Antennas (4. 13)

/414 tennas are Structures des{,ﬁe(/ >r raa//ar‘/‘hj and race/‘w'nj
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Antenna as a matching device between the guiding structure and the surrounding medium.

We will not attempt a broad coverage of
antenna theory; our discussion will be limited to the basic types of antennas such as the
Hertzian dipole, the half-wave dipole, the quarter-wave monopole, and the small loop.
For each of these types, we will determine the radiation fields by taking the following
steps:
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Hertzian dipole

By a Hertzian dipole , we mean an infinitesimal current
2lement Idl. It serves as 4 building block from whick
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Figure 10.1- Example of retarded vector pbtential. If the observation point is as shown
in (a), and the current at the origin is the rectangular pulse shown in (b), the retarded
vector potential at the observation point is as shown in (c).



Transformation of vecter comLoom,nz": tn_Cartesian
coordinates 4o Spher: ‘eal wow/:ﬂaées
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A, = A,sin § cos ¢ + Aysin 0 sin ¢ + A,cos 0
Ap'= Acos 6 cos ¢ + Aycos 0 sin ¢ — Asin 6 [2.26]
Ay = fA,Fsin qb + A,cos ¢
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Figure 10.2 Radiaﬁorl pattern of the elementary dipole.
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Antenna radiatson resistance

Tt s a wseful measure ot 4the amount of pouer
radiated by an antenna. !

For a Hertzian dipole
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center—fed antennas, xt is found that X, vamshes at antenna lengths near'
(but not exactly) mteger multiples of )\/2 At such lengths the antenna is said
to be *‘resonant.”” Resonant antennas are often used to facilitate impedance
matching and avoid unnecessary ohmic loss. (See Problem 2.7.) Interest-
ingly, it is found that the thickness of the antenna wire affects X, and the
resonant length. However, R, is nearly independent of wire thickness.
Long-wire antennas, such as the half-wave dipole, are used primarily at
radio frequencies (say 0.1-30 MHz), in applications where high directivity
is not required. They are simple, easy to construct, and have good efficiency
and a convenient driving-point impedance. A typical installation of a half-
wave dipole is shown in Fig. 10.6. The antenna (which at AM radio broadcast
frequencies—about 1 MHz—would be about long) is suspended
between two tall supports. The transmitter, which is below at ground level,
is connected by means of a transmission line. A standing-wave ratio near
unity can be obtained by using a transmission line with a characteristic
* impedance of 73 ohms. (Coaxial line of this impedance is commercially avail-
able.) The transmitter is usually designed to drive a pure resistance. Residual
reactance is removed by a lumped-circuit matching network such as the ““pi
network’’ shown in the figure. This network can also transform the real part
of the impedance to the value for which the transmitter is designed, if this
is something other than 73 ohms. -
The reader may inquire as to whether an elementary dipole could be
used in place of a half-wave dipole, with great saving of space. Sometimes
they are; for instance, automobile AM radio antennas, which are much
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% ”Q\,.é@" - wave Mpna,,oa/g auntenna

The qazrfor— wave mongpole anlenna consists of one half
of a half - wave a’i/ﬂ/a ‘antenna [ocaled on a Conduckng ground
plane.
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(a) A vertical quarter-wave
monopole over conducting
ground.

Pertectly conducting
9 réun ol fens
(b) Equivalent half-wave
dipole radiating into
upper half-space.
FIGURE 10-5 Quarter-wave monopole over a conducting ground and its
equivalent half-wave dipole.

one’]F'cos(fﬁ cosﬂ :
’H¢s 3 27r sinb Egs="NMos
§ave B El N IH“!Z&}
27 (A2 e = i
Prad - ?Zsave'ds = (£ 281,
P=z0 §=0

Rred = _Z_ﬁ%ai = 36.S %2 (one- half of He radiation
L resistance of a half- wave
auntenna in free 5/0““')



Small [oop mzz‘e/mi (fo))

It is used in Ai'rec Houn bnding and as a TV antenna
for ultra- high ALrepuencies (UHF). ~— 300~ 3000 MHz
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Antenna Patterns

/1/0 P/tys,‘cd/ a”/eh/“yﬂs raa’/afe L(Ml‘fﬂl’m/y m all ﬂ/"redl'ﬂhs -
space. The yra,o/: tial describes the relalive tar-zone Freld

strength yersus direction at a fived dAistance from an antenna
ic called the radiation pattern (fidld pattecn) of the anteana.
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Field patterns of the Hertzian dipole: (a) normalized E-plane or vertical pattern (¢ = constant

= 0), (b) normalized H-plane or horizoniLal attern (§ = m/2), (c) three-dimensional pattern.
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When the square of [Egl is plotted it is called Zhe
power_pattern. For the Hertzian dipole,
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Figure 10.5 Radiation pattern of the half-wave dipole. The pattern of the elementary

dipole is also shown forAcomparison. The amplitudes of the two patterns are chosen to

make the total radiated powers equal.
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:()q diation intensity
The rad:ation jutensity of an antemna rs detined as
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1 Figuref 9-8: Definition of solid angle d€2 = sin®d6d¢.

Radiation intensity is the fime- average power per unit solid angle.
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To obtain better drrectivity, several antemnas cay 4o
combined to form an array. The individual antennas
(elements of the array) are positioned and excited

in such a way that heir rad; ated fields in the desired

direction add | while yadiation in undesired directions
tends to cancel.
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This ,orv/ou"zfg is called the principle of pattern multiplication

(applies only to arrags with idenfical elements).
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Example. Flot the H- lane ’, Field Pat‘z’zm's of Ywo parallel dipoles
i for the fm o cases : r a

@) d=x2/2  o=0
(b) d=M4 , £ =-F
Two 2-directed . , P(6,4)
Hertzian ;//'/0725 -F(¢) = UP x GgP
, LA A .
5}_5 Ti the H-plane

(8= 7/2) eact M’/a/e
/s omnidirectional
so that UP = |

y A o) amd £(®)=6P
e i e T . ol s s e i - X (¢= 0} }_&._,,-A,, T S
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FIGURE 10-6 A two-element arréy. A e fg = ZW/A

(a) d=X2 (pAd=T), o =0 6 d-i4 (gd-L), «=-F

6P = |cos (Lcosd)| 6P [eos[Z(eose-1)]|
This ' Wﬁ“‘:‘/‘? it max '.ZF“MY‘"L The /am’ tern maximum is
Q=177_/_2- at Is, th a 7reetion 5=01%zz .
normal 1o the axis of the aray . Z’frtaﬁa{/j)ﬂ/ﬁzj ‘2( ;’,(my axis
This is a broadside array. This is an eadfire _array.

Ve ~ FIGURE 10-7 H-plane radiation patterns of two-element parallel dipole array.

| & | o
(@)d=A2,£=0. (b)d = A4, F= —7/2.

The 'L/‘f/“ﬂe /s /)e:;aendicu/a/r to Zhe axes of +he a/;/po/es.
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Figure 13.10 A two-clement array.

The radiating elements in a broadside array are
fed in phase.
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For Example 13.6(a); field patterns in the plane cont§umng the axes of the elements.
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Figure 13.10 A two-element array.

The /p/msc-- of a ma’/mé‘ny element? n an endfire array
usually (ags by an amoant egual 4o gd = (29R)d where
d is the distance that e element /s a’_/s /p/acea/ h 7‘/12
divection of maximum rediazion.
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_unit pattern v group pattern }wultant pattern
(a) )

e
I.‘Z.f: Jags L 3

For Example 13.6(b); field patterns in the plane containing the axes of the elements.
(E-plane.)



N - element _array

I. The array is [inear in that +the
element's are spaced equally
along a straight line and lie
a/&/zrj +the Z- axis.

2. The arvay is uniform so that
each clement is fed with carvent
of the same magnitude buf of
frpgressivz, féue Shitt o,

s = L0
L= L
‘.1-35 = Iolg_gg

An N-element uniform linear array.
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Figure 13.12 Array factor for uniform linear array.
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FIGURE 10-11 Normalized array factor of a five-element uniform linear array.




Figure 13.12 Array factor for uniform linear array.

T £
2y

= AL
Al = 4

1

0.25
0.20

__pd,
0 027 04w 067 087 = 127 léw 1.617 1.87 27

FIGURE 10-11 Normalized array factor of a five-element uniform linear array.
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munitions, carried on military aircraft.

Figure 9-25: Th;_AN[EPS-SS,PhasediAr,rayﬂR,adaI Facility in the Florida panhandle, near the city of Freeport. A several-mile
no-fly zone surrounds the radar installation as a safety concern for electroexplosive devices, such as ejection seats and

9 Stories
high

and to minimize it along directions of low population
density or a direction corresponding to an area serviced
by another station operating at the same frequency (to
avoid undesirable interference effects). When two or
more antennas are used together, the combination is
called an antenna array.

The AM broadcast antenna array is only one appli-
cation example of antenna arrays; they are used exten-
sively in numerous communication systems and radar
applications as well. Antenna arrays provide the antenna
designer the flexibility to obtain high directivity, narrow
beams, low side lobes, steerable beams, and shaped
antenna patterns. Figure 9-25 shows a photograph of a
very large radar system consisting of a transmitter array

composed of_ .5_,184 individual dipole Mgr_lgca.rlqa_elremﬂp_ts

and a receiver array composed of 4,660 elements. The

radar system, part of the Space Suwgil[an_gé__@etwgik
operated by the U.S. Air Force, operates at 442 MHz and .
transmits a combined peak power of 30 MW! -

Although an array need not consist of similar radiating
elements, most arrays usually use identical elements,
such as dipoles, slots, horn antennas, or parabolic dishes,
excited by the same type of current or field distribution. }
The antenna elements comprising an array may be |
arranged in various configurations, but the most common |
are the linear one-dimensional configuration, wherein the
elements are arranged along a straight line, and the two- |
dimensional lattice configuration, wherein the elements




LEffective area of a receiving antenna

A receiving antenna extracls enevgy from an [ncident?

wave and delivers it Yo a (bad The ability of an antemna
to caplure enerqy from an jneident wave of power a/em;‘}’y
=T (W/mz) and 2o conver? it into a received (im‘orce/az‘e )

ower P (W) for delivery Yo a matehed load is characterized
by the 21"@5 tive area ( elfective a/aeﬂ‘wre or receiving
cross section ) Ae - A
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Figure 9-18: Receiving antenna represented by an
‘equivalent circuit. = '
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The time~ average power delyvered % the matched [Jood
(2= Z ) is A
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where D =[S is the dicectivity of vhe Herlaian djpole.

If the direction of z‘ée incident- electromagnedic wave makes
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Friis dransmission formula
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Antennas are | Praa=Fy Pr Fche
in the far- - Transmitting  Receiving
Lield reqion antenna - antenna
of each {)ﬂu: - r>2dy\

" Figure 9-19: Transmitter—receiver configuration.
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Transmitter

T R .
Receiver switch 2 r

FIGURE 10-13 A monostatic radar system.

Now consider a radar system that uses the same antenna for transmit-
ting short pulses of time-harmonic radiation and for receiving the energy
scattered back from a target, as depicted in Fig. 10-13." For a transmitted
power P, the power density at a target at a distance r away is (see Eq. 10-77)

Py = 13 Gol0, 9), (10-81)
where Gp(6, @) is the directive gain of the antenna in the direction of the
target. If g, denotes the backscatter or radar cross section of the target, then
the equivalent power that is scattered isotropically is 0y, %,,, which results in
a power density at the antenna o4 %%, Jamr?. Let A, be the effective area of the
antenna. We have the following expression for the received power:

2,

P, = Aeabs#

P,
= Aeabsm Gp(0, ¢). (10-82)
By using Eq. (10-75), Eq. (10-82) becomes
Radar equation P B g ,,312 2
— = 10-83
P‘ (411')3"4 GD(09 ¢)’ ( )

which is called the radar equation. In terms of the antenna effective area A,
instead of the directive gain Gp(0, ¢), the radar equation can be written as

1 A radar system employing a common antenna for transmitting and receiving at the same site
and using a T/R (xmt/rcv) switch is called a monostatic radar.
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