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Abstract

This project was to develop the microwave absorbers with the high enough
absorption for application by using the right mixture of carbon black and polyester resin.

The result of the study at X-band frequency(10 GHz) was that by comparing 3
basic types of microwave absorbers, E-plane, Tapered H-plane and Tapered E-plane &
H-plane, varying the length from 1.4, .to 3/1g and the concentration of cabon black from
5% to 15%, these microwave absorbers could be built with the high capacity of 36.7dB
microwave power absorption with reflection coefficient of -32.04dB and 40.7dB
microwave power absorption with reflection coefficient of —28.64dB for the mixure of
N330 and N550 respectively. To gain the performance mentioned above, the built
microwave absorbers had to take the shape of a tapered H-plane with the length of
22, ( which doubled the guide wavelength ). The materials used were the combination
of poiyester resin and the carbon black . The right amount of the carbon black mixed

to the poiyester resin was 15 % by weight.
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AARWIN N.

LANINTTULNZAIAINDAN 9

A3 N1 REAINITHUNTINATINE

dvaud Hoiden

3-30 kH:z Very low frequency (VLF}
30300 kHz Low {requency (LF)

300-3,000 kHz : Medium frequency (MF)

3--30 MHz High fregquency (HF)

30 - 300 MHz Very-high frequency (VHEF)
3060 3,000 MHz Ultra-high frequency (UHF}
3-30 GHz “ Super-high frequency (SHF)
30300 GH= Extr_emely-high frequency (EHF)

a1519 N.2 uaaIn1swigrsandluginlalasiad

[} i A = 1 A a '
ANANHD Y¥orFummm yoisanlw

I-2 GHz
2—-3 GHz
3-4 GHz
4-6 GHz
6—-8 GHz

T O m m g

8—10 GHz
10-12.4 GHz

o O 0O n oun -

12.4—18 GHz
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=

1820 GHz
20-26.5 GHz
26.5 40 GHz Ka
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AMANKWIN U

dfflbo a o a € & = -
LAAIANNITA I FIRTUNINITUATIERIINIADS uaznnmamﬂtﬂanmwa

lowalsiaas (Vector differential operator)

6] 4 o @ o ~ & s
.1 ﬂﬂﬁﬂi%ﬂWﬁiUﬂﬁﬂﬂTﬂﬂﬁﬁtWFNH@BS

TUV)
V(A-B)
\AVAY
V-(VA)
V@+§
VU xA
VX (VV)
T % (VA)
VXVXX
VX (R x ﬁ)

vvu + UvyY

N

I

AX(VXB)+Bx(VXA)4(BVIA+(AVB
ViV

It

VU-A + ATV

]

BVXA-AVXE

= 0

0

VUXA+VVXA
V(V-A) - VA
AV-B-BV-A+(B-V)A - (A-V)B

i

it

I

]

i

2.2 FATLIN iansanaTwdaalaasiaas (Vector differential operator)

~ A e &
2.2.1 nYBwasTEUURNa LG w

.vw _

v.VA =

i ¥ 4w 4 8w
ax dy dz

L OAc | 3Ay . DA

+

ax ay dz

- aAz ’ A b X -

00 - OBy O ORey 08y 0y,

ay az dz ax ax ay

32w a?_w al

Vi = + + 2Y
aXZ ayz 322

VA = VA, + ,V2A, + i, V2A,



2.2.2 NIHUITTLURNOUITZEUWLULNIINGY i

_ maw L7139 - 8
v = W ;i L d¥ 4 . oy
v 7% 30 ? rsing  ag

. _ A
7-A - L3y ot singay + L 2
2 ar rsingd 48 rsiné  dg
o 3 ceinaa 8 1 [ 1 ;
VXA = Jp—= | L (sinfA,) - —— | +1g— iy
" om0 [ 55 G049 39 |+ |50 Y
3 ~
- CAN | +iy D12 Ay A
ar ] i [ar rAg ~ S |
vy o= La@dwyy 1 3 gupdwy, 1 &
p?drar r’sing 00 ae r’sin?d  d¢*
VYA = VA = V(V-A) - VxVXA

— z 2
- i,[aA’ L2 0A 245 1 FA L cotd A

ar’ roar r? L 2 a0
L1 @A 2 9 2c0t8 2 3%]
S -2 g ——
rlsin%d 3¢’ a8 r? v’sinf dp
S FAy  20A4 Ay Ay LY
+ 19[ z T gt Lz : 002
ar gr . risin"d - a6 r a6

1 PAg . 2 A 2otf 6A¢]

+
r’sin?  d¢t r a¢ r’sing 3¢
L7 3A A
+ i¢[ ¢ 2 "¢ L LA, +L ¢
ar? r o r’sin®@ r2 ag*

Lcotd Bg 1 Ay o 5Ar]
2 96 r’sin’d  d¢? r’sind 8¢



2.2.3 ASH YT DURNAU ST A WLULNTINTZYEN

Vi

iy

v.VA

Doy L U4 Ay L g dy
ar r 3¢ Jz

3y | aA

L8 eay+ L
r or r d¢ dz

by AA; 0A o T dA;
L A D0y 0 6R
r do Jz Do gr

b HrAy) 1 dA:

A

r ar r d¢

138 oy, L, Fu
r dar ar r* dgt azt

T(T-B) — VXV XA

DAL LA A PAC 2
1% r ar rz 2 ngz
2 2
S B W ot B S B
¢ ar? r dr 2 2 ag?
L aiA 2 2
+iz(an+_I_Eéz_+_L6Az+aAl)
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ATANWIN A

Sansoaluazuiieilsine dwusiuan Wiy

a.1 RUILNIAT5 % SI (S| System Units)

".2

Qo a

wan

Quantity Symbotl Unit Abbreviation
Length £ meter m
Mass m kilogram kg
Time t second 5
Current Li ampere A

urﬁﬁimumﬁﬁgaﬁ {Derived Quantities)

Abbreviation |

Quantity Symbol ' Unit
Admittance Y siemens S
Angular frequency w radian/second rad/s
Attenuation constant o neper/meter Np/m
Capacitance C farad F
Charge Q.4 coulomb C
Charge density (linear) Ds coulomb/meter C/m
Charge density (surface) Pe coulomb/meter? C/m?
Charge density (volume) P coulomb/meter? C/m?
Conductance G siemens S
Conductivity lig siemens/meter S/m
Current density (surface) J ampere/meter Afm
Current density (volume) J ampere/meter? A/m?
Dielectric constant €, (dimensionless) —
(relative permittivity)
Directivity D (dimensionless) —
Electric dipole moment p coulomb-meter C'm
Electric displacement D coulomb/meter? C/m?*
{Electric flux density)
Electric field intensity E volt/meter V/m
Electric potential ¥ volt . - \Y
Electric susceptibility Xe (dimensionless) —
Electromotive force v volt v
Energy (work) W joule ¥
Energy density w joule/meter? Jjm?
Force F newton N
Frequency f hertz Hz
Iimpedance Z,n ohm Q
Inductance L henry H

¥
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5§yﬁﬂunfﬁslm%ﬂ’\iﬁ§m«§ (Derived Quantities) (si0)

Quantity Symbol Unit Abbreviation
Magnetic dipole moment m ampere-meter? A-m?
Magnetic field intensity H ampere/meter Afm
Magnetic flux < weber Wb
Magnetic flux density B tesla T
Magnetic potential (vector} A weber/meter Wh/m
Magnetic susceptibility T (dimensicnless) —
Magnetization M ampere/meter Afm
Magnetomotive force Vo ampers A
Permeability i, Ho henry/meter H/m
Permittivity €, €q farad/meter F/m
Phase ¢ radian rad
Phase constant Iij radian/meter rad/m
Polarization vector P coutomb/meter? C/m?
Power P watt W
Poynting vector P waltt/meter? W/m?
{power density)

Propagation constant ¥ meter ! m~!
Radiation intensity U watt/steradian W/sr
Reactance X chm Q
Relative permeability H (dimensionless) e
Relative permittivity €, {dimensionless} ——
(dielectric constant}

Reluctance # henry ¢ H!
Resistance R ohm Q
Susceptance B siemens S
Torque T newton-meter N-m
Velocity u meter/second m/s
Voltage Vv volt v
Wavelength A meter m
Wavenumber k radian/meter rad/m
Work (energy) W joule J



a.3 wnglaTsanlsidudagauMultiple and Submultiple of Units)

Factor by Which Unit Is Multiplied Prefix Symbol

1 Q00 000 000 000 000 000 = 1018 exa E
1 000000 000 000000 = 1013 peta P

1 000 000 000 000 = 1012 tera T

1 000 000 000 = 10° giga G

1000 000 = 10 mega M
1000 = 10° kilo k
100 = 102 hecto! h

10 = 10 deka'  da
0.1=10""! decit d
001 =10"2 centit c

0.001 = 1073 milli m
0.000 001 = 10~° micro it
0.000 000 001 = 1077 nano n
0.000 000 000 001 = 10712 pico p
0.000 000 000000 001 = 10713 fermto f
0.000 000 000 000 000 001 = 10718 atto a

! These prefixes are generally not used except for measurements of

length, area, and volume.
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MAHWIN 9,

A ¢ o o ¢ 4 ‘o ;4
MIIAEHIIANNANT RS DDA AWk AR uHLUFIUA LN

31 9IAUSENOUAINBUIVINIINBIAUTEN UMM UWILN (Transverse

Components From Axial Components)

nnaunsusandiadlulueadises (Maxwell’s Equations)

VxH =(o + jwe)k (4. 1)
VxE=-jouH (. 2)
V-E=0 (9. 3)
V-H=0 (4. 4)

FasaaumMIfi(.1) waz (1.2)
Vx(VxH)=(o+joe)VxE)  (35)
Vx(VxE)=—jou(VxH) (3.6)
luﬁiﬁqﬂamﬂummﬂ%&ﬁqmamﬁ'ﬁﬁ”l,ajﬁnﬁgmul,%a(ioss less) o = 0 Sraiiuam
msifisathaduaansadowldiils
VX(V xﬁ):ja)g(VxE) (4.7)
Vx(VxE)=—jou(VxH) (4.8)
lufinaaifidou aldmmefvesadanmdu
VA =(V*A)a, + (VA ))a, +(V’A,)a, (3.9)
PnLensnEalBIINLAeS
Vx(VxA)=V(V-A)-V?A (5.10)
wnufliase 1B (Curl Curls) uaslfannn3(e.3) ez (0.4) axldmunisnduwuutan

b6 a%(Vector Wave Equations)

Vx(VxH)=V(V H)-V*H = jouV xE (4.11)
Vx(VXE)=V(V-E)~V2E = - jouV x H (4.12)
VH =w*ucH (3.13)
V*E =-0’uskE (4.14)

< ' .
FUNIIN (4.13) LLaz(a.M)L‘%um’\ sunsiaulaad (Helmholtz Equation)
PINENMITT (3.2) wldaumsainas 3 sumshie

~ jopH = JKE, + agj (4.15)
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OE,

~ JouH , = = JkE, - (4.16)
oK, oK
—jouH,=—Y = 347
Joutd > o (3.17)
Tapfian Kk da d’lmﬁLWﬁ(Phase Constant)
wszan (0.1) e o = 0 lRldrunsanafifiuandn 3 sums

jweE, = jkH , + o, (5.18)
JjoeE | =~ jkH - oH, (4.19)

OH, oH
jwsE, = —2% - —*% (4.20)

ox Oy

LISIENSONNEA H, 52wiWguns (4.15) uay (3.19) usr H, FTRINNRUANS
(4.16) uaz (3.18) ale

E, :_j_l;aEz +ja)2,u oH ,

k; oy k; Ox

o __JKOE, _joudH,

* kf Ox kX oy
Taofien &2 = o’ue—k* (radim) $80i3unn Critical Wave Number
fvinmsunuiENms (4.21) uaz (4.22) adldluaunns (4.18) uaz (3.19) ald
__JkOH, jows OF,

(4.21)

(4.22)

= 3.23
ey K o (23]
ik 0H, jowe OF
x:_%a 2+Jafa : (9.24)
kX ox k] oy
4.2 MIRIEURINANIENY {(Determination of The Axial Field)
IINFUMTARL
2 2
aag’ +%ygz—+kmez =0 (9.25)
lasinuald ki = w*ué -k

AU BIRNNSARRANAIDISHENAIL SR
H,(x,y)= (A, cosk.x+ B, sink x)(4, cosk,y+ B, sink,y) (4.26)

= 2 2 _ L2
Tawh K2 +kE=kiy
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InaNmf (1.26) dunfimsandenluuauiva(Boundary Condition)lasfiain
é'f':maﬁdﬁﬁuﬁ’aLﬂuﬁ’aﬂ’lamﬁzﬁ(Peﬁedﬂy Conducting Boundary) fidnunily x=0
fin B, =0 aflasrinl H ,=0 wazlurhuaadsiuiidumi y=0 1 B, =0
uiahmsswenedl 4 uar 4, Willudnasiilnide 4asled

H, =Asink xsink,y (4.27)
nndawlivanee H, =0 fl x=a uaz y=> Feezaunsaheduldie
sink,a=0v3a k=27 (m=012,..) (3.28)

a

ez
sink,b=0 n3a k, = ”7” (n=012,.) (4.29)

! ' o [y o i | Y=
weazguesiImANLIN () sniiu (0,0) tnualuun TE fHuendroiudbs
[y 1 A i
WEHAITILEN TEmy WANARIEWINMNUNL

H, (x,y=H_ cos@cos?—gy— {4.30)
a

[
G4 o

wazf1 Critical Wave Number w82 Wave Number mm‘imm@]ﬂ@m‘ﬁ

chEmn = J[%} + [}_flg.} ' (\131 )

Kpgmn = @ & ~ kg0 (4.32)

rsuTrue Taduwur TE10 luvioda awwUUEA RUNEUWL

Jao = E (3.33)

Ay = Ay = 2—” {4.34)
1""(10/ 2a) o

The = 2—:7?0 (‘1-35)

MNANAA.30) us E,, =0 deihaumstsduldunuenlusumsi 5.21)
(4.22) (4.23) Uae (3.24) 3ld

H, =H_cos— (3. 36)
a
[ 2a . X
H, = ][—JHW sin — (3. 37)
o a

. 2a . X
E, = _J%(:{MJH'"" sm; =-1,,Hd, (3. 38)

0

H,=0 (3. 39)
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E =0 (3. 40)
E =0 (3. 41)
< o o ] 3 & A | i I3 o
sy H, iilueneds eeddsznanns 3 wesswnfldddndu 0 Semun
. . L7 Qs Fg’
waadlulaluua 938 (Time-Domain) laaad

H,,=H, oos[—@]coscmr—kmz) (3. 42)
[4)

men = —(z—ajﬂ - sin(ﬁx—] sin(wt — k&, z)) (4. 43)
A a

0

E,p =11, (%EJH", sin[—mi]sin(a)t -k, z  (4.44)

0 a

3.3 aanluna TE,,

o & g = = P d o
aaulwia 7E, wwiulwanineedulawe 72 dedulwue 7E, dngn

e . A 2 a P A | = ' | {

Bunitafulnuansn via luualedunuwrivasainlulasiwiwisunlunsdiafuuuug
A a4 o e o {

Ry Sendulruailanuddyuinfiessin

d‘ﬂ/ = éj Gt L &9 i t'!. 1

1. enuianaan(Cutoff Frequency) aztRgunuwIanIdnIsuadviadinfueii
L o & 4 A 4 A \ i P A

tu denufinnuile g enviniwevasmabhaduesgneanuuuldiiniteawed

i
F= 1

P { & 4 A | o A o o
fiRpeniulnue 7E, whsinhmusamiandiwlyld ilasanaaululnuadug 9
] . o o o A = {
gorri(Higher Order Mode) azvhldilAinanuenniifinmnug@nssuvasnin
4 . . a
2. edulwue 7E, fsuuvuvesnsnyunisPolarization) vasawisidnuunaiads lag
t:l A d; A 1 ‘ ] ] A s 1 t!l
Aawnlnfezimsinfenfansuunsesvoihafuluanumiesataduanu
o C T I | w & o
famsluuny ygduasvasmalindu Feguuuvesnsnyuasfianadiiiasgnin
lodszyndlunisldnu
o ] . g o =l ) =
3. w enwhla g dimsaanau(Atienuation) SwAnInnmisgaiiuvesnaduadaiy
a P ~ ] Y A Ay 1Y d-' o Tt A A
TagAltlumnGariohafuiidiessnn WeSsufsuiunsgyfedu g
w & 2 a a 2 d A & A 7]
gaiulumsfnwwgdnssuvesniulnue 72 SemwnsnfesdnnzAiifisniulnueg
L' o L o 2 W
TE,, fifigawaud dwsumsneanadvsssmsvasniuinlnsnlaue 75, :Duasi
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H,=H, cos™> (4. 45)

a

2a o

H, = H
g J[zw] o S0 (4. 46)
= -—_]?70[ JHW sin 2= =-no.H, (4. 47)

Ay a

H,=0 (4. 48)
E,=0 (3. 49)
E =0 (4. 50)

a v d ' =Y & | ) ] e
fwdy H,, Mlud19ds ssdilsznouns 3 assswnadlifidwiln 0 Ssaanm
: . N ‘

uaadlulauuyeaaan(Time-Domain) Taadit

H,, =H, cos[ﬁjcos(a)t —k,z) (4. 51)
a _

H = —(2 JHIO sm[ )sm(cot ki 2) (4. 52)
o a

E, 770[/1 ]Hm sm[j:]sin(a)t —kyy2) (3. 53)
0
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AMAHWIT 2.

Qe & .
Lananuatwasaniaas(Vector ldentities)

A'BXC=B-CxXxA=C-AxB
Ax(BxC)=BA-C)-CA-B)
VV) = ¢ 9V + VI
V-(A) = ¢yV A+ A VY
VXA =yVX A+ VP XA

V. (AXB)=B-(VXA -~ A-(VXB)
V.- VV=VYVy
TXxVXA=VV-A) - VA
Vx9%V=0

V (VXA =0

J"_V “Adv= iA - ds (Divergence theorem)

LV X A -ds= jg(_A - df (Stokes's theorem)
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TssBougmundinn o.fles w.uamofinn nnunldnu Thai-American lufnundadng
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