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ABSTRACT

This thesis presents the treatment of rectal cancer cells in early stage by using
Microwave Coagulation Therapy. In microwave ablation, a slot-antenna probe with a frequency
of 2.45 GHz is used to induce microwave energy on targeted area, resulting in increased tissue
temperature. Flexible microwave antenna corresponding to the colon anatomy was designed to
deliver the microwave in the specific region and determine the location of cancer tissue without
affecting the surrounding normal tissue. In this research, microwave ablation of the early stage
of cancer on the mucosa and submucosa layers with diameter less than 2 ¢cm and the side
effects on surrounding tissue was studied using the Finite Element Method (FEM) to determine
the temperature and heat distribution. 3D models were constructed from computed tomography
images equivalent to the colon tissues. From the results, using a 5-mm slot-antenna at 5 W for
120 s inserted directly into the central region of cancer tissue was able to destroy tissue of 5.12
em’ (region with temperature higher than 50 C‘C). In conclusion, the designed flexible slot
antenna for microwave ablation of rectal colon cancer has the potential for use in treatment of

early stage cancer.
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2.5.1 aunmmﬂﬂl"naﬁ (Maxwell’s Equations)
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kL) E = E,sinot = E, sin 27t (2.6)
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D) = Re[ D) ? (2.8)
H@t) = Re[H (Y (2.9)
B(rt) = Re[ B (r)eja)'] (2.10)
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NOTININAUNTVOINATIA R3aveIaLLmAn Welmsulsnlasumuna
VxH="—"1+J (2.11)
UNUAY D (rt) uay A () Mnaums (2.8) uag (2.9) luaums (2.10) '@

V x [Re H(r)e’™ ] = % [Re D(r)e’™ ]+ Rc[.f’ (r)ej“"]

Re[V x H (r)] = Re[ja)D(r) +J (r)]
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VxH=joD+J (2.12)

VX E = —— (213)
UM E (r ) uag B (1) 1naums (2.8) uaz (2.9) luaums (2.13) w14

V x [ReE(r)ej“”]= _g[ReE(r)ef‘“]

Re[V x E(r)]= - Re|jwB(r)]
VxE=-jwB (2.14)

il a5 ¢ od a ill ¥ ¢ 2 A o o
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 (2.22) $aa Taodalugduuueyius

VeD=0c

VeB=0

VxE=-jwB

VxH=joD+J (2.15)

2.6 THUATIHSUMSIAUM IV INAY (Wave Propagation Modes)
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2.8 mead lulasnluazsinay (Microwave Transmission Line and

Wave Guides)
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ﬁ'ﬂgiymﬂﬂm (Transmission Lines)
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Centered Strinline Microstrin Line

f) dwdadyau IMUATEM(TEM transmission lines)

Cylindrical Waveguide  Rectangular Waveguide Coplanar Waveguide
v) modadyy v Inua(Multi-mode Transmission Lines)
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Rectangular Waveguide Cylindrical Waveguide

Optical Waveguide Slab Waveguide

g 2.15 vierhaduuuudag

2.9 aumsnu3eulun133233Ine (The Bio heat Equation)
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pcg—T=V(koVT)—hbcbwb(Tb =Ty 0. (2.18)

hyy = Py Cp @y

p = PR TIT TRTTIT FT VRN, oo (kg/m’)

c = ﬂ'wmmqmm%'auﬁnmzﬂmalifmﬁa (J/kg.K)
k = manmhanudouveuiiede (WmK)

s a o : ' g 4
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ANUNUULUADA (kg/m)

D
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¢, = mANuiouiunIzYeuion (J/kg®K)
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2.11.1 Gy lvveuunveineina (Port)
1 b 1 )
193eu luiidmsulamsidaesnau luTasnneiddumeenialass muaiiua

o o 1 v Y a e’: ad = All A = n‘: :4”
fda iy 5 w. Tagezaolinusu ladidnainawgiiiiesnnaduszaumalusuil

Port

5 219 uaasganioidanuaau luTasoWIdiumeeina

2.11.2 [Heulvveuunvesnnuneiiied (Continuity)
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nx (A, —H,)=0 (2.20)
nx(E,~E,)=0 2:21)

l— continuity
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2.11.3. dou lvveuvAve 19 21i1(Perfect Electric Conductor)
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Wunsdlvesloudsiirualiesndsznovvesaun i lunurvinusuradniba
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Perfect Electric
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2.11.4 [oulvvevveaiiioiie (Scattering Boundary)
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Plane scattered wave E= Es(e’ﬂ‘("") + E’Se*-""("") (2.22)
_ . e-jk(n.r) 11 ilk )
Cylindrical scattered wave E=Eg = + Ege ks (2.23)
r
» eujk(r:.r) = _
Spherical scattered wave E=Eg J_ + Ege k) (2.24)
I
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UxE= ’{%B} (2.26)
V{B}=0 (2.27)

Vel{D}=p (2.28)
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o, = anmmsih Wi lumaunu x iy s/m

e, =anmauooumasihlumuny x misudlu F/m

a d « = !
2.12.2 MIIATZHTNMUNIHENNIANUDYA

o 4 = et W 4
INTUNIT (2.31) Hazaunis (2.32) lﬂuﬁi\lﬂ'lillﬂﬂ"m']ﬁﬁf’l"lw ﬂ'l?ﬂl'lluﬂﬁﬁﬂﬁﬂiyﬂ‘!'luﬂ'ﬁ

woiinTavdoulugdves ™ wldnmesvesauinInihlugdvesaunisisduTeandds
AU (2.33)

=-1 = - -
Vx {u, (Vx E)} ~kierE = jouyd, (2.33)

E = nnwesauindh

= manuguseuma I durus

D

= manudusunmanluns ena

&

= manududuwimanund oy
k, = $17uAdY (Vacuum Wave Number)
= AT

e o ] 1 oo
Js = NNKDIANUHHMUUYDINISUAUHAINUUA

PNAUNT (2.32) mwsemisvesauiy Wi 1dnnaunish 2.34) uazmiaives
auiman 1dnnaunisi (2.35)

E= i V.E, (2.34)

- j =1 s
A=——p > VxWE, (2.35)
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E = nnweianuduvesanyliih

A = nawesanuduvessnuuiman
E = au Ifhiifeduluusoziedund
/4

o o a d 1
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