Radiation From the Circular
Loop Antenna System
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Magnetic Fields Components : uhlidl Jlaa)) clsye sla) 4-4

B (0 Hy, Hy, Hy srasbalinal) Jlaadl Sy slayl (Sas (4-3) Asled) alasiu,

: any)
1 [d(sinBAg) 24 _
T ,ursint?[ a0 0 (29 -3)
_ 111 a4, 9(rAp) _
HB - ur Lsin@ 09 ar (30 3)
_ _1_ d(rdg) _ dA, -
Ho = ur Ll or ae] (31-3)

(31-3)5 (30-3) 5 (29-3) & (28-3)  (27-3)5 (26-3) ¥laall (ymy ety

3 d.\c Jans

Hy, = =120 g9 (32 -3)

Ho = —1£20 g7 (33 -3)
Hy =0 (34 —3)

23




gl =122+ G, (35 — 3)
¢ =22+ Gcotd (36 — 3)
D e duanin = 1 g (23-3) 5 (21-3) Asledd) e

Gy = Xm=1%m QmPim (37 -3)
Pim = Pm(cos8)pm (0) (38-3)
2 = et Qi O T2 (39-3)
S = T Gy P 2 (40 - 3)

 ole Joasi (35-3) i (40-3) 5 (37-3) c¥alaall Giapaty

91 =T Xm=1%mPim _B;J_rm + Xm=1%m QmPim
= 3ty Prm (T2 + Q) (41-3)
b b all
=124 q, (42 - 3)

Pk WS (41-3) dolaad) S oSy JUll




g
g; = ?r?:l X1m lefm (43 - 3)

P sle Jaani (4-36) 4 (4-39) 5 (4-37) ¥ aleall Laygaty Gl

6 _ dp P
g1 = Z;ﬁ:l ®Xym Om a;m + cot@ Zm:l i QmPim

o0 0p1im
= 552 tym Qn (2222 + COLOP (44 - 3)
p ol gl
6 OP1m
<1m = 90 + COtGle (45 - 3)

p ol WS (44-3) Aslaall S (Ko UL

6
g7 = Ym=1%m QmSim (46 —3)

Do duani (4-33) 5 (4-32) i (4-46) 5 (4-43) ¥ slad) agpety

JBaly o 6
H, = _"E;"sz=1 T1m Qm(lm (47 - 3)

JBaly oo 4
Hyp = = ;OZm=1 A1m P1mS (48 —3)

POBT > a e Jaall dihie 8 (22-3) Aol (e

Qm = WP (B (Ba),r > a (49 - 3)
@) gy
» 2 = g (Ba) 2D (50 -3)

P le daand (42-3) A (50-3) 5 (49-3) w¥oleall gty
an{® (pr)

(o = 1 (BT (Ba) + 7 [y (Ba) T2

25




g ad ,(;) ¥
= (P {7 (pr) + r 200 (51-3)

P dew Jlp Qe (e

R (Br) = Jm (BT) = i¥, (BT) (52 = 3)
P Br) _ 3jm(Br) . 8Ym(Br) B
e _ #r " g (53 - 3)

Py hSall Jay Gl e SIS

D = Jma (BT) =T (BT)

a(pr)
B = By (BY) =2 (B) (54~3)
AYm(Br) _ m+1
rary = Yn-1(Br) = 25 Y (Br)
D = B 1 (Br) = Y () (55 -3)

e Jeaai (53-3) i (55-3) 5 (54-3) Lmasei
) - 2D (gr) + g, (pr) ~hP(Br) (56 -3)

P AUS Sy (51-3) A (56-3) s

(= Jm (Ba) {Br b2, (Br) — mh3) (6r)} (57 -3)

ol Juani (48-3) 3 (57-3) 5 (23-3) 5 (20-3) Lalaall (yimy oy

26



Hy =
B e (2m + 1) S X pl (cos8)ph (0) X

fm(ﬁa) {Br hz2, (BT —mhﬁfi-)(ﬂr)} (58 -3)
p Y Jl dile (e

PR = (~DM(1 = x2)2 e Py () (59 - 3)
Pa() = [ (x? = 1)) (60— 3)

pm(0) = 7=cos Gn(m + 1)) x I'(3m+1) /r(gm +1) (61-3)

t gl 4yl B (e Lads

RZ = j(-1)" x" 22 "Leix (62— 3)

xdxl X

DAY DL Jaxd Jp (Ba)ld fa il s dadl Gl

Jm(Ba) = 2™ Ba)™ (63 —-3)

(2m +1)'
t e duasi (61-3)—(60-3) <ol in=1,m = 1,x = cosf pas
pi(cos®) = —sinb,p, = cosf,p;(0) = —1 (64— 3)

Jmsi (63-3) 5 (62-3) (20-3)cobadd in = 1,m = 1x = Br ooy

Lk
h? (Br) = L e=ibr (65 — 3)
h(z)(ﬁr) = — Ly I _gibr (66 — 3)

(Br)z
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@y == (67— 3)
Ji(Ba) = % (68 —3)
b sle Juasi (58-3) i (68-3)—(64-3) ci¥alaall aypaisy

_ _Ba)llsindr, . 1 __J | ,-jpr
Hy = - [”wr (ﬁr)z]e (69 — 3)

LS (Say (4-48) Al M =1 s

. [ 6
Hy=—£2% g, 0,0, ( (70 - 3)
& 9
(11 = 52t + cotbP, (71 -3)
P;; = pi(cos8)pi(0) = —sinf x —1 = sinf (72 -3)
& 2
(i = 5911 cotfPy; = sinf
0
¢, = 2cos@ (73 -3)

Q1= hy” (B} (Ba) = 5 x | = eI+ Loemibr] (743

(Bry?
e eani (70-3) dslaall 3 (74-3) 5 (73-3) 5 (67-3) ¥ sbaall (yimy

_ JBa’lcos6, | 11 —jpr
H, 1+ mr] e (75 — 3)

2r?
3l Jlaal) dibaie & (75-3) 5(69-3) 5 (34-3) <Nobedll e el (Kay oY)
DAY gypall AT >>a

(Ba)?ly e~JBT
4

Hy = — sinf (76 — 3)
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H, =0 (77 - 3)
Hy =0 (78 — 3)

Electric Fields Components : .4 Jlaal) Gls e alay) 5-4

& (34-3) 5 (33-3) 5 (32-3) Lawses s By, Eg, By o) Jlaall Sy sloy
-l Yoledl e Jeasil (3-3) Aslad

E, =0 (79 — 3)
Eg =0 (80 —3)
_ nalo [391 | 1997 _
ko = 2r [67‘ +r 39] (81-3)

b e Juasi (46-3) 5 (43-3) c¥sleall im = 1 mas

g1 = 311P11§I = j%Sine [1 + _ﬁ’? - (B{-)Z] e~ JBT
aai{ ﬁzasmﬂ [ * Jﬁr (ﬁi)z + (;;2:)3] e P (82-3)

iy = a11Q1(11 = facos6 [ ———+ (Br)z] e—JBT
ol _paswol 2 u) e 0o

Pl i (4-81) b (4-83) 5 (4-82) ci¥slaall iagsess

n(Ba)?lysind o-IBr _
Eg = —-—[1+mr (84 — 3)
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sl Jlaal Zikia 3 (84-3) (803 )5 (79-3 ) ci¥aladl e el Ky V)

2 -jBr
Ep = 1EE — sing (87 — 3)
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) Jeadl

sed) Sliag)l clua



) Juail

o) Sl )l qlua

: radiated power dadial) 5,41 1-4

D ADAL et dadiad 35l GEES (1-2) Asladd) pe

Pave = 5 Re(E x H") (1-4)

LN
E =a,.E, +3gEq + 44 Eq (2-4)
H =4, H, +agHg + 34 Hy (3 =4)

b LS (3) 5 (4-2) Abslaal) RS (Say S B, = Ep = H, = Hp = 0 (<
E =13,E, 4—4)

H = 84H, (5 —4)
S (S (1-4) i (5-4) 5 (4-4) s

Pave = 3Re[(3p Eg) X (8gHp)] (6—4)

Dol s (6-4) b (87-3)5 (76-3) Asbaall mysnty

it el (7 - 4)




P =

sl (2-2) ADla)) pxdius dadiall 508 solaY

ffPave =_ff Re(EXH) ds (8—4)
ds = r?sinf d@ do a, (9-4)

e Jms (9-4) B (8-4) 5 (7-4) s

n(ﬁa) 11512 f?'nf sin® 6 d6 do

=1 (E) (Ba)* I, |? (10 - 4)

Power Radiated Intensity : ¢y 5,48 5.4 2-4
DAl s g L) 5,08 50 (5-2) Aolaall (pe
U = Pype.a,1? (11 — 4)

Ple dani (11-4) A (7-4) pauss

U = ”f;‘) |10|25'“9 ar? "(”"‘” Ib|?sin?0 (12 —4)

directivity :" 4alaiy) 3-4

: gl (9-2) Uolaall anaiins LalasV) olagy
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D= 41ru—(%)9’—@ (13 — 4)

c ke duani (13-4) 4 (12-4) 5 (10-4) sayes

D =%sin29 (14-4)
fole doant Jall 5 (14-4) Wsladll (3 0 = = pm Raladl aael ey
Dp=>=15 (15 — 4)

Radiation Resistance : gl.iy! 4a5lia 4-4

t sl (11-2) slaal) pasins £ L) daslie sla)

Ryqa = rad (16 —4)

Lo eani (16-4) i (10-4) mpseis

4
R, = 31,171 (-;—4) Iy
Cua
sznaz,lz% (18 — 4)

A1 ADL gLty daglie o unll (S dila N (g 50 Jloall OIS 13,

4
Ryaa = 31171 N?(3) (19 — 4)

flegd) Cilriag)l lual GOl aladil) 5-4
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: Power Radiated Intensity ¢ Leiy) 5,08 505 1-5-4

Pl o g bl sady (aldl) oSl A (Ka (12-4) Al (g

tMatlab code for Power Radiated Intensity in
equation (12-4)

F=500*1076 ;3%F = frequency in Hz

Y=3*10"8/F % Y= the wavelLength

B=2*3.14/Y ; % B= the phase constant
a=0.5*Y; %a= the raduis of the loop
I=1;%I=the current

=0:0.1:2*pi; % K= angle Theta

sin(k)).*2;

=(B%*a) *4*I*G.*120*3.14/32;
D=10*log(U) % in dB

polar(k,D, 'k'")

title('Power Radiated Intensity');
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£ Lty 5,8 508 e ladY) ¢ dgeill rangy (1-4) JS2

directivity : Lalaay) 2-5-4

p ol e AalatVl paldll 2,80 S (Kay (14-4) Wslad) o

% matlab code for directivity
k=0:0.1:2*pi; % K= angle Theta
G=(sin(k)) ."2;

D=1.5*G;

polar(k,D, 'k")
Piele | "DizCtiviky")
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----------------

LAl eyl risall may (2-4) IS5
Radiation Resistance : ¢ luiy) 4a4lie 3-5-4

%Radiation Resistance
F=500*10"6 ; %F = frequency in Hz
Y=3*10"8/F; Y= the wavelength
a=0:0.1:2; %a= the raduis of the loop
S=3.14*a."2;
R=S.74/Y"4; %R=Radiation Resistance
plot(a,R,'k','linewidth', 2)
xlabel('a')
ylabel ('R")
title('Radiation Resistance VS raduis')

ov
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@ kil Ciai pe g ledY) daglia dad i maay (3-4) JSA
rdaiall @Yl Radiation Pattern eleiy) # 35l 4-5-4
tH = (gginal e lady) z35adl -1
Jadl aup eledyl zisadl o Jpasll Ko (75-4) Dlbd e

P ) 2SIl age s LS B sial e oalalisall

$H-plane radiation pattern

F=500*10"6 ;%F = frequency in Hz

Y=3*10"8/F; % Y= the wavelLength

B=2*3.14/Y ;% B= the phase constant
38




0.5*Y;%a= the raduis of the loop

1;%I=the current

=0:0.1:2*pi;% K= angle Theta

sin(k
4

[

(B¥a) "2*I*G.*exp(=1*B*r) / (4*r) ;
A=abs (H) ;

polar(k,A, 'k")

title('H-plane radiation pattern');

¥ He siadl ol 2 3saill gy (4-4) JS&

el o Al aay dllyy glaall He (il Lelady) zisaill )y oSay i,
bl Jlaall bl dadll (75-4) Adladl (a5 Hy eshlinall Jlaall dad
Pk WS Al oda 8 2,Ql A Sy Ny Hg (norm) = sin (6) &
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$H-plane normalized radiation pattern
k=0:pi/100:2*pi;% K= angle Theta

P=sin(k);

polar(k,P, 'k")

title('H-plane normalized radiation pattern')

Shmall il Ho e e lalY) #3gaill gy (5-4) JSi
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(B gsinal el zigalll -2
S dadl auy eladY) Zigall e Jpasdl (Say (86-4) Asladll (e
P Sl rage g8 LSO iiall ae

tE-plane radiation pattern

F=500*1076 ;%F = frequency in Hz
Y=3*10"8/F; % Y= the waveLength
B=2*3.14/Y ; % B= the phase constant
a=0.5*Y; %a= the raduis of the loop
I=1;%I=the current

u=120*3.14;% u = ETA

k=0:0.1:2*pi;% K= angle Theta

G=sin (k)

W)
Il

u* (B*a)”*2*sin(k).*I/(4d*r*a);
z=exp(-i*r*B*a)

A=abs (E) ;

W=10*log (A) ;

polar(k,W, 'k'")

title('E-plane radiation pattern in dB ')

el o daudll aay @lldy glaall E- (g =Y z3sadl ansy oSay Jially
Pl LS Alall ada 8 0 6S) LS Sy sy Eg (norm) = cos (8)

tE-plane normalized radiation pattern
k=0:pi/100:2*pi;% K= angle Theta

E=cos (k) ;

polar(k,E, 'k"'")

title('E-plane normalized radiation pattern ')
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all
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S sunal
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c @bl il E- g

e

i
\
1
R
1
'

Sz asaill gy (7-4) S
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elaty) pailadll Auhy g Gl 13 e el Gagl of G

Aabidal) dasiall dpcaly )l Jlgal) alasinly dushall o3 Caaiy ¢ gilall Gl gl
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