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CHAPTER 9 RADIATION AND ANTENNAg

X

Figure 9-4: Short dipole placed at the origin of aspherical
coordinate system,

dipole, which is commonly used as a standard antenna
for many applications,

A short dipole, also called a Hertzian dipole, is a thin,
linear conductor whose length / is very short compared
with the wavelength A; to satisfy the uniform-current
assumption, / should not exceed A/50. The wire, which
is oriented along the z-direction as shown in Fig. 94,
carries a sinusoidally varying current given by

i(t) = Iycoswt = Re[lpe/*'] A),  ©.n

where I is the current amplitude. From Eq. (9.1), the
phasor current 7 = J,. Even though the current has to go
to zero at the two ends of the dipole, we shall treat it as
constant across its entire length.

The customary approach for finding the electric and
magnetic fields at a point Q in space [Fig. 9-4] due
to radiation by a current source is through the retarded
vector potential A. From Eq. (6.84), the phasor retarded
vector potential A(R) at a distance vector R from a
volume v’ containing a Phasor current distribution  js

given by :
. g T g je._juz' , e e e
. =— ——dV’, 9.2
A = 2= fv R ©2)

_*‘\

'wherc Ko is the magnetic permeability of free Space
(because the observation point is in air) ang f — ofc =

density is simply J = 2(Iy/s), where s is the cross.
sectional area of the dipole wire, dy’ — 5§ dz, and the
limits of integration are from z = =l/2t07 = 2. Iy
Fig. 9-4, the distance R’ between the observation point

g e~JkR plj2 .
A=L0 f Zly dz

4 R 1/2
: e—JkR
= Z;ii-; Iol ( R ) ; 9.3)

The function (e=/*R/R). called the spherical propaga-
tion factor, accounts for the 1 /R decay of the magnitude
with distance as well as for the phase change represented
by e=/*R_The direction of X is dictated by the directioq
of flow of the current (z-direction).

Because our objective is to characterize the directional
Character of the radiated power at a fixed distance R from
the antenna, the spherical coordinate system shown in
Fig. 9-5 is deemed appropriate for the presentation of
antenna pattern plots, with the variables R, 6, and ¢
referred to as the g 8e,zenith angle, and azimyth angle,
respectively. To this end, we need to write A in terms of
its spherical coordinate components, which is realized
[with the help of Eq. (3.65¢)] by €xpressing Z in terms of
the unit vectors of the spherical coordinate system:

Z=Rcosf — G sing. (9.4)

Upon sqbstitut_ing Eq. (9.4) into Eq. (9.3), we have

R
=RAz+64, + ¢4, 9.5

— . . Il —JjkR
A;=(Rcosl§1—93in9)'u0 = (e )
o i ' 4




9-1 THE SHORT DIPOLE

b= ¢ o "‘H::‘:‘:',
Figure 9-5: Spherical coordinaté system. % S

050 < 130

o <g <360
with
A R= Holol cosf ( e—;m) . (9.6a)
Ayg=— ”’i:” siné ( e—:R) , (9.6b)
As=0.

With the spherical coordinate components of A known,
the next stepis straightforward; we simply apply the free-
Pace relationships given by Egs. (6.85) and (6.86),

- 1 ~

H=—vx}, (9.7a)
Ho

E=_ Lo x H, (9.7b)
JwEy

or, equivalently, kxR = 27 R /A > 1.
allows us to neglect the terms varying as 1/(kR)? and

and Ep is negligible.

345
to obtain the expressions
= T a[ +—|sing 9.8a)
*= n kR ™ (kR)z "™ G
~  2@lk : 1 J
En—= —jkR S :
R 2z o€ [(kR)z (kR)3] cos@ (9.8b)

kR T GRE (kR)3]Sm8’
(9.8¢c)

where 7, = Vio/eg = 1207 (€2) is the intrinsic
inlpedagce of free space. The remaining components
(Hg, Hp, and Ey) are everywhere zero, Figure 9-6
depicts the electric field lines of the wave radiated by
the short dipole.

9-1.1 Far-Field Approximation

Aswas stated earlier, in most antenna applications, we are

primarily interested in the radiation pattern of the antenna

at great distances from the source. For the electrical

dipole, this corresponds to distances R such that R > 3,
This condition

1/(kR)? in Egs. (9.8a) to (9.8¢) in favor of the terms

varying as 1/kR, which yields the far-field expressions

~  jll /R
E, = 21tk (e )sina (V/m), (9.9a)

4 R

~ E

H¢=-n—9 (A/m), (9.9b)
0

At the observation point Q
[Fig. 9-4], the wave now appears to be similar to a uniform

plane wave with its electric and magnetic fields in time
phase, related by the intrinsic impedance of the medjum
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912 PowerDensity

GivenE and Hin Phasor form, the time-average Poynting

vector of the radiated wave, whichis alsoc

density, can be obtained by applying Egq. (7. 101), that is,

For the short dipole, use of Egs. (9.9a) and (9.9b) gives

al]edthepawer S. =R S(R, ), (9.11)
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( 

ngkzlozlz e
S(R,0) = m sin“ g

= Sysin@ Wim?). (9.12)

The directiona] pattern of any antepy
terms of the

Rormalized radiatipy ; ensity F(8, @),

defined as the ratio of the power density S(R,8,9) to
 Smax, the maximum value of S(R,8, ¢

a is described in

0, @), at a specified
range R: T
o S(R, 6, $)
F@©,¢) —

the broadside direction @ =n/2), corresponding to the
azimuth Plane, and is given by

nglczlgl 2
3272pR2
157 102

! 2
=3 (I) Wim?),  (9.14)

ade of the relations k =
07, We observe that S,

ax IS directly Proportional to
Jand to /2 (with ; me%and it
:creasmW
From the ¢ efinition € normalized rg
¥ given by Eq. (9.1 3), it follows that

Smax'—_-Sﬂ:

(b) Azimuth pattern
27 /A and o = Figure 9.7. Radiation patterns of a short dipole,

diation intep-

REVIEW QUESTIONS
FO,¢)=F(p) = sin?g, (9.15) !
Q9.1 When js ap antenna a reciproca] device?
sof F(8) are shown in Fig. 9-7in both the elevation Q9.2 What is the radiated wave like in the far-field
" (@50 called the §-plane) ang the azimuth plane 0 of the anteps
Plane). Ng €nergy is radiated by the dipole along egion of the antenna?
direction of the dipole axis and

maximum radiation
= 1) occurs in the broadside dire

ction. Since F (@) is
shaped in 6-¢

‘Pendent of ¢, the pattern is doughny.-
e
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Q9.4 Outline the basic steb§ used in -order to relate the
current in the wire to the radiated power density.

EXERCISE9.1 A 1-m-long dipole is excited by a 5-MHz
current with an amplitude of 5 A. Ata distance of 2 km,
what is the power density radiated by the antenna along
its broadside direction?

Ans. S =8.2 x 10~8 W/m?,

9-2 Antenna Radiation Characteristics

An antenna pattern describes the far-field directional
properties of an antenna when measured at a fixed
distance from the antenna. In general, the antenna pattern
isa three-dimensional plot that displays the strength
of the radiated field or power density” as a function of
direction, with direction being specified by the zenith
angle @ and the azimuth angle ¢. By virtue of the
reciprocity theorem, a receiving antenna has the same
directional antenna pattern as the pattern that it exhibits
when operated in the transmission mode.

Consider a transmitting antenna placed at the origin of
the observation sphere shown in Fi g.9-8. The differential
power radiated by the antenna through an elemental
area d A is 3

dPrag =8,y -dA =S,,-RdA = SdA (W), (9.16)

where § is the radial component of the time-average
Poynting vector Sav. In the far-field region of any
antenna, S,y is always in the radial direction. In a
spherical coordinate system,

dA = R*sin6 df do, 9.17)

and the solid angle dQ associated with dA, defined as
the subtended area divided by R?, is given by

d e tA W@ AT
dQ = R—‘:=sinede d¢  (s1). (9.18)

£ Rsinddg
o
dA = R? sin 6 db dy
=R24Q
Elevation
plane YR
==Y
(]

s < b
Azimuth plane 7=

Figure 9-8: Definition of solid angle d2 = sin 8 d6 dg.
I L

Note that, whereas a planar angle is measured in ra-
dians and the angular measure of a complete circle
is 27 (rad), a solid angle is measured in steradians
(sr), and the angular measure for a spherical surface
is Q;—(&Eﬂﬂzﬂz_‘sﬁzz_@ The solid angle of a
hemisphere is 27 (sr).

Using the relation dA = R24Q, d P4 can be rewritten
as o~ f:?

dPad = R®S(R, 0, ¢) d.
) depen :iu\‘ of i‘\‘§

The total power radiate by an antenna through a
spherical surface at a fixed distance R is obtained by
integrating Eq. (9.19);

(9.19)

2 T
Pmd=32f f S(R, 0, ¢)sin6 do d¢
=0 J0=0

/ it pw
<y =R2Smaxf f F(9, $)sin6 do d
g $=0Jo=0

1%

= R*Spax ff F@,9)dQ (W), (9.20)
4
FsiLc-§ |

1
A
Q:‘j .‘.! .
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