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Abstract:
tions of the antenna are obtained. Results are verified by moment methods, the good agreements prove the efficiency and correctness

The paper analyzes the circular loop antenna based on the theory of Maxwellian circuits, and the current distribu-

of the analysis in the paper. Through closer investigation on the second order MC equation, we deduce the current’s analytical for-
mula of the circular loop antenna. The formula suits to compute the circular loop antenna of any size. The results of the paper have

certain reference significance to more complicated electromagnetic structures.

Key words: the theory of Maxwellian circuits (MC) ; circular loop antenna; method of moments (MoM)
1 3= AT R e SR TR R R s, AR 2
=]

I8 AR — s LR ZR LA, & B AT S s
TAHAE R IORL e E RET A G52 15
BN A, & TR PR R RIS AR B AIEAD 50
ARAOREIE I B SR [ 1, 2 Jx B 36 R 2R A 1 A # 1HER
£ [en B3t . 3 5 T 16 P R R 2 L 1 T B 2 e
o3 SR AR A 2 HAT BOR R R . ansCrk (3,4 1B
T A FEL UL A1 JR R T A T B AR K B TR P R 5 3
TR IS T Fit L 2 — Fof X A, fEL X — fiseise R
BIERLZAK/DFETF 0.5 MERA AL HNLEX TS
T B SE TAE ARG B, SCRR L6, 7 170 A7 1 [ 3R KRR
SRS R, SCRRT8 1A 1 XA R BT 2

LEWLIX BRI 5T AT , A A e i s [ PR R 4R B Y
T HL L AT AR ARAF R I 5, (H X LB A 8 i i 2
A R —E RET WA2 WnSCiik[3 ~ 5. i HLfg A

Wik H 11 :2010-10-14; & 7] B #:2011-01-20

FRAISEAR AR MoM™®, FDTD!) 30 JiF AN A5 Jy i i 1 46
AT ATEIR T RRST B PR R Z A RESR A (4 [0 3L, 9K 1773
SERUETT R TR AR I A BEAT BAR G i B, A
TR A5 Z AR I, 2 7a i =6 o B e (MC)
TERTFE IR IR R L A AR, B3R R 2R i) MC 5 R E
SR T8 1 L AT AR 21— 3 7 [ 26 25 4 2 1
SIS} T VI /A W s 2 TR Al 7 WO Ky S
R 73 Wi i B NG L 5 JL I B AT AR AN L

ASCWFFE T AL T MC RS A 15 B K 2k A 2 10 H
A SRR TE A AT AT R/ P8 58] PR O 4 3 1 vl 7 11
Praak.

2 BERR&EmERHFHREEKER

LUNES S WS AS R E REE R LN DRt RS XU NE AN
2, HoPAR o, RECEAR N o WL THT FEL R0 2 V16

FAWH LT 2R (No. S30108) 5 b 7T ) 2 #5556 %= TP G0 H % Bl (No. SKLSF0201005)



o9 M

VRSCHE - THRRIFR R LR 1Y 22 vo i v B H e 1983

IR
JLJ<S’)7T(S,S’)dS' =

Dsinkls| + J J(s'")G(0,s" )0 s" cosksds’ — %/sinklsl
L

(1)

X,
n(s,s') =
G(s,s')s s - JO [90(5,985)5 $ +aG(§€’S )]
ccosk(s— &)dE, G(s,s" ) FEIN ?
H S RS AR R AL, s 0 s 43 5] Z<L—p»
FORG MR LR, kSR
D RFER, g Z2AH 4
25 [B) IR BT, V2 15t L H
Hs. W ARIXANTT RER SR AR A
G2 VG MoM KA, tufy s 1 EPRRASHREE
— MR AR T A

FEMEE Y W TR LA R R,
R — D T R, 5 Z A 5 10 7 R () e 1
— B MC 53 7 R A

3—5 = —jwCV + Bl
dv )
g = " Jell+aV+ E™

Kb, o AP, B R BRGTTE R LR WA 7 1)
DIl i, L 2 AU, € B i A, o M B JEH T
WA AT, 2X(2) M 407 # A e A {0 15
277 FERAR -5 FL B A9 1R B GO, AR T & e M R 7
FRLEL (4 frf 5 VL B 100 48 T B 0 A DG Y, 2 TH Y
RZETE AT T RA WS 1K) . MC 5 P o 18 A% i
LR I AR T IR oV F AL, EATTR VR FRE 2 F R
PR Hi % 2 TE] R 5 VE T IR AT LA MC 5 2 5
BRI L T R, B AN E AT DL T 5 e B ) e AT
AMERR 153 5 R] .

B —1TrRExt 13RS, I8 5 — A I ke
R B 15 MC B oy o7 i

2

j—lf+ U%+ Tl = - jwCE™ (3)
S __(1dC _ 2 BdcC _dB
A U= (Cdl+a+,8),T—wLC+Cdl+a/3 a1

v FHESHE U.T.C R5REATAKL, M50
PN TR RITCIE R T Ak B H B PR8I eT, o1 R
L A RN, HEER & RGEA A UL, U
T C AN 33 Sk ph o — 1 o B DA GIE A . T B33
O, AR R EE R GEAR IR AL T A ol s 18] i R 2 L
L4 R IR G R R R

ST REA L, MC J7 FEES AR TR 58, W) B L —
TR RE LRI A S AN /R S s VIR G

3 HEXE

3.1 ERHFHEESHAIRR

A0 (3) Al AL, MC D7 R R ) = AN 22 S i 45 L i S
BOUT. CB IR ARG, D620 0 JeR AR I v — 1 2
MG I ARk, UL T C &R R R AR,
W6 LR =X 5% Rz A Rl R R U A AT AR X — — X
7D AT L AR A MC R B AT SR B MC L S
B AR A R R i = A H A,
T A T R SR 5 AR X R AR 3, DA T AR A T
) =% FEL I 0 A Rl . 3 — i I Bl PR O L IR AR 1R 0
(Matron %)[15].

B PR R KNI R UL T. C £
Sl 2 & 3 Fros . NEIRRTLE M, U.T.C &5
B, 00 ELBR T AR AL R BEER LLAN , e M B AR
SR BRI U= 0. Y B P42 55 K B ixX — R ik 5T
A, e AN 3 RE UL T ¢ BRI SR, T HL
BT R AR o e a5 Akl S B A R BR B 4L X —
MG AE R M BUE RS 8 A2 0 0, B T LAV 4450
TERHRL LT, — K MC S5 &8, i 51
i 2620 N I BB B A G, G R 3 5 4 S A 5% s FE 45 #9018
(b s BN H 8, B U = 0, 1 1 I A5 A0 B 2 B R
A5 MC HL B S E0R X — FEPE AT DARNR Ze 25 0 5o A
S, B0 MC HLBE S BUR AR b T DI R 1AL R R S5 40 R %
SE, RZIRER.

3.2 FREBIRKE

K15 MC HEESE LU, X (3) BN — A4~ aT LA
KGR TR BN AR R N 553, XA — /)
ByE MC 7, I EUE 22 0 OB o it 8L 45 60
30 V= E™AL N1 .

Q2+ UAD G, +2(T,AP=-2)i,+ (2= UALI,_,

= —RwCVAL ,n=1,2,,N

A AL BB/ NBERELWINK, U=1{U,},T=1T,},C=
{C,1,n=1,2,,N.2(4) T ARy S i B =X,
W T=1{i,0,n=1,2,-, N AI 0 i 50 4 5 R 75
4 & 5 73 B ko =0.01 Fl ko = 0.5 BYRIFRRLL (1 H
oA e . B AR AT WL, MC 33445 01 5 40 s 4k
RV G R B 4 25 RN PR R T i i o A A
SN, JCIR RIS S AH O AR — AL

3.3 ERXREMNBABRS

2R H B R 4R 1 L YL 23 AT LA S, e R RAAR O il
SR A S AL R 6 R . AT LUK,
6 TR 45 R 525 % k[ 161108 BT & 5.5 143 M L.
X A5 — A0 I B A SC 5 TR B4 T A R R



1984 - ' 2011 4§
1 X107
0r o 40 /= —\
51 30} B 8F * K
D 0 ke -+ ~201 i:
-SJ 10f 2|
0
10 F 0
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 2580 00 150 200 260 300 350
[ R LR A% £h1/(°) B FR R IR F0/(°) [5G  R £k PRI A% £ /°)
E2 BEHRLEWU, T, CHLRE, kp=0.5
x10-12
10f - 40-/¥ -\ 10l
i ol / 52 /[ S |
5 30 8
/ * * R
D0 &0t 6f
nl
5F 10 2 ¥ P
-10 i 1 1 1 0_‘ .“* o I 1 1 1
0 100 200 300 0 100 200 300 25 100 200 300
[F R RER IR A1/ (°) (B A R £k R A% £ /(°) B R £ R A% £/ (°)
B3 BHRLRU, T, CHLE, kp=3
s o wn AR LR FE TP 0 6 07 0, LD 0 S0
: 2
0.058 s 895 ﬁjﬁlf + TI =0 1y i 2
< 0.0s6} e
2 oosa % <0 I = Asin/ Top + Beos/ Togp (5)
0052} Tme | Mo Hoer, A 1B R S0 R 5 PR R A o ol A 4k
0.05 s . . -91 . s s
0 100 200 _ 300 0 100 200 300 THESEE, L NEENENEEE S S v(0)=0.5,V
SR 22 0K /) B R /C) LHRESAE , LA AL T Ej}i%{i( (=9
B4 [BIPFR LA, kp=0.01, MC 5 MoMit 45 Rt (2n) = —0.5), AT B2 1 A 2R 20 0 LA % T P 97 1
M M Bt
x104 L7 [V
o] S0 —, MoM = - deC (sinv/ Tpp + L+ cosdmp T ﬁcosﬁ )
< 10f e * MC 2T op sin27rpﬁ of
8t < o
% 6L Vo % (6)
- —Mo. " S, NI o > Sy
; e o BT (6) AT 10) = 1(2m) WL AL VA
0 IEI160 éﬂé;;%iﬁ 300 0 lﬁlmo fﬁé‘?%iﬁa 300 RISt BREEITRRIEZ |/ 7 4 T8 Az A R
HRE 1©) HRE 1) em gz 3 BT T 2 Bl e 925 7
o ALUL AT IR ABUE 7 5 (MoM) TR A R e 2 &
8 R (6) BT aE NP, DA HERR . R B, 1&] 7
; AR AL 1 4 7829 J 7 ) (B 34 R 2k b 0 AR 7 B T2 H A B
25 SRR I — RN BT R X — R A K
4 AT Ry B X B /N B [ 24 R R s, H A
<
€3 i P
2 <0t WA HLHE 4 A
1 — Ml a4 — Wi
0 » ) ) ) 15 + W 200F + Wby
0 01 02 03 04 05 - o
[ 32480 % 0 E 400
Ee6 BARLZKMABSHE MCE5S% z & 600
)‘Cﬁ[lG]lOSﬁS.SX‘J‘tﬁ 51 * 800k
. (@ , ®
N . . 100 200 300 100 200 300
4 BEIREFTEERBHAN WIEF KRB A0/(°) W6 KRB 50/(°)
. . " . B7 BEHEMoMAERITR(RG)HHERSE R A,
K2 i 3 R, M KL NS U ERT KL kp=5.3

L FBRI A ASMEAL U = 0. X —FREA B THATT 3R



o9 M

VRSCHE - THRRIFR R LR 1Y 22 vo i v B H e 1985

5 #ig

T MC BEIE A SO [ R R LA T B8 73 B AL
HITH3, 7R T MC S50 3 IR, 15 3] 1 B PR R 26
KRR B 2 R SR LT R A RS2
W15, s AR SCRE S 73 A7 19 15 8 1 A0 R0{EL T 53 4 o
Bk I H X MC B R TR EE AT 5T, 75 21 5 35
TR T FL UL A0 i A 2 2 3 2% A A i B AT AT AT BR
XMERE RN BRI R LA IE & . MC S HHA W R 1Y)
P ST EATRE S R BRI 2420, X% 07
EA B TR R — KR

S 30k

[1] R W P King, G S Smith. Antennas in Matter: Fundamentals,
Theory and Applications [ M ]. Cambridge, MA: MIT Press,
1981.527 - 605.

[2] C A Balanis. Antenna Theory, Analysis, and Design[ M] . New
York: John Wiley & Sons Inc,2005.164 — 203.

[3] D Foster. Loop Antennas with Uniform Current[ A]. Alfred
Norton Goldsmith. Proceedings of the IRE[ C] . New York: In-
stitute of Radio Engineers, 1944.603 - 607.

[4] J B Sherman. Circular Loop Antennas at Ultra-high Frequencies
[A]. Alfred Norton Goldsmith. Proceedings of the IRE[C].
New York: Institute of Radio Engineers, 1944 .534 — 537.

[5] G Glinski.Note on the circular loop antennas with nonuniform

Current distribution J].J Appl Phys, 1947,18(7) :638 — 644.

B A T, % O, s b A: . (BP0 R 4 iy By Bl A R 25 93

SIBTLI] . HLBERL 2 4, 2002, 17(6) : 577 - 580.

LI Tai-quan, TIAN Mao, WU Qing-lin, XIU Ji-sheng. Analysis

of a round strip antenna using the finite-difference time-domain

method[ J] . Chinese Journal of Radio Science,2002,17(6) :577

—580. (in Chinese)

Ak I B K 2K i AT T A (7] . DG H A B 2 AR

1998,10(4):15-17.

DU Fei-ping. On the radiation of loop antenna[J]. Journal of

(6

[l

[7

[E)

Chongging University of Posts and Telecommunications, 1998,
10(4) :15-17. (in Chinese)
(8] TR, Wi 2, et . WA K2k ) BHL BT B 18 AR 1L
L] AR R AR (A IR BEA ) , 1987,17(4) 15 - 20.
(9] AFAN, B AE- , R AE S, B S 40 o ok v BEL B 26 I 1) i
RS [I] . T34, 2007,35(12) :2354 - 2358.
REN Yi, NIE Zai-ping, ZHAO Yan-wen, MA Wen-min. Scari-
fication of the impedance matrix in MoM[ J]. Acta Electronica
Sinica, 2007,35(12) :2354 — 2358. (in Chinese)
[10] FKIR, A K . FDTD T35 AR 85 2 A 19 24 1) 234 1 23
A LI 2440, 2001,29(7) 1965 - 969.
ZHANG Yan, GAO Ben-qing. The analysis and synthesis of
non-uniform mesh network in FDTD computation[ J]. Acta

Electronica Sinica,2001,29(7) :965 - 969. (in Chinese)

[11] ¥, RBE. —FiRIE EN T2 SR B E RS

FI PR RRE A PR 22 - A P FR i [T 2
#%,1997,25(9) :31 - 42.
HONG Wei, ZHU Zhen-hai. A fast algorithm for the parame-
ter extraction of multilayered multiconductor interconnections:
finite difference-measured equation of invariance method[J].
Acta Electronica Sinica, 1997,25(9) :31 — 42. (in Chinese)

[12] K K Mei.On the integral equations of thin wire antennas[J] .
IEEE Trans. Antennas and Propagation, 1965, 13(3):374 —
378.

[13] K K Mei. Theory of Maxwellian circuits[ J] . RadioSci. Bull,
2003,305(9) :6 - 13.

[14] Li Li, Yao-Wu Liu, K K Mei, Kwok-Wa Leung. Applications
of the Maxwellian circuits to linear wire antennas and scatter-
ers| J].IEEE Trans. Antennas and Propagation,2006,54(10) :
2725 - 2730.

[15] Wenhui Shen, Mingliang Wu, K K Mei . Application of MEI to
Maxwellian circuits| A] . Antennas and Propagation Society In-
ternational Symposium[ C].USA,2009.1 - 4.

[16] R FRabli . 3150l g 37 i A s LM b e« [ B il
HRRAL, 1981104 - 109.

EEEN

MXKE W, 1972 4F 12 AR T RESE
W, 8. 2005 AR ERL F A R TR
FODUEIRT LR (5 515 B TR B, i
A U A I 5 1) R 22 v 0T S R, AR R
B, AR AR Rk CAD 4.

E-mail : haomeni @ 163 . com

BEE N U1,19854F 12 AR T L, BT
PO S o R ONE S RS YR
ERWIET 6] 2 ro i L B B
E-mail : xuechangwei01129 @ sina.. com

WEE U192 WM AT Bl . 1956 4R 50D T 56 E B
SR B KA 9 N R 2 A 5 R 43 2 R i e 3T R R R L
R MPEF AN IEEE Life Fellow, H 32222 AR TTHAE 72 B 1 14
BE TR H e 32 AHESE 9 METL 5% SRR R R sl 5 i
BEHE . E-mail : eekkmei @ cityu.. edu. hk

WEE U, 1988 4F | H AT BT, OR S A B T i
R BAE S5 B LR, FEERTTETT 1) 22 s 15 it B Hs

E-mail : reallylin @ hotmail . com



