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Linear Wire Antennas and Small Circular Loop Antenna

@ Infinitesimal Dipole

© Small Dipole

© Finite Length Dipole

@ Conductor Losses and Loss Resistance

e Linear Elements Near or on Infinite Conductor

@ Loop Antennas
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Outline

@ Infinitesimal Dipole
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Infinitesimal Dipole

o | <A (I<2/50)

@ End plates are to maintain
uniform current, however they
end-plae =g are very small to affect radiation!
o Not very practical, however they
~ are considered as a basic building

blocks for complex structures.
("] Ie (ZI) = 92/0
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Infinitesimal Dipole

@ Transformation from rectangular spherical components,

A, sinBcos¢ sinBsing cosB Ay
Ag | = | cosOcos¢ cosOsing —sinb Ay,
Ay —sin¢ cos ¢ 0 Az
—Jjkr —jkr
A = Ml o ag = MR g
Tr 4mr

e Magpnetic field

1 1[0 A, klgle=dkr 1
H=-VxA=3a,—|=—(rAg) — = Ol1l+—|a
u . ®ur [ar(r 2 89} I g {—ijr} ’
o Electric field )
E=—VxH
Jors
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Infinitesimal Dipole

. kol _ 1 1 : 1 1
E=jjn—e /|2 ——— |4, 1+ ———=
anmre [ COSG(jkr k2r2>é —|—sm0< +jkr k2r2>ae]
klo le Ikt

. i 1
H=j Ay smG[l—f-jkr] ay

o Radiation Power Density,

1
W = > (Ex H') = > (8, EgHj — 80 E.Hj)

N —

o Radiated Power,

k2l2/2 2 T
Pad = 9‘{ W-ds}:n 0 / d(])/ sin>0sin0do
S

3272
2 3 2
ne|, | cos® 0 nx|, !
— || |—cos0 I
4 |°% [ cosvT 3 h 3 %2

@ Radiation Resistance

Prad—

| L L



Radiation Regions

@ Near field region kr < 1,

lol ;
E=—jn 47[0?5/"’ [2cos 64, +sin Bag]
r
Inl —jkr
= 04;_ 5—sin 03,
p
o Intermediate-field (Fresnel) region kr > 1,
klpl _y, [ 2
E :jnr;;re’lkr jﬁcos 04, +sin 04y
klo le=Jkr
— 10 T g 0a,
e Far-field (Fraunhover) region kr>>1,
. klolsin® klple %
— jn—— L g Jkr -
E=jn P, e Ay, H=j A sin6a,
1
H — Eér X E
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Directivity

_ P
rad 277
EJ K221 . 1%
U:r2Wrad:r2|23]’ =m0t in2g = 1 o | sin?6
T /|2
'Drad:% IOI
D= 4ny —1.5sin%0
Prad
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© Small Dipole
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Small Dipole

/ a,l(1-% 0<2 <1)2
|e(2): 27 /
alb(1+% —12<z<0 R
12 >
lole 7% e s
A= 32[”1; ] I
r o
i
ki
E:jnWSlnﬂég
ki —kr
H= 0(4{) sin 04,

//2)2 /

e Radiation resistance R, = 8072 ()L

Small dipole of length / is equivalent to infinitesimal dipole of length //2. J
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© Finite Length Dipole
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Finite Length Dipole




Finite Length Dipole

E - —j(D [Aga(-) +A¢Q¢] s

efjkr

A(r,0,0) = -

I nf A1\ Jkr g
i /Cle(r,e,(p)e’ dl

—jkr  pl/2 L
A= i € / I (Z/) esz cosedzlaz

a i r 1/2
ke —Jkr 1/2 o
E—=; ino / / esz cosGd '4
=y sin ///2 e (Z) Z'ag



k —jkr 1/2 L
E= jT] € - sm9/ I (z’) e/hzcos0q,'5,
—12

—jkr 0 .
E = jpibe sine{/ sin [k <’+Z/>] k056 11
drr 12
/2 |
+/ sin [k (—z esz cosb g, L ag
0 2

The integrals can be evaluated using

/eaxsin (Bx+7y)dx = O;T[p [asin(Bx+7)— Bcos(Bx+7)]

ki 0 kl
. pe-ikr | €05\ 3 €0 cos | -

M 2rr sin@

A9



Radiation Intensity, and Radiation Resistance
cos <kl cos O cos K i
r2 Io|? 2 B 2
Uzi‘Ee|2_n‘0|

~ 8nm? sin 0

kI kINT?
2n rm I |2 o |cos Ecose —cos 0
Prad:/ / Usin9d9d¢:n 0 / do
0o Jo 4T Jo

sin@

1 1
Prad = 5 |linl* Re = 5 |l sin? (kI /2) R,

o) e (3)]
r |cos| —cosB | —cos| —
- T 2 2 do

”:Wzn 0 sin 6
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@ Conductor Losses and Loss Resistance
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Conductor Losses

Skin depth:

0s=1/y/nfuc

@ Resistance of the segment with
dimensions (Ax, Ay, 6):
_ Ay
 08:Ax

@ Current flowing through length
Ax: Als =|Js|Ax



Conductor Losses

_ Ay
-~ 08,Ax

@ Current flowing through length
Ax: Als = |Js|Ax

@ Power loss in the area AxAy,

APloss - ’AI |2R = 7“]5’2

o Total Power loss in a conductor area S,

1 1
Ploss = 2/5|J5|2R5ds, where Rs = 5.V o




Conductor Losses

1 1
Ploss = / 3o Reds, where Ry = =,/ 25
2 s 00s c

R is called the surface resistance of the conductor.

@ The surface current can be obtained using the approximation of a
perfect conductor boundary conditions,

Jo=nxH = [J]=|H|

where n is the normal unit vector on the conductor.
o Total Power loss in a conductor area S,

1 1 rf
Ploss:5‘/5|H|2R5d.§7 where RSZG—&: T“




Loss resistance

|

1
Ploss = 2/ ‘szstdS
S

1/2 1|2
:1/ |’e(z)|2 R (21b) dz’
2 /172 (27b)

LR L
PIOSS_Q/,/z o7h deZ—§|/e(0)| R

2

Rs 1/2 dz/

a6/,

le(2)
e (0)

RL
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Half-wavelength (A /2) dipole

T 2
2 |2 | cos —cos 0

2n 82 sin6

on n “ |  cos? (Ecos 6>
,ad/ / Usin0d0d¢ = 2 de
0

sin @

Prad = = |lo]* R
rad 2|0|

o 7 COS? (gcos 6)

do=73Q
27 Jo sin 6 3

r

2

D:4”U— n [cos(écos@)] Les [cos(ZcosG)]

2

P.q TR, sin@ sin @
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e Linear Elements Near or on Infinite Conductor
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Linear Elements Near or on Infinite Conductor

Image Theory

Observation
Point

Observation
Point

Ho» €

Hos &5

jnklole=Ikr 2 1
= IR0T " s ———— |a
4xr €0 jkr k2r2 )77

. 1 1
+S|n9 (1+Jﬂ_m) 39]

) klgle=Jkr 1
g H =J =g sin no {1 + kr]




Linear Elements Near or on Infinite Conductor
Image Theory

Electric Electric

Pt

Y R



Vertical Infinitesimal Dipole Above Ground Plane

—jkr .
A(r,0,¢)= € /Ieefk"' dr’
r C

4
a, xE .
H= - , Ex—jo [A939+A¢3¢]
g_ Jin k"}lﬁ;kr sin@[2cos(khcosB)]ag  z>0
o z<0
2
U u % sin2 0 cos? (khcos ) 0<6<m/2
0 T/2<0<m
! | (™2
Pg = UdQ = — sin® @ cos? (khcos0) d6
n A




Vertical Infinitesimal Dipole Above Ground Plane

I!|? |1 cos(2kh)  sin(2kh)
Pad=7mn|—| [z —
U B KRNV R YA
_nlhl 2 _ ATUmax 2
Umax = 5|7 - Do = P,.q o |:l _ cos(2kh) + Sin(2kh)}
3 (2kh)? (2kh)3

1\2
R, =2nn (l)

o kh— oo, R, = 8012 (I/A)?, R, is identical to isolated Infinitesimal
dipole.

o kh—0, Dy =3, R, = 16072 (//1)?, Dy and R, are twice the isolated
Infinitesimal dipole.

1 cos(2kh)  sin(2kh)
3 (2kh)?  (2kh)®
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A /4 Monopole on Infinite Electric Conductor

11 ) l

The radiation fields are identical in the upper half plane (z > 0). However
the total radiated for the monopole is half its value for the dipole.

1
Prad (m) = 5 Prad ()

Dy = 2Dy, Rr (m) = 5 Rr ()



Outline

@ Loop Antennas
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Angle Between Two Directions in Space

@ The unit vector describing the the direction (6, ¢),
4, =sinOcos@Pa, +sinOsinga, 4 cosba,
@ The unit vector describing the the direction (6’, ¢'),
a, =sin @’ cos¢’'a, +sin0’sin¢’a, +cos6’a,
@ The angle y between the two directions,

cosy =a,-ap

cosy =sinOsin 6’ cos (¢ — ¢') + cos 6 cos 6’
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Small Circular Loop

: A
Circumference C < To
_ K
A(r,6,¢)_4n/cle

The source current is along @40 le = lo@y. Transforming to Cartesian
coordinates,

e—JkR
dl’
R

Iy = —lysing’,
l, = lycos¢’
Transforming to the spherical coordinates at the observation point,
lIr = IicosdsinO+/,sin¢gsind
lg Ixcos ¢ cosO + I, sin ¢ cos 0
ly = —Ixsing+1,cosd



Small Circular Loop

/x = —/0 sin (P,,

l, = lycos¢’

Transforming to the spherical coordinates at the observation point,

lp = IicosdsinO@+/,singsin6
lg = Iccos¢cosB+1,sin¢cos6
ly = —Ixsing+1,cos¢

I, = lysin@sin (¢ —¢')
lg = lycosOsin (¢ —¢')
ly = locos ((P - ‘P’)

le =4,lpsinOsin (¢ — ¢') +aglycosOsin (¢ —¢') + 84l cos (¢ — ¢')



Small Circular Loop

R=+/r2+a?—2arcosy, cos Y =sin O cos (¢ — ¢')

2
A = “’Oasine/ sin (9 — ¢')
0

4z

e,jk\/r2+3272arsin(-)cos(q)f(l)/)
\/r2 +a% —2arsinBcos(¢ — ¢')

e,jk\/r2+32—2arsin 0cos(p—¢’)
V/r?+a% = 2arsin B cos (¢ — ¢')

I/ 2 fjk\/r2+a272arsin6cos(¢f¢’)
A¢:u4?ra/ cos (¢~ 9) — dg’
n

27
Ag = 'lllfcose/o sin (¢—¢’)

Jr2 1L 22 _99pcin O ac G — HE)



Small Circular Loop

w 24+a2—2arsin 6 cos(¢p—¢’)
‘Ltloa o e Jk\/l’ +a
A=Ay, A¢:/ cos (¢ —9') —=— ' /

n \/r2+a% —2arsin 6 cos(¢ — ¢')

d¢’

e—jk\/r2+a2—2arsinGcos((p—d)’)

f=
\/r?+ a2 —2arsin O cos (9 — ¢’)
f(a)=f(0)+f'(0)a
e—jkr e—jkr
f(0)= — '(0) = > (jkr+1)sin B cos (¢ — ¢')
B efjkr

f=

[1 +a <i +jk) sin 6 cos (¢ — ‘P,)]
_jkr p2m
P SR o
0

%4 r
a2jkulo edkr 11
= — +1)sinB
Ay 4 r <jkr+ >sm




Small Circular Loop

A= A4y,

2. —jkr

a‘jkuly e™ 1 .

Ay = —+1 0
¢ 4 r jkr+ >

1
H=-VxA,
u

E-— VxH=21vxH
Jjk

e [(i‘ (lj)z)

(ka)? lpe % /1 .
E=n———|—+1 0a
n 4r Jjkr t1)sintdy
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Small Circular Loop

o Far Fields,

(ka)? lye Ik (ka)? lye 7k

H=- 2 sin B4g, E=n sin0ay
o Radiated Power and Radiation Resistance
ka)* (1|2 7 (ka)* |
U:ni( 3)32|0| sin26, rad—/UdQ— a) |0|

ro=n (3) or

For N-turns loop,
R =R, =n (g) (ka)* N2
@ Loss resistance Ry,

a
R, = N2R,,
L=

where b is the wire radius, and R; is the conductor surface impedance.

Increasing the number of turns, increases the antenna radiation efficiency. |
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