveulunsdlfaviagldiuain
aun1sn (2.89) Tagunu g /e 1 (msrzdemadnasmivnduladidneinfivew dale, =1)

a. o= ' e ° 5 o &’ - o el z d -~
Weswnnawulwih E YNYUBNAIUIGSAIRINAUNUNIVDINY savueuluveude

— — — e (2.90)
Dl :EOEI =O’Dn =€0En =p,\‘

asmuniudns IWihnnduda fuveurdugud anumamindda

Tifhmadamnn fuvevezifanmmuinivlszgitui

- v ' - v & a g
aunsn (2.90) uanslinaui awwinih £ sgdeadngiuialuwuanmn

d U o o L2 1
JUN 2.8 veuwnseninhithlwihdueiniedng
TP - | 4 g : %
2.5 aedelulasianuazyiniiinidu (Microwave Transmission Line and Wave Guides)

Tunisdedgalnihainunasdidaludiivanaviounasiildndsrumsluiinfusudu
g NBINITABINITINAIdRIUdY g IuvIanasumalwitiu Sediulnguardmsulumalni
uudinaglganeinihiwihassduluinannhddygruvienseualriiniug Taevaluganesni

Mlunsthnszualnihtiubendt aedsdgyarailnih (Transmission Lines)
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Coaxial Line Two-Wired Cable Slab Wareguide

e

Centercd Strinline Nicrostrio | ine i

i AT

i
H - - s -~

n) awadsdnyeyralvun TEM (TEM transmission lines)

Crlindrical Waveguide Rectangular Waveguide Coplanar Waveguide

%) aedsdryeyiluue (Multi-mode transmission lines)
d U 1 1 4
Ul 2.9 fethsenedadygauuusiigg

| @ n‘: - B3 U cg "W . L d' e‘
ansdsdygraliihiuliegiefiuvaieussiamiuegivanuiuasdnwauznsiadouives
o/ ! 5 A { 6 L o dl i o 1 4 L

fyyraluarsdniug lasfinnuisinaziansuinsindounvesdygyiuraigiunisivaves
nszuahmuviednly widmiuiienufigudadnasiarsannisiedeunvesdygmeaieiunig

41' ] a4 o = v 9 -G - -] o
\ndeuTivesrdudygrunvseneumeauninidvauuwivanwispauusiivaniwiituies

Wesnnhanedygunnudgaivariisyuuuiigeg Alafunsliesginudannunen
Snwarlassaiavasnmadinuinmieg Audueu lnemldualumsieszndygralniluansds
fineq thuinazauyiliasdavanifiaaauifimelninuwunueniuiueulasivualiingg

nszanemmeliivaiussaiaueunaeanaEuy

v
v v

fatudainiSenarsdunariinatsdsdgygraladinvusivissvataue (Uniform

transmission lines) aefifagsvasanydaseinniidaguin 2.8
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° 3 ' g a o o
2.5.1 sedudugunsaiitléindumimantiihanitvilslugdniivils Tavanedsd
Tassabeitldfuialuduunde

1) angdmhguuu

2) analauanides

3) viohedunSennlng (wave guide)
4) lulpsansw visoaneanan

@ o 1 L% 1 { 1 o4 1] n’; v o a e v
aehguundnldluduanudlulasunduenubawiniu dediavdntlaunainnis
< 2 =] P a e o L4 =2 _a
gadelunisnszaeedu Fadumsgyidedienanasiadilinainuazunngnisainauinga

. R a IS a a = A a t 4’!’
(skin depth) fighumuiiwile 200 MHz melauenifsasiivssAviamanitienudganinil

a = @ dl ) < = <
aslavenifealinisWaunluFanisaanisggyidendinulunisinfeunivesniuain

= ‘1 u -] QU -] 1 1Q/ o 73 d
TrssadumsTadveseneiiduinimsinssusniussuunuiniiuly uidindived ialuEens

gudendsnudufisuninaunuleddnenagluuarunngmsalarudinined

LY

1] [} § L7 1 T § 1 o { ] A {
vioheduvenwlnddaduanedsehuanudlulasnvseduvieinduluguaungeid
<l o w v v v ¥ 1 o d daw P v
figadmivlassadreianaaiildndinud vedmduildeulaiinnseenuuulassaiias
drulszneuiiunnmsiulumusmnumuzauiugruannunnldanilasaieedaiuanslugud
4 § d a 1 ° d Q‘I gj i ¥ = lg 1] 5
2.3 wiilssannaduifumsisiheuinluduliersszduiisudlnaiiugiu TEM usgnsvingu
= o P a a_a 4 a ! [} o P 5 v q.; o ¢ 4
walllnunmsiadeuiivuudug Snflaansandeuiegluiotiadudun 14 duiunisliesisieiu
1 o 4] o & - { | d
vuviethaduazdasmdeddnmnisiiuniwesniulyungug feunsoezdulula Aeluun ™™
fiu TE
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Reswengular Was 2 2aide

Slah Wave zaide

Opucal Waseguide

d 1 o ﬂ. 1
FUN 2.10 vIBUIARURUUANE

2.6 aun1sauiaulun1s@iainen (The Bio-heat Equation)

lun1siwseidasanudlulasirldfsisaniauinlni auuuimén wazaau
: da & o X d " v da o X 4 o
wnwiursanszudlniiiietuluileodevsn nmsgaduanuisuniaiuluiiededen daguuuy

YBIAUNT NTOAIUUTANY fidmasemsnsraeanuiouluvonuansisaunisi (2.91)
or }
pe—-=V (ke VT)=h,C,o, (T, ~T)+ 0y + Q.. (2.91)
P
We hy, = pyc, oy

1o & o 3

£ = ANURUMUUT W IEVBUBIED (kg/m’)
' v ° & A

c = AMANNIANUIBUTUNIZVDAUUDED (J/ke.K)

k = eranuihenussuvesleds (W/m.K)

) a ¢ v - i < & A
h,= dulsgdvsnmamianuisuanideniivadueglulieibe

p= Aumnuiuden (kg/m’)

C,= fmmuiouduwzvanden (J/kgK)
w, = dns1aaden (1/s)

T, = fgamaiiden (37°0)

! v ac & & 3
ﬂ']ﬂ']'llﬁauﬂ']ﬂﬂs:ﬁU'JUﬂ"l5kumqiuaﬁuﬂaqu~lﬂ1’ﬂﬂﬂ (W/m’)

sz
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' b4 3
Q.. = fAenusausnmeuan (W/m’)

ext

2
ud'lv :-

nauNIs Bioheat (2.91) AiwnldluamAduatvil Idasfisasdndsdmiu 2 ¢ Ao

]
<

duuszandniswianudounnideniilvafuegluiale (h,)  wasndinuiiaiitules

¥
)

AszvaunIsaluaduvediaiden (Q,)Feduusiie 2 1 azfladdiddesunn Weliiguiu

s 0,

2.6.1 aunsmigaduauiou

frsanann aunylnitn wazauiuuiwdn Aiinsunsnseawauiiadalsn asLinns

(=} ar

gy dendinuluilodoven Juanenudiiuduasauns deeunsit (2.92)

1 o
|

SAR=-Q,, =—|E
p p

I2

(2.92)

SAR = Specific absorption rate (W/kg)

' v da £ & A 3
0,, = manudeuiiatunnaeuenilels (W/m’)

. X d
anmanuthinfiweadlads (S/m)

Q
1}

) (-] 3
AMANLIBUUI AL (kg/m”)

P
& o & o
2.7 wug'mminizmElﬁ':'miaumeﬂ,uL‘uaLEJa

8 v s < (Y] o o 2/ a o & & 1
asldaufeulumsineilsn Wunsnviviligamgl e vl geuegluge 41-
= ed 1 a 7 v = < & o a 3
46 sernivaldea iwadTieguIiaiiuY eeldfunansevy uaslinmaAsunastuiiugaugll n1sld
1% o 2 Vel Y a oa ] 4
anufeulunssnelsauzde imswamunadia M3und1 Hyperthermal cancer therapy #d
nsGaldandaust a.a.1960 Tnemsinuilsauzsdagidamienduguuuumsinulsnusse
] ‘s! ¥ L =3 A L) ! £~ $
wuulol Befifiugiu uazvdnmsmdinefiaunsaiigail vaaes uazaansassuteld dalu
Hagtunssnuilsenzifdlagldmnudeuliamnsainnlsrusfuilamag Tdnsume uasld
nansinwinhanls msdnunlsausideheanuiou sndevdnnislianuieutueadusiieey
1 o U al 4 A l&l @
Tut 41-46 ssrnwaided wassnwiseiuvesamgiililiad fugnresinngmaimsaive
° pod 2/ v 2/ [} =) o o s U a
Fwumsinwilseusiishemnuiou asflegaesUSuanianuddnlumsinuae gamal uas
L 4 ﬂ! A Q. o 1 = IHI 1 1
narlunslinuiou Swnugud 21 asuansrnuduiusssmingamgiuazim Hdinans
a « 2 o 1% 2 = A 9w a ' '3 ‘3 )
Usinaumadussiisonmeainnsidanuiou guit 2.1 delwgunglguiwadusidludia

a v I & o & o 1 4 - adg vo1 ¢ & o a &
LﬁQJG\UL"UaaNSLiﬂﬁ]gﬁmul;aﬂl,ﬂuqnu?uﬂ']ﬂ LW]L@Jﬂﬂlﬂ']iﬁﬂqmm{]um‘ﬂuﬂLﬁaau%LiﬁNaﬂig'ﬂ‘U'ﬂLﬂﬂ‘Uu
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A v v £ d oguw ¢ < - ag v ' ¢ o ¢ a
f FadldanunduiievihliigadueiSene Tunmsiiugungiilvigeq unlwad Snnusaasziin
- ° ad 13 vas - D v e &
nsgaudennn uavasvihliwadundiiegseuq waduddldfuanudemeliiduiy daiuluns

a L4 & o s 3 v o [ LY ' 3 a
muqmwgﬂwmmsauuumwsnmmUwaaumﬂﬂmmumn wazliiludumsisuniwaauni

B

3
10

Susviving Fraction Hatio

m—‘ “- \f‘ '.\ l\\ \\.\".Z ?\“ ) ""\
E Toop : ‘.‘ \ y \

., \‘\
P ~ !
F "G 468450 448 50 faas %40 3N
-5 i i $

R e e e e e e At e
s
- " — !
/’ i
e
e
e
o
-
o
-
7
F
/7
s
&y

100 e e ey e g e

« 1S 'Y 3 80 iz

Miputes of Fest Trratment

°0 tas

o ada g a2
éﬂ'ﬂ 211 fmwuamwanswwmqmwnwumamaausm

v

o - °
2.8 Maﬂmwamau‘lwauwnﬁﬁumsmaaa

NFUT 211 Wunsuansliifuiuuudassvesnmsinuimenaululasinlaeld
awamauulauenifoauuuaden Tnensinsrusnnasunuiiieifennaeulasarseinielauen
deagnunadiluludedonnasy waransemmzgnieidnuadulilasoviigauuaseday
yosduRLIY (Feed) uazaduwimniniazgnudesesnuivinuaien nniuileideargnini
Anpnudeudadulumuaunsvesens Tnsnduwivdnliihdaaumsluarslauenidsasglu

a1 4 4 - a
Truves TEM Tagauyidradulundusluinduuuidedou

Computational
domain

= Y & A
sU#l 2.12 uamsdnuarvesaseimawuulaueniBealuielenadey
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o d o
Taoianasn

Aduen

o v a
JUR 2.13 uanlpssaievesansemauuvadenlauenidea

awonelawendvaszusenaulumetuanutumsiutuwsnidudturesitilu Fudeun
5 a a 5 L % 5 @ © J d ] =3 a [
Jutuvesdledidnain uazduganeduturesinivenlasdienduusimanluiidunsiiuaela
a a Y a ° - Y o ) ' ' -
wanWeaziinszuIumsazsndinisivuadeulvveuwslifuwuuiiassleasmegreneluiiagidu

° - -
nsivusdaulvrevrsIaIseINMALUUiaden
-
2.8.1 Joulvvaulwnvaawain (Port)
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Abstract—This paper presents three-dimensional finite element
method for analyze a varicose vein microwave ablation. Varicose
vein can contract by using heat from microwave ablation.
Because of varicose vein patients have leg pain from long time
standing, and do a lot of activities. Symptoms have influenced the
daily life of patients. We study method for varicose vein therapy
by using microwave ablation. Because of this method is easy to
use for varicose vein therapy. In this research work, we propose
simulation varicose vein that varicose vein is inserted with
antenna into blood vessel. Simulation method delivers microwave
to antenna inserted in varicose vein. For this reason, varicose
vein is contract. Finite element analysis can apply in treatment
planning and show temperature distribution and specific
absorption rate (SAR) distribution for contract of varicose vein
characteristic by using microwave therapy. And the doctor can
be use the data for treat in future.

Keywords—Varicose Vein, Finite Element, Microwave Ablation,
Antenna

I. INTRODUCTION

Varicose vein disease is abnormality of superficial vein [1].
Varicose vein patients are present in 15% of men and 25% of
woman [2], [3]. Common causes of disease consist of family
history, female hormones, arteriovenous communications,
physiology, and biochemical stress [1]. Generally, varicose
vein treatment is surgery method. Surgery spends long time
and large lesion size. We study solution to treat varicose vein
disease by using microwave ablation method because this
method spends short time and small lesion size [4].

We study varicose vein paper in 2010. Kim et al, [5]
studied in “ A New Method for Remedy of Varicose Vein
Using Horn Antenna.” This method uses microwave ablation
for treatment. This method illustrates varicose vein in the leg
that incidents electromagnetic wave from outside of the body
by using antenna and removes the blood vessel by heating.

In this research work, we use microwave (MW) ablation for
varicose vein therapy. Therapy is treated to varicose vein
in leg. Microwave frequency operating at 2.45 GHz.
Temperature is controlled to 85°C for 10 second. After
delivery of microwave energy into tissue, Joule heat is
generated which then conducts into surrounding blood vessel
for therapy.

This paper is presented as following an introduction in
section I, Methods included varicose vein model, antenna
model, bio-heat equation, SAR distribution, and finite element

978-1-4673-4892-8/12/$31.00 ©2012 IEEE

analysis in section II, results in section III, discussion and
conclusion in section IV,

1I. METHOD

A. Varicose Vein Model

The model is designed to simulate the heat transfer to blood
vessel. The varicose vein model consists of fat, blood, and
blood vessel. Varicose vein model included front view, and
side view are shown in Fig,. 1.

20 mm,
¢ > Muscle
1 mm Blood Vesscl
20 mm. f
Blood

(a) front view

100 mm
< >

4 mm

f e e e

s ﬁﬂxf#f}mf%ﬁﬁ%ﬁﬁfmﬁi S
mm

(b) side view

Figure 1. Varicose Vein Model.

B. Coaxial Open-Tip Antenna Model

Coaxial open-tip antenna (COA) model consists of inner
conductor, dielectric, insulator, and outer conductor. A
destructive area at the end of antenna tip in tissue volume is
quite predictable. Fig. 2 shows our designed coaxial open-tip
antenna model. Dimensions of components of coaxial open-tip
antenna are shown in Table I.
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Figure 2. Coaxial Open-Tip Antenna Model.

TABLE 1. DIMENSION OF COAXIAL OPEN-TIP ANTENNA

Component Dimension
(mm)
Diameter of inner conductor 0.32
Diameter of diclectric 0.85
Diameter of outer conductor 1.34
Diameter of insulator 1.78
Length of open tip end 5,10,20
Overall length of antenna 60

C. Bio-heat Equation

The source of heat transfer in MW ablation is from
electromagnetic wave at 2.45 GHz transmitted into tissues.
Joule heating arises when energy dissipated by an electric
current flowing through a conductor is converted into thermal
energy. Tissue temperature changes over time can be
predicted by the bio-heat equation:

JaT
pe—+V(=kVT) = hy(Ty =T)+ 0y + Qo (1)

hy = Py Chy )
where
1Y = Density of tissue [kg/m’];
c = Specific heat [J/kg " K];
k = Thermal conductivity [W/m " K];
48 = Temperature of blood;
Py = Density of blood [kg/m];
w,, = Perfusion of blood [s”];
h = Convective heat transfer coeffi-
bl . .
cient accounting for the blood
perfusion;
Q, (W/m') = Energy generated by metabolic

processes and was neglected since
it is small compared with the other
terms.

External heat source generated by
microwave energy from antennas.
After delivery of microwave
energy into tissue, Joule heat is
generated which then conducts
into surrounding tissues [6].

Qe

D. Specific Absorption Rate (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 [7].

Q.. = p-SAR €))
o E?
SAR = —— (4)
p
where
density of tissue [kg/m’ ];
conductivity of tissue [S/m];
electric field [V/m]

I

Il

p
o
E

E. Finite Element Analysis

The model is constructed using COMSOL Multiphysics,
finite element based analysis software. We utilized numerical
modeling to solve 3D bio-heat equation in order to obtain
temperature  distributions  during MW  ablation. The
simulations performed in COMSOL consisted of RF Module
and Heat Transfer (Bio-heat Equation) Module. We developed



the electrodes structure and other geometrical components
with SolidWorks before exporting them in IGES format into
COMSOL Multiphysics. We assigned boundary conditions
and material properties and then solved the coupled thermal-
electromagnetic problem. The total time for MW energy
application was set to 10 second while the power delivered
was set to 30, 40 and 60 watts for a 5 mm COA, 10 mm COA
and 20 mm COA, respectively. Microwave is preset at 2.45
GHz. A number of mesh element are compromisingly refined
at 172,599 elements, 170,028 elements and 162,839 elements
fora S mm COA, 10 mm COA and 20 mm COA, respectively.
Mesh element is shown in Fig. 3-5. The simulation was
implement on Intel Core-i7 2.67 GHz and 12 GB RAM on
Window platform.

Figure 5. Mesh clement of A 20 mm COA.

III. SIMULATION RESULT

Simulation result of three-dimensional finite element
analysis for varicose vein therapy by using microwave
ablation, microwavefrequency is controlled to 2.45 GHz 85°C
for 10 seconds. Simulation results of this study are shown in
Fig. 6-8. Simulation results consist of temperature distribution
and SAR distribution. After antenna operate for 10 seconds,
varicose vein is destroyed. We also show temperature
distribution and temperature distribution graph are shown in
Fig. 6-8 (a-b). SAR distribution and SAR distribution graph are
shown in Fig. 6-8 (c-d). The maximum temperature dis-

tribution and maximum SAR distribution in blood vessel
shown in table II. At 60 watt of a 20 mm COA, this power is
suitable for varicose vein therapy because this powers are non-
effect to other healthy cell surrounding the tissue.

TABLE II. THE MAXIMUM TEMPERATURE DISTRIBUTION AND MAXIMUM
SAR DISTRIBUTION IN BLOOD VESSEL

COA Temperature (°C) SAR (cm“)
Smm (30W) 115 10
10mm (40W) 129 11.5
20mm(60W) 150 11.5

IV. DISCUSSION AND CONCLUSION

In this varicose vein therapy by using finite element
analysis, antenna is intently designed as an open tip type.
Antenna controls heat that radiate to tissue. Tissue is heated
then varicose vein is disintegrated. Results of simulation and
analysis by using COMSOL Multiphysics program,
microwave frequency is controlled to 2.45 GHz at 85°C for 10
seconds, that results are show temperature distribution and
SAR distribution for blood vessel disintegrate. A 5 mm COA
has minimum value for temperature distribution and thermal
distribution. A 20 mm COA has maximum value for
temperature distribution and thermal distribution. At 60 watt
of 'a 20 mm COA, these powers are suitable for varicose vein
therapy. Varicose vein therapy by using microwave ablation is
a new alternative maneuver to the patient and hopefully may
reduce using of medicines in varicose vein treatment, save
money on medical care in long run, and also guide us to
develop a varicose vein treatment in the future. Next step, we
plan to apply our treatment system to use with deep vein
thrombosis (DVT).
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Figure 6. 30 watt of a 5 mm COA.
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Figure 7. 40 watt of a 10 mm COA.
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Figure 8. 60 watt of a 20 mm COA.

REFERENCES

W.  Weerayutthasilp, and A. Chulakadabba, “Current
management of varicose veins,” Chula. Med. J., vol. 49, no.8,
pp- 96-477, Aug 2005.

M. Stirling, and C. K. Shortell, “Endovascular Treatment of

Varicose Veins,” Semin. Vasc. Surg., vol. 19, pp. 109-115,
2006.

R. Boon, G.J.M. Akkersdijk, and D. Nio, “Percutaneus
treatment of varicose veins with bipolar radiofrequency
ablation,” Eur. J. Radio., vol.75, pp. 43-47, 2010.

P. Khantiworapong, S. Subwongchareon, P. Sukheepot, and N.
Praditphol, “The Power Setting of Endovenous Microwave
Ablation for the Treatment of Varicose Vein: In Vitro Study,”
Thai J. Surg., vol. 29, pp. 64-68, 2008.

Wanghyun Kim, Tae-Hee Woo, Minkyun Yoo, Jeiwon Cho,
Dosung Kwon, Young-seeck Chung, and Changyul Cheon, “A
New Method for Remedy of Varicose Vein Using Horn
Antenna,” IEEE Trans. Biomed. Eng., 2010.

P. Phasukkit, S. Tungjitkusolmun, and M. Sangworasil, “Finite
Element Analysis and in vitro Experiments of Placement
Configurations Using Triple Antennas in Microwave Hepatic
Ablation”, IEEE Trans. Biomed. Eng., TBME-00164, pp. 1-9,
2009.

W. Jakawanchaisri, A. Sanpanich, P. Phasukkit, C. Pintavirooj,
and S. Tungjitkusolmun, “FEM Analysis of Microwave Abla-
tion for Snoring Therapy by Using Real Imag,”ICBET2012,
June 2012.



