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Abstract

This thesis concerns the analysis and measurment of the characteristics
of small shielded and bare loop antennas whose circumferences are short
compared to the operating wave-lengths. The measured H-plane radiation
pattern of bare loop antenna show distorted circular pattern instead of
figure-eight configuration as predicted by theoretical ahalysis, and the
measured input impedance of this antenna is closed to theoretical prediction.
In the case of small shielded circular loop antenna which have been used in
many difference occasions for many years but the problem is how to theoretically
predict the characteristics of this type of antennas.. When it is necessary
and unavoidable to use the antenna as the transmitting antenna, the knowledge
of its self-resonance frequency is very importance. Tﬁis thesis suggests
how to calculate the resonance frequencies of small shielded circular loop
antennas which are constructed from copper wires of different sizes.
The simple theoretical prediction show that the self-resonance frequency
of the antenna depends on many factors, especially “the dielectric constant
of the insulator contained between antenna wire and shielded copper tube.

This agrees to the measured result of impedance and resonance frequency.

The studying of small shielded elliptic loop antennas which
constructed by deforming thé small shielded circular loop antennas to become
the elliptic loop with different axial ratios but keeping the circumference
to be constant. The derivation of their pattern radiation for H-plane show
the same figure-eight configuration as small circular loop antenna and E-
plane pattern radiation are also approach figure-eight configuration depend

on decreasing of axial ratio, but the different of their power level are



very small compared with every point on antenna. It is to be case of difficult

to determine the pattern radiation measurment. The impedance calculation

method of small shielded circular loop antenna are also the principle of

small shielded elliptic loop antenna. Antenna inductance deriving solution

is not analytic solution but we can solve by numerical integration method

which develope to use for this solution.
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© CIRCULAR LOOP,Z=123.75 Q,p=6.65 cm,ry=0.04 em,C; =0. 135
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T1081N1AMINIviauntdn  (Small Elliptic Loop)
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wua  H-plane (fuguias 8  #vuanvuluguil 2,2-(n) usainaunasi (2,6) WHY LMD SUNTS

[
e,

L ¢ N i ey = P : . & w2
unsalubuagiuyu 6 suaidun ludnas wWiouulaw ey ﬂtﬂﬁnuiﬂ fivtl E-plane 39
1 & © = ) o .
auiinaz ithiavnay o polar graph e Lldsueanaperiaanavasnay L chuanseinaen i
sy o ~ 4 = 7 y ¢ b s o 2w <
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# L - ] )
3z analytic selution QBN TUNASTUHD LI BTN TUNS AU LU G, N, lsandoulas(lz]
o S kiv & i} Yo & oH = & Lo !
Fegthavunnine sull lamvaanew ituady warlufnantmnsselifledSou ifiouay - @au
' o Y ] = A A . P @) N
a8y N.Amano unz T,DOT [12] wunashoanunfdlait analytic solution uasithuinasmaag

° & o 8 '
Approximation T m¥UYe §,Sato uax R.Sato [14] fufivuuazfnaduaisennauunn

- \ ™ - h ) c v g
Lan uensruanteunitihi  non—uniform wazSinasleurwavaunasniulewsayl wefinsamau
b o 7] = & AE ] = b 4 ° & st
laaqgnesy  wanwenasfivlananuauaail grdoudviafniiazmin1stasasn wan g
o LI+ i ) p o 5 Lj = 3 .
WoRaaunszua Wil uniform  @MSUTIROINAANINIVSYUAR LAN CX<O'1 YU
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DN L FUIIANITILBINE L NUIN ﬂﬂimuﬂmuqﬂ%aﬂLﬁuaﬁﬂuﬂﬁﬂﬂﬁﬂ
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. A y~1 v =3 »
Tasosf tumillall 3 2fafo Troosfiimqudindoy  (rectangular coordinate) e (x,
¥,z), lransfiungnaenay (spherical coordinate) fa (r,8,0), uaz lrsosfiiun
IIunszuenivd (elliptic coordinate) o (E,1,2) ui@iwaIniImIviviineluszuy

z = 0 -uaznmun  E= Eo

Fuwdsvevlesasfiumimsenszuonivg £ uas n nomualagaunas [15]

.{.‘3 —
E = e —y (4.1)
7¢C - o
Y £>1, -1 n <~

aﬁﬂgﬂﬁ 4.1,2¢c #aszozlvfa (interfocal distance), 2a (Dusaiuin
unuien (major axis), 2b (thumiwu unuln (minor axis), eccentricity e=c/a=1/E

5 0 e
e di Lo s anaanaananunsd

- )

de = C /_‘gj-n dq (4.2)
J 1 -n

Jjwt

o ¥ s, LW ¢ v : <5 Ao
nezuaivau L uleiuduagiiu 1 e fitmvnasnaravnscusluluftanay 1 (Fotddou

e g b — o pn o .
ATy Inivnuioeey 1 (unit vector an) vduunu x,v,z Tulneoss LumgUd induuasla

2 5=
” (&7 -1)(1-n )ay

o
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_Ja-nh ety -
X n 2 2 2 ay
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+,r1A1—n2)(£2-1) - (4.3)

- a
E€*n?) a-n?y ¥

& ' . = = & ) < '
frathund wmuuuugevnssud (current density) J  #ivougadvansanasaisoule iy

\—](naz ) & JO 2

(Ez-nz)(l—n )

2 2
ioen [SEE0 5] G
X ¥ :

dounliman vector potential, A azle

il i J N\ eikr+
A Z%'v J(ﬂ,i)‘;; dv
129 § J eikr+ 4
N I(n,g);;' as an

i

& o e e o
Wonszuaflna 1ty Uniform  sretiu I,0,8)= 14 uazivfouwmilvulaoniy  cosv = 1,

war cosh u = £ usn A auunu x Wazlou iy szia

™ 5 -
Axl . { ikry Ter { COShuO } dv
S T sinv e -8 J
A J el o °lr v sinhu, cotv
y 4 + = { 0 | o

{(4.6)

o . . g PR . FTS. O
la o+ flaszusnavannuaen® Lninnau (go,nO,O) TUquﬂwwauﬂWﬁTwﬂvﬁutuu“u1utwu1
o T s v E s ey o & & P ,
fignlag P(E,n,2) Tulmeesfilunsimsenszusnivg  szummaw r- nunfeufuscor 1+

uils phase shift =an v 1 fu v T
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ofaznannasdus insmvasdu Sunszequiney Green's function ‘neyilu

wauwey Hankel function wov Bessel function [16]

o o0 ] . ,
elkrs . 1 f 1ﬂﬂé(gp+)e1hzdz (4.7)

A o T

i 2 .2 e
ia B = 4k -h" uax Py flaszuzaan qa (€ ,no,O) luiegm P Tuszuw x,y, nszeng
¢ i .

Hankel funtion 1ﬁag1utwanwan Mathiéu function [5}

N

E
m=0  Me (Bc)
m

eikr+ w 1
- i J [ Se (Bc,cosv ) Se (Bc,cosv)
o m

. Je (h,coshu,)He(l)(Bc,coshu)
m o’ m

+ 5L ; — ]So (Rc,cosv )So (Bc,cosv)
mn

LYo (Bcyeoshu )Ho(l) (BC,coshu)} elhz dh (4.8)
m O m

(thi even uaz odd angular Mathieu function wev order m

o (19 €1)
Smiu Je Jom way He [Ho

kﬂa Se umz So
m m

ithy radial Mathieuweay first kind way third
m

kind, Me sz Mo (thi normalization factor ina
m

Me Mo, = 62159m,80m]2dv (4.9)
Tunsiil u < uoszuxwﬁuawﬂgﬂnﬁ;ﬂmﬂ§u1dﬁuﬂﬂ€UﬂﬁuLﬁu r-  #wfudviddou  phase
v v arla
(4.10)

Se,o (pc,-cosv )= (-1)"Se,o_(pc.cosvy)
) mE ot m
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wauAIELnA A (4.6) @aumunsil (4.8),(4.9) uaz (4.10) Naﬁnggaq green's

; . 4 N y = ﬁ A
function n3ZygInaN - Uaz r+  asnuattulay sy inauy

Ay -ip T ¢ J 3 ihis g : (e
= ——i—— e dh %ﬂ:o FZéil j 'Se2m+1(Bc,cosvb)
A - 0 .
¥ , .
~coshuosinvo " qoshuosinv d
’ dv ~ - VC
SinhuOCOSVO + F2£+10j s°2m+l(BL’COS¥>) sinhuocoqu
(4.11)
y : 1k : - (1)
da F. . o dE Se,o (Be,cosv)Je,o0 (Be, coshu )H (Bec ,cosh
skl /P I o2 & 2wy \ 0oy
(4.12)
M3¥370  angular Mathieu function luinewwsy Fourier. le
Se (Bc,cosv) = z B_e(Be,m)cos v (4.13)
=0
So (Bc,cosv ) = Y, B o(Bc,m) sinrv ’ (4.14)
m o =0 T o

2 Lt . "y ‘:’
wiuanaunas (4.12) saomunisi (4.13) uar (4.14)  sandhun Tdununnaslusunasi (4.11)
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wonaun1sBuR Lnov L tuaug il
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s d
11 O[ qinv Se2m+1(8c,c0 VO) vy

(i
+ iny d (4.15)
= f Be2 +ch,Qmﬂ) j cos (2r 1)vos nvo .
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- m
12 = E Ba (Be,2m+1) J cos(2r+1)v cosv dv  (4.16)
r=0 Irtl 0 o 0o o
00 i
I3 = % BO (Bc,2mt1) J sinv sin(2r+1) v dv (Gal7)
r=0 “2r+l . o =
0
o) m
I4 = % Bo - (Be,2mtl) Jsin(2r+l)v cosvy dv (4.18)
r=0 "2r+l 0 e o0
nauna(4.15)  veuBufitnanweviuds v Jaadef
o
d =0
4
J cosv. sinv dv =/ 0
O O O
0
q r=1
4l
[ co8, 3V Siavydy/ N0
o 40
0
A r=2
il ,
J cos 5v sinv dy = 0
0 o\ &9
0
4 r=3
i
J cos 7v sinv_dv = 0
o )
0
wiuananfiavluaunisi (14.15)  azle
I = 0 . (4.19)

RAnEUNST (4.16) vaufuf inavuavdiuds vO Tadail

4 =0

N

T
J coszvodvo =
0
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cosviv cosv dv
e o o
4]

T
cos 5v cosv dv
o o o

A r=3

il
cos Sy cosv dv
0 0o o
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i ] 1] o’ 1 4
wiuen inanfias luauna 597 (4.16)a:1q
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‘Q‘ Bel (3(,,1)

INFUNT 5 (4.17)twamﬁuﬁLnswmanmduﬂﬁﬁﬂwﬁqﬁ

4 r=0

T
2
sin vy dv
O

0

O

T
sin 3v sinv dv
0 0 o o
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sin 5V sinv dv
o o o
0

7 =3
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J sin TVOSinVOdVO
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nwuﬂﬁuwawﬁ&wiuauﬂﬂsﬁ (4.17) =/l

13 = .% Blo {Bc,1) (4,21)

w} 3 LI
IMAUNT (4,18)  tnauBudinnvevsudsdaag

A =0
m
J sinv cosv dy = 0
o o 0
0
fl r=1
(i
J sin3v cosv dv, =0
0 o 0o
0
d r=2
g
J sinbv cosy dy = 0
o o o
O
fr=3
™
j siny cosv.dv = 0
o Q QO
o]
1 = 0 (4,22}
4
WNuAY Il, Tga I, I, avluaunis (4.11)  la
( ’ S ¢
‘ A - Pio.ﬂ% coahuoBlo(Bb,l)
l -iy T ¢ J elhzdi 5
A ettt e %
}’ o0 ‘m=0 - ps # o i
b Fl" il blnhuDBle(BL,])
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A «[B]o(ﬁ_cl_l_)] . 810 (BC,cosV)J o(Bc,colshu )
X o & Mj0(B¢,1) 1 o
. . ( ihz , .
=-ipolo¢ f € dh: I : -
7 -& - [_@Jgﬁﬁ(d_l)‘] .'S1e (Bc,cos v)'Jle(BC’COShuo)
Ay Mie(Bc)
.rfl)o(gc coshu)coshu
1 : 0 ;
(1). . (4.23)
.H_e(pc,coshu)sinhu : :
1 0
lunsil far field o u » o iU Approximate ¥av }(ii)e , 0 (BC,'coéhu)
1t
1) ; w
lim He,o, (B¢, coshu) . 1~ o (Bc coshu ;3—})
u—= e Iz =
i (Bp3M
( J:B%: ¢ A (4.24)

- P . .
ip p vt Fad Tuszuau Xy wivaan vUdpu iy spherical coordinate 1,0

2zls p = rsind uaz h = kcosH a1l 8 = ksin@
A}I: ik « |7 [I:?}B_E 'C,%}S ]«-O(BC’COSV)JIO( Be, coshuo) Coghuo
= - [2T7iwréc et 2 1°(Bes , :
= ' Bqe(Be,1)S e(Bc,cosv)d e(BC,COShugsinhu
F 2% “ipcd| s LS 7 1 "
A M le( Be,1)
y ;
(4.25)
n‘;:vmaum‘iﬁ (4.25) ‘lumauwanﬂ\rﬁuﬂﬂﬂwm Polar Coordinate #o
k /87 " B o(B,1)] 5,008 B
SindJ (KT) = /8% L B o(bc,1)|S,0(B¢, cosv) J,0 (ke, coshu )
2 wo MlIo(BC,l) L ° (4.26)
Wz
[o0]
CoséJ (kr) = 481 z _}}.f;@f,ll S e (Bc,cos¥) Jie (BC, coshu )
2 w0 M je(B,1) ° (4.27)

wiusunsl (4.25)  maoaunash (4.26) wazaunad (4.27) la
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-sind Jl . a2+}2) CoshuO

T /)',
2r cos® J ( uz+y“) sinhuo
1

TUO S U LVND

~sind Jy(kr) coshu
o ikr i o
MlﬁO[oC*% |
“r cosl Jl(kr) sinhuo J
[x2: +2

¢ coshu sing cosp
)

¢ sidhu sin® sinf
0

ke Sinhuosine sing

ke COshum.dine cosf

ikr
~1poIg c e
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sun1sunseau  E-plane wsfiaiiu
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. 22,
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- ’ ] Za ﬂ § o ET
aunAIUMN LasnIaunaady  wevege NN ﬁﬁﬂunﬂaﬁ (4.31) fevhiiuanu
! ° =) &~ °
aanaanIIvaay  wanasidioudaudsivil ¢ > 0 W8T = coshu > URVGN
O [0}
tfuafu  ginhu -+ o sru MU Ccos hu - p U8Z (.sin hu -p 1a p
’ o o o , o "o o

Shidadaavavnay Faluazle

1/2

i

el [ (s 5 Bt e (T _n (B )Y
: SRR LT

~wyp Iof { (sing J, (kp sing ) )2 + (cosP J (k p sin@))z]l/z
2r © ' ¢

B

L]

]

~wiioTofy - J; (kp, sing) (4.32)
1

- ] [ - °y
Eé Ao WANLIYBIUNISUNIARULD N EIHEINIANININNGY HAYDVUNWY LV TUNTSUN IARUUDN
c

“ <
W INAINSTUAR LANUEANIN U 4.2

4.2 ausaunasunsaau (radiation resistance) ABNTIWAINIFANININS LUiney

. Py » - L | x| .
LB INIANININTAUIR LRMIU UKD InasunSURSARURUELN A (4,31)

* - —— -
gwrsamaadszuanlade argument Janvaminn q luidds

3 Glateh q/g%f (4.39)

i

Foifusunsf (4.31)  FviBeulmile T

5 2 A 2.1/
: ‘ 2 . 2
8 = —wugToc [ { a Jobar? COShuO} +{ R snnhuo} }
21 VA 2 J2

[

- wiuplo¢ | (ke cos inhu-si S 2 ; , <in : - 2}
,_”L%}__M[ wé_co hugsinhugsinBsing) +(g§co_huo_1.‘huos1n9\,os®)

=~ WM X&zsingcoshuosinhuo (4,34)
L.Q._,r _
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ansunnantdvenevaun iy ady  (average poynting yector); i (7)

R
B = 1 (E H) = ] E||H
SR D B
=1 Jgélz ' (4.35)
2 Zn

®
& o a ” < . o . .
e P Tunvdvvuvevauu i iy, Znﬁa intrinsic impedance %8V free space
P

flan 120 1 Hounuaunasd (4.35) a0 aunasfl (4.34) acla

P = 1 ( wpoIokcz 5ind coshu sinhuo )2

2x120% e (4.36)

[ 3 o 3 P A
ﬂﬁﬁvﬂﬂuﬁMWUﬁwuwﬁﬂi:aﬂuaaﬂawﬂﬁﬁwﬂ?ﬂﬂﬂauﬂiuﬂﬂﬁw7uﬂuu (T

Wi £ [f_Prds
20 T o) 2
- f f 159 (Iok ¢~ sinf coshu_ sin huoz r~ sinfdo dé
XS -
2
WA\=210 ﬂzli kéc“(sinhuOcoshuo) (4.37)

UANAEN LA UNS NS T uanae H47 LT

. (4.38)

o N » S ) P - a ! |
AUl ANAIIURIUNITURSARY (Rr) maunsh (4.37) Janiu
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20 12 kﬂﬁsinhuocoshuo)z

20 k¥ A% (4.39)
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i = 7.5 am.
.0 cm. = 7.0 cm.
.0 am = 5.0 am.
.0 cm. = 3.0 cm.
.0 cm. = 1.0 cm.
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/
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luszuuauwu indn . (BE-plane)
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