What is the polarization of a wave propagating in the r-direction if its
electric field vector at any fixed point in space is given by (a) E, = (ag +

asj) and (b) E, = (agj +a,)?7 a)LHCP  b)RHCP

What is the polarization of a wave radiated along the y-axis, by a z-directed
Hertzian dipole? Show that it can be decomposed into left and right circu-
larly polarized waves.

Solution: In the far-field region of a z-directed Hertzian dipole the electr:
field intensity along the y-axis is given by Eqn (2.8) with 6 = 90°

E =ayjEy

32

where Ey = jnkIodle=7*"/(4xr). Since it has only a #-component, it repre
sents a linearly polarized wave. Expressing ag as

ag = %[(ao + a4j) + (ag — agj)]

Electric field vector of a right circularly polarized antenna

we can write the electric field intensity as

E = Eoy(as +a4j) + (a0 — ;)

The first term on the right hand side represents a LCP wave and the second
term represents a RCP wave.
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Current distribution of short dipole

a.l (l—g:') 0
[

I.(x,y.5)=5 (4-33)

a.l (1+-?—:’j -l2<5'<0

='<l/2

IA

A150<I<A/10

Vector Potential

Li2 — jkR
A= [ L(z)=——dr
47 5o R

Approximation: R=r



0 2 | e—ij |
A(JC,y,Z):i a, j]0(1+—zj dz

47[_ i [ R
+1/2 _ kR ]
n 2 . Ye”’ .
+az 6[]0 [I_TZ) R dZ (4_34)
N l_lu[ el 1
A(x,y,z)=a, i ==L (4-35)
Alx, y,2) 2_ Ay 2[ ]

— jkr

11 I i
A, (uniform current) = ,u - ‘ A,=-4 smH——’Z sin@ e
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Far-Field (kr >>1)
1 . kI le™"
E =—F =7 L
0= 5 e JN Y.
— jkr

H, :lH;) = K fe sin@  (4-36¢)

2 8Ty
Er:E¢:Hr:H9:O (4-36b)

h'd

sin@  (4-36a)

W — lW‘ P lP' Uraa’ — ll];faa’

_rad _rad® rad — rad ®
4 4 4
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Far-Field (kr >>1)

1
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R= 1 R =20r" I (4-37)
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Finite Dipole
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Ideal Sinusoidal Current Distribution

(

gzzlosin k(i—z'j 0<z'<]/f2

cAzZIO sin k(i-l—z'j —1/2<z'<0

(4-56)
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Current Distributions Along
the Length of a Linear Wire Antenna

- Fig. 4.8
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1

@%:%R%ExﬁﬂzzR%@ﬂwﬁ#ﬁ]
=a, %RG(EQH(ﬁ) =i %RG(EH %]
.1 .
=a, %Re(EeEg) =a, %Re(‘Eg‘z)

[ (H J (Hj”
> | cos| —cos@ |—cos| —
7] 2 2) | (4-63)

81 sin @
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Uraa’ — BO

[kl j [klj
2> | coS| —cosf |—cos| —
7| 2 2 ) | (4-63)
8ir? sin &
I ki kT
2| cos| —cosd |—cos| —
1] 2 2
87> sin @ (4-64)
BO
| (kl j (kzj‘z
cos| —cosf |—cos| —
2 2
sin &

Power Pattern
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2P

Rr — rad

L[

R =]
27

+_

4

; cos(k() {C + In (7) +C.(2k0)-2C, (kf)}

(4-70)

(c +1In(k0) - C,(k()+ %sin(kﬁ)[Sl-(M) - 25,-(165)]\

—

e

28,(k() +cos(k0)[2S,(2kt) - S,(2k0)]
Xm - i< : I 2ka2 1
Az | —sin(kl)| 2C.(k0)—-C (2k()-C,
(4-70a)

All rights reserved

Linear Wire Antennas




Directivity
= 47[ L (‘9 ¢) max (4-71)
B £ f F(8,9) sm<9d<9d¢

| (kl j (kl)
cos| —cosé@ |—cos
|]o‘ 2 2

dipole — 11 872 - (4-72)

B
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F(0.9)



D - 2F(0) ]| . (4-75)
¢
C +1In(k0) - C, (k) +%sin(k€) (S, (2k0) =28, (k)]
=1 ke >
+E cos(kl) {C +1In (7j +C (2k0)-2C, (ké)}
\ (4-75a3
12
A =—D (4-76)
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Ideal Sinusoidal Current Distribution

(

gzzlosin k(i—z'j 0<z'<]/f2

cAzZIO sin k(i-l—z'j —1/2<z'<0

(4-56)
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Current Distribution of a Linear Wire Antenna
When Current Maximum

Does not Occur at the Input Terminals
I

Fig. 4.10
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1. (=A/2: sin’ (%)

2. (=]: sin’ (ﬁj
2

—&in () =0
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R (ohms)

Directivity and Radiation/Input Resistance
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Halt-Wavelength
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(I=1/2)
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Half-Wavelength Dipole (/ = A/2)
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43 4 4
DO — 4'ﬂ-l]max — 47.[ O=rx/2 — =

+1.643

P P, C,(27) 2.435
(27)=0.577+In(27)-C,(27)
=0.577+1.838-(-0.02) =2.435 90

II?

2 2 C h (4-92)
A4,,=— 2 ——D, = - (1 643)—0 1347
4 J .
=2l T C,n(zn)~120”(2 435) 4 73.05
L[ 4 )

(4 93)

( (In(l/2a) — 1] ,
an — Xm — _120 — -5
k an(kl/2) )" 1074




Input Impedance
((=A/2)

4. =13+ j42.5
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Infinitesimal Dipole

E,=C, sin@ ; U=C, sin°0

e s e
field pattern power pattern
A/2 Dipole
i ~ 2
c:os(2 cOS 6’) i (7[0059
: : s o
B, =1, : ; U=C, _ = (,sin’ 0
sin & sin @
field ;attern power pattern
Copyright©2005 by Constantine A. Balanis Chapter 4

All rights reserved Linear Wire Antennas




