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6.0 Introduction

In chapter 2, the fundamental concepts associated with electromagnetic radiation were
examined. In this chapter, basic antenna conceptswill be reviewed, and several typesof antennas
will be examined. In particular, the antennas commonly used in making EM C-rel ated
measurements will be emphasized.

6.1 The Radiation M echanism

Antennas produce fields which add in phase at certain points of space. Consder aloop of
wire that carriesa current.

dr,

Here two elements of current drl and d rz are separated by adistance D. The current elements
arelocated at distances R, and R,, respectively from a distant observation point. |If

R,-R;<0.1A
D<0.1A
Then the fields produced by the current elements add out of phase, and theamount of radiaion is
small. However, if
R,-R;=0.1A
Dz=0.1A

Then the fields produced by the current elements add in phase, and theamount of radiaion is
large.

-Reception M echanism

Electromagnetic fields which are incident upon an antennainduce currents on the surface
of the antennawhich ddiver power to the antennaload.
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6.2 Radiated Power

The power radiated by a distribution of sourcesis that power which passes through a
sphere of infinite radius. This, therefore, isthe power which leaves the vicinity of the source
system, and never returns.

In chapter 2 the time-average Poynting vector was presented

At pointsfar from the antenna (the radiation zone)

S Le‘“‘r . .
E(r)= jwy o [9N9+(pN¢]

where

I\T(@, ) = I I (F)e ™y’

isknown asthe “radiation vedor.” Theradation vedor isrelated to the veaor potentia by

with



Now in the radiation zone

Using the vedor identity A x (§ X 6) = E?(,K Ef) - 6(,& EI§)
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Finally
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This represents the averagepower flow dendty andliesin the diredion of wawve propaggtion.

The power radiated through a sphere of infinite radius is given by
-hmfndes

Applying the expresson for the time average Poynting vedor leals to

-hmJ’J’r[@‘ 28}\2%N | +‘N ‘%g sin6d6d g



m2mn
:HS”TQNQF +|n,| Bsinodade

dw
Let K :d—Q:S%%NQFﬂN(p

= power radiated per unit solid angle. ... where dQ =sin6d6d .

Thetotal radiated power is then

6.3 Antenna Terminology
Antenna Patterns

Radiation pattern - A plot of the radiation charaderistics of an antenna. There are two
types of radiation patterns:

1. Power pattern - A plot of the radiated power ata constant radius
2. Field pattern - A plot of the eledric or magnetic field magnitude & acondart radius
An antenna pattern consists of a number of lobes. The largest lobe is usualy cdled the

main lobe, whil e the other smaller lobes are called sdelobes. Theminima between lobesare
cdled nulls.

main
lobe

‘/////ASMelobe

nMI/////ifi::://

Radiation patterns are three-dimensional, but are usually measured and displayedas two-
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dimensional patterns, which are sometimes cdled cuts. For most antennas, two cuts give agoad
representation of the threedimensional pattern.

The radiation patterns of linealy polarized antennas are often spedfied in terms of E-
plane and H-plane patterns. The E-plane containsthediredion of maximum radation and the
eledric field vedor. The H-plane contains the diredion of maximum radiation and the megnetic
field vedor.

No antenna has atruly isotropic pattern (one which isthe samein al diredions). Rather
antennas (red ones anyway) tend to radiate more effedively in some diredions rather than others.

Directive gain - Theratio of the radiation intengty K(8,¢) to the uniform radiation intensity for
an isotropic radiator with the same total radiation power W.

K(G,(p) _ am
bt

AT
....where ngisthetotal power radiated by anisotropic radiator per unit solid angle.

0,(6.9) = k(6.9)

Directivity - The maximum value of diredive gain.
Gain - Diredivity expressed in dB.
G =10log,, (diredivity) = gain in dB

Beamwidth - The beamwidth of aradiation patternisthe angle ketween the kef-power points of
the pattern.



Radiation efficiency - The radiation efficiency of an antennaistheratio of the powerradated by
the antenra to the totd power supgdied to theanenna. The total power supplied to the antenna
consists of the power radiated and the power given up to resistivelosses.

W
E=——
W +W,

.....Where E = radiation efficiency
W = power radiated
W, = power lost

Radiation resistance - The radiation resistance of an antenna is the equivalent resistance through
which itsinput current must flow in order that the power disspatedin the resistanceis equd to
the total radiated power.

1
SlolgR, =W

oo R =—F5.... radiation resistance

ol
.....wherel, istheinput current to theanenna
From the stand point of the source that drivesan antenrg, radiation resistanceis
indistinguishable from Ohmic resistance. In both cases, the source must continuously suppy

energy to the antenrain order to keep the current amplitude congant with time. In the case of
Ohmic resistance, this resistance converts energy into propagating eleadromagnetic waves.

Input impedance - An arbitrary antennawith a pair of input terminals‘a’ and ‘b’ isshown below.



a +
Vv
h O- Antenna
/

When the antenrais not receving power from wavesgenerated by other sourcesthe
Thevenin equivalent circuit looking into the terminals of the antenra consistsonly of an
impedance

V .
Zin = |_ = Rin + JXin

n

where R, istheinput resistanceand X, isthe input rea¢ance. Theinput resistanceis the sum of
two components

Rin = Rri t RL

where R, istheinput radiation resistanceand R, istheinput lossresistance R, acountsfor that
portion of the input power that is disspated as hed, while the input radiation resistanceR;
acounts for power that isradiated by the antenra. R,; isrelated to R, by

o d
R.=0~"0OR..
Ole O
Radiation efficiency can be expres®d
- I:)rad Rri
T TR ¥R

6.4 Hertzian Dipole

The simplest radiation source consists of a short segment of current



:+
x>
oy
my

dz

\/
<

X

A Hertzian dipole consists of auniform current | flowingin ashort wire dz terminated by point
charges.

Here
A -dz dz
- 25(x)d el ds
(M=o ()(Y) ...... for ) szs2
o o0 . elsewhere
It is seen that

| = [Jds = [ [15(x)5(y)dxdy = |

The charge associ ated with the current is found using the continuity equation

00 =-jwp0 SO
STl PTG

The current density may be expressed

where u(t) represents the unit step function.
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dz dzo du(t)
(y)H'CS@Z'*?@'* 5%‘7@5 ...... ecause — b
. dz _ dz
= (+) point chargeat z = 7 (-) point chargeat z = — 7

Vector potential

where

or

—-jkR
e J

dv’

dz
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now use Z = cosf — 6 sin 6 to get
—jkr

Ho

K(F)z(fcose—§sin9) Idz
E-M fields
B} . @0d oA, [
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o 909, .\ a0 el
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SO

N L
B = ldz sin@e™ ¢
(p4n re

J
W,

E=- OxB atadl pointswhere J = 0

i Or 9 6 9 0
:_wujo [[s:ne 06 (B sme)—r—d—r(rB )B
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j 1dzO 1+ jkr 01+ jkr - k?r? O

= - 2¢0s6 + 6 sin6[] e
e, 471%0 re o r’ D%e
now use
1 1
= Bl | where 1), = o
W W\l V& K £
Then
- ldze ™ @ 2 O ~ldze ™ O 1 0O
E=f Dn°+. ~[C0S0 +6 — Djwo+n—°+. ~[ping
A r r JWEST [ A r [ o JwEr " ]
Thus the fields may be expressed:

E = e%—

ldz Ok 1 j O

—nOS|n9Er+———g

It is seen that these expressions contain terms having three different rates of decay: 1/r,
/r?, and U/r3,

Near-zone fields (induction zone)

A
The near zone fields are those which are strongest near r = 0, or when 1 << E Thus

these are the terms of B which vary as 1/r? and the terms of E which vary as 1/r*;

ldze™™ n,

E = -
J471r

[2r cos@ + 6 sin 9]

—jkr

=~ . €
B=@p-—Idzsin@
(p4n re
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The near zone E -field looks like the field of an electrogtatic dipole.

The near zone fields do not contribute to radiated power. Instead they resultin reactive
power (time changing energy stored in the fields near the antenna). Only the 1/r terms contribute
to radiated power.

Far-zonefields (radiation zonefields)

Thefar-zonefields are those which are strongest as r — o . Thus, these are the terms
of E and B which vary as 1r:

_ AU ldz g lv
Bz(pyjl—njksiner—
- jkidz eI

E=f——n sinf—
4 L r

The radiation zone fields are those that contribute to radiated power. Note that fildsform a
transverse wave.

Radiated Power

B hastermsthat go as /r and Ur> and E hastermsthat go as Ur, 1/r? and 1/r°.
Since ds=r° asr - o only the 1/r terms contribute to W.

[ - o0

W = lim %Re{ﬁr xH'S mr2dQ

whereE" andH " arethe 1/r termsfrom E and H cdled the “radiation zone” fields.

T2

1
W :_O[_O[EE;Hﬁde
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1 0dz o 7 o,

= Hin BT r sno g sno sy

_lgdzf T
= S EinE wuokfd¢IS|n
—27T _43
_11%dZ° m _ Hy
=5 161 T WK 3 @ use: Wiy = W+ Hp&y g = kn,
1 1%dz* 2m
= E - K N, use: kK = T

= Elzgdlg Watts
_003 A

W = 407‘[2|2H—

III|:|

Radiation resistance

2 i
e

Example: Calculate the radiation resistance of a1 cm length of uniform currentif thefrequency is
900 MHz and the host medium is air:

gm
Lc_ 3xio0 A
f ~ 900x10°Hz

LT

1 m
SR =w=nZ"

= 33.3cm

,01x107m O

R =80 7 =07110
T B 3x10%m

It is seen that the radiation resistance of ashort current segment isonly on the order of afraction
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of an Ohm, making it arelatively inefficient radiator.

Directivegain

gd(e):vy,(i)n W =jfr<(e)dfz
1 0dzf

(o)~ ZFE[O% sinG][ksinG] -
PLE

sin? 0

3
gd(9)=53in29

D = max[gd(e)] =g, @g@z 15

G = gain =10log,,(15) = 1.76dB

Directivity

6.5 Radiation from a cylindrical dipole

The cylindrica dipole antennaisoneof the most commonly used antennain the VHF/UHF
frequency range.

The cylindrica dipole may be viewed as an open-ended transmiss on line which has been flared
out.

()

O

=0
Open circuited transmission line
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O
0
< +

Dipole antenna

Far zonefields

z=-1

Itisnoted that | (z = £1) = 0 (current at the tips of the antennais zero).
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The current density present on the dipoleis given by

3() - E’fl (z)5(x)5(y)g ... for |zl <
) n 0 o ...elsewhere
sink (I -z])

sin kl
Theradiation vedor is

z'=—

|
= S(x)oly' Jdx'dy’ [sink(l —|z'|)e’ *dz’
fFateitylcer fsnu( - 2)

D I

l,Z , o
- k I_ 11\, jkz' cos8 o1
SnK Z’:m (1-1z'|)e dz
- IOA Jl'sin k(l _ Zy)ejkz’cosedzy + ij’sm k(l + Zy)ejkz’cosedzy
sinkl 4 sinkl J
Using the relationship
eax
J’eaX sin(bx +c)dx = Y [asin(bx +¢) - bcos(bx +c)]
gives
. zl, cos(kl cos@) - coskl
N =7 —
6.0)= 250 sin g
Let
cos(kl cos@) - coskl
FO(G, kl) = ( . ) “radiation function”
sing
then

- 21, F,\6.kl)/. s
N (6,0) = ksinokl Os(ine )(r cosG—GsmG)

b4
z
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E(F)=

— jkr

| -
= J;)ll:[llz ¢ F(G kI)G .....far zone E -field
cos(kl cos8) - cos(kl)
h
where F (6,d) = sin(kl)sin 6
. FxE(F)  joul, e ™ .
H(r)= = F 9,k|
(F) ; ok T (6.kl)o
Use wl, = kn, then
- "jnolo g Ik . .
E(F)=6 o —F(G,kl) Rediation zone fields
oy Al e _
H(r)=(pﬁ r F(G,kl) produced by adipae

Radiation pattern

8N el N[ B

2
4/l
K(@):”—wer:g’#%wmo

2
|
:nO%FZ(e,kl)

Often times4/ K (9, (p) is plotted as opposed to K (9, (p) sincev/K  describes the pattern of the
far-zone field:

cos(kl cos8) - coskl
K 4
(6) = (9 ) sin@
2 X4
COSX =1— —+—+-

21 4l
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Special case: kl <<1 - | << A

1 1
1- - (kl cosf)* -1+ E(|<|)2

F(6,kl <<1)= 5 d

;(kl )2[1 - cos? 6]

sinf@

~
~

1 .
= E(kl)2 sinf - Same pattern as Hertzian dipole.

1
0.707 @E power point@

1 " broadside
direction

4
/_\ " ) -

beamwidth = 90°

Other cases:
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270

2l=lambda/2 2l=lambda
90 1.3985 90 2.3376

270
21=(3/2)lambda 2l=2lambda

Most often the length I=A/4 (half-wave dipole) isused, sinceif it isanearly resonant structure
with its current maximum at the driving point (z=0). For adipolewith a non-zerowire radius, the
length must be dightly shorter than A/4 to produce resonance.

Note if we define the input impedance Z,, as
v, input voltage
Zin = 1, input current
then resonance occurs when Z,, is purely real (just asin circuit theory).

Radiated power

2
~ mo2n _ ||0|2 2 s .
W _e'[o(b[oK (6.0l =n, Jo'd(pJO'Fz(G,kl)sm 646

Nl
:QO%JO’FZ(G,kI)SinGdG

This expression must be integrated numerically.

Specia case#1: ki<<l (Short dipole)

!

F2(6,kl)= g(kl)sineg

6-19



~ o

1 w
= (kI 2J’sin36d9 N, = 12070
* 5

ool LRngr ¢
471 4
=40n2\|0‘2%g Waits

T
Specia case #2: @(I = E@ (Half-wave dipole)

ol ol ol
P e

‘I 2 7C0S %cos@@
0

471-0[ sinf

1.22 by numerical integration

W =n,

thus
W =36.6|1,|
Directivity
max{K (8)}
W
Am
Special case#1: ki<<1 (Short dipole)
i \'o\ 2 )snel
K(9) = Mo g F2(6,kl)=n T (k smeH
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G =1010g,,(D) =10l0g,,(3) = 1.76dB

T
Specia case#2:  kl = Py (half-wave dipole)
2 Eposmn cos?%%2
mex 2 ‘8’ O Smgg 0
§ 08 f
[
= ’70 87T
[
L 8n 2 o _
= = =164 moredirective than short dipole

G =10l0g,,(1.64) = 2.15dB

Radiation resistance
2W 2W

r lolg ‘I ‘
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Specia case #1.

Specia case #2:

=60[F*(6,kl)sin 6d6
0

ki<<1 (short dipole)
fni f
R =60 (kl)sin65 sin6do
[gM)snég
= 80m° @I—gQ
- A
K=" (hdf-wavedipole)

2(365hof)
R = - 2 - 73.2Q

r
Iy

Notethat aresonant half-wave dipole (Z,, = R,, + jX,, = 73.2 + j0) ismatched quite well by a75Q
coaxia cable transmission line.

Example

I 1
What input currents are needed to a short dipole of length E}ﬁ = B and to a half-wave

dipole to radiate a power of 1kW?

Elo

R

r

1
short dipole: R =807’ @Eg =79Q - |, =159A

half-wavedipole: R, =73.2Q - |, =523A

6.6 Radiation from a small loop antenna
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The fields associated with a small loop antenna can ke shown to be

B, <, (ka)” ¥
£(r)= g7 08

A r sinf
. FxE(F ~1(ka)® e
H(F) = n()z—e (4) —sin6
Radiated Power
0_ ’70
K(6.9) = 8}\2 N ‘N‘D g’ |

8’k2| k?(ma?) sin? 6

using , =120m A =—

1
K(G,(p):%lz(ka)“ sin’ 6

6-23



Note that the radiation pattern of the smdl loopisidentica to the radiation pattern of the
Hertzian dipole. The small loop isthe magnetic dipole ardlog of the dedric (Hertzian) dipole

21 s

1571
W= [[K(@O)Q= [do [ ——2%ka) sin®6d6
II (0'[0 e'[o 4
151° g
= 12(ka)* [sin®6do
2 9'!.0

Y%
=10m%1%(ka) ' Watts

Radiation resistance

2W
Rr = |_2 = 20n2(ka)4Q

eample. &) =05 - R, =20m[27(0.05)]" =1920

Directivity

Sincethe radiation pattern of the small loop isthe same as that of the Hertzian dipole, the
diredive gain, the diredivity, and the gain are the same:

D=3/2 G=1.76B

6.7 Currentsabove a perfectly conducting ground

Antennas are often placel above conducting surfaces, for purposes of measurementsin the
lab, or in pradicd situations aswhen an antenmais placed on aca roof. Often the eath itsdf is
modeled as a perfed conductor (athough this not dways a goad goproximation because the
conductivity of the eathisfairly low).

Fields produced by currents by antennas above a ground plane can le calculated using the
method of images.
Method of images

Consider acurrent carying element above aperfedly conducting plane:
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perfect conductor, E= B =0

The current elenent will producean E -field which will i nduce currents to flow on the surfaceof
the conductor. These currentswill produce an addtional “ scateredfield”. The total field mugt

obey the boundary condition E = 0 onthe conductor surface 4z = 0.

We may replacethe problem by an equivalent problem. The ground plareis removedand
replaced by an “image” current.

tangential

Free space ﬁ_/

Free space ,
image" current

Here the fields produced by both the current and itsimage will beidentica to thefields produced
by the current above the ground plane aslong asthe boundary condition on the fotal

fildE,,, = 0 a z=0is obeyed.

Question: What image current will result in theboundary condition being satisfied?

Sinceany current distribution can beviewedas asuperpostion of Hertzian dipoles, we only need
to identify the image of a Hertzian dipole.

Thefield due to a Hertzian dipole on the zaxisis given by
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q_rAIdze‘““DZr]o+ 2 DOSG+GA|d_ze““Dw o,
Y Er jweorZEp 4 %J/JO r

Casel: Horizontal dipole

d

d,

choose: d =d |I,|=|I| L =-1

thus: rn=r 6 =0

and: (E”)tan = _(Er)tan’ (Ea)tan = _(Ee)tan

So, (E +E, )tan =0 - then boundary condition is satified.
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Casell: Vertical dipole

choose;

thus:;

and:

Summary:

d=d, [i|=0, =T

n=r, 6 =m-6 - cosf = -cosf

(B, =-C)  (Ea),=-(E),

(E +E. )tan = 0 - then boundary condition is satisfied.

1. Horizonta currentsimage in opposite diredions.
2. Verticd currentsimage in the same diredion.
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6.8 M onopole above a ground plane

my

us]]
11
D

free | e &
space T

7777 T 7777

coaxial
cable

The equivalent problem isadipole.

Thusthefields radiated by a monopole above a ground plareareidenticd to those of a dipolein
freespace However, the radiated power, and thus the radiation resistance ae haf that of the
dipole, since the monopole only radiates into half the spacethat the dipole does.

1 ‘I 0‘2 % 2 ;
Wmonopole = E\Ndipole = ’70 T IF (Gv k|)S|n ede
0
. %
- - 2 :
Rie = 5 R = 60{F (6,k1)sin6d6

6.9 Broadband antennas
Although dipole antenres possessmany attradive tharaderistics for measurement of
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radiated emissons, they are not ided for gathering data over awide range of freqiercies. The
radiated emissons range typicdly extends from 30 MHz to 16 GHz, and the length of a dipole
must be physicdly adjusted to provide a length of 2\ at ead measurement frequency.

A more pradicd technique is to employ broadband measurement antennas. A broadband
antenna has the following charaderistics:
1. Theinput/output impedanceisfairly constant over the frequency band.
2. The antenra matternisfarly constant over thefrequency band.

Two types of broadband antennas will be examined: Thebiconical antenra, and thelog-periodic
antenna.

The biconicd antennaiistypicaly used in the frequency range of 30 MHz to 200MHz.
The log-periodic antenrais typicadly usedin the baad from 200MHz to 1 GHz.

Biconical Antennas

An infinite biconica antenna consists of two cones of half anglef, with asmall gap at the
feal point.

free
space

voltage
source
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In the spacesurrounding the cones J=0. Symmetry suggests that thefields are H = (ﬁH 0 and

E = éEe. Maxwell’ s equations can be solved to give the form of thefield as

—jkor
_ Hy e
? sinf
and
k, H, e
Eg=—— = noH
° we, sin@ r Ty

Where H, is constant.

It isnoted that thesefieldsform transverse dedromagnetic (TEM) waves (the electric and
magnetic fields are orthogonal and transverse to the diredion of propagation). Therefore, a
unique voltage between two points on the conesmay be dfined.

The voltage produced between two points on opposite cones that are both adistarce’r’
from the feed pointis

6,

V(r)=- Iﬁmr

6=m-6,
: 1
=2n,H e ! In%ot 59,@

The current on the surfaceof the conesisgiven by

21

1(r) = J’H(orsined(p
@=0

= 27H e

_ Mo Et 1 @
_v 7 =10 -
] nn ot29h
1
:120In%0t59h§

and the input impedanceisthen

which is purely resistive.
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Usually, the cone Hdf-angle is chosen to provide amatch to the feal line charaderistic
impedance
The total time average radiated power isgiven by

W :f(ﬁ [ds

2 -6,
= 6d ad
J’O ej’eh Tor sin Q

T

=mH,’ [ —
oo 9-[OSIn9

:2nnO|HO|2InEtot%9n§

Radiation resistanceis given by

oW 4nr]O|H | In%tot@@

O 4 |H,|

1
R = 120In%0t59h§

which isthe same as theinput impedarceZ,,.

It isnoted that the radiated fields are spherica waves with E inthe@ diredionand H in
the _/diredion. Forlinealy polarized wavesincident on theanenna from the broadside

diredion (6 = 90°), the antenra responds to thefield componentthat is parallel to itsaxis. Also
the input impedance and pattern are thearetically constant over an infinite range of frequencies.

Infinite length cones are obviously impossble to construct, therefore red biconicd
antennas consist of truncated cones. The finite length of the conescauses refledions & the waves
travel outward along the cones. This produces standing wavesthatresult in theinputimpedance
having an imaginary (readive) component, rather than being purdy red.

or

Often wires are used to approximate the cone surfaces:
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truncated biconicd antenna
composed of wire elements

Other variations:

cone

ground
plane

Discone Bowtie

The fields of the discone antennaabove the ground plare are the same asthose of the
biconicd antenna by the method of images. The radiation resistance of the discone is %2 that of
the biconicd antenna.

The bow-tie antenrae consists of flat triangularplatesor a wire which outlines he same
areaas the plates. Thebow-tie anennais frequently used for recegtion of the UHF television
signals. Using wiresinsteal of solid metal triangles tendsto reducethe bandwidth of the bow-tie
antenna.

L og-periodic antennas

The log-periodic antennaachievesalarge geraional bandwidth through repetitive
dimensioning of structures. The structural dimensionsincrease in proportion to the distance from
the origin of the structure. Asaresult, the input impedance and radiation properties repea
periodicdly and are functions of the logarithm of frequency.

The log-periodic dipole array is a commonlog-periodic measurement anénna. This
antenna shares the properties of al |og-periodic antenresin that elerent distances, lengths, and
separations are related by a constant such that




//
— // -
///
n+l n
_——=—— — — —_— — — — = — — = — — — — —
\\\\
\\\_\
\\\\
R, X d,
log-periodic array

The most efficient way of operating alog-periodic array is such thatthe currents on

adjacent elements are reversed in phase.

@

>

T e

criss-cross fee

d method

In thisway the shorter elementswill not interfere with elementsto the right.
The bandwidth of the log-periodic antenrais approximated by determining thefrequency
at which the shortest element is, and the frequency at which the longest element is%2 A.
At aparticular frequency only the elements which are at or nea aresonanceare adive.
Thus, the adive region of theanennaadjuds depending on frequency.
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6.10 Aperture antennas
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Aperture antenrasare charaderized by an aperture or opening from which rad ated fields
are emitted. Thesinclude horns, dots and microstrip patch anennas. The qeration of such

antennasis best explained by Huygen's principle:

Eadh point in an advancing wavefront ads as a source of spherica, secondary wavelets,

that propagate outward.

ncidenft
field

. ) *_—
S L
[ ® [ ]

[ ]
N ° T

The secondary wavelets cause the wave to spreal asit travels away from the goerture.

6-34



Thisisknown as diffraction. The antenra pattern of anaperture anenna is actually adiffradion
pattern.
In the far zone of a simple aperture the megnitude of the dedric field isgiven by

jk e—jk\F—F’\
E(r)=—/E.([")——ds’
)= o[ &)

where Sisthe aperture surface E (F'") isthe magnitude of the eledricfield in the goerture and
" isaposition vedor that sweeps over pointsin the aperture.
At pointsfar from the aperture
F=7'|=r-2"cos@
Asauming that thefield in the goerture isuniform andthatthe aperture width is small

a
. S a _ SIN cos@@
jkAxe k2 . A @T)\
E(r,0,p)= — [E. ez = JE.Ax
( (p) 21 _!,2 : IEs r rcosf

The size of the main lobe in the resulting pattern isinversely proportiond to the gerture
width ‘a. Thusin order for the main lobes to be narrow, the aperture dimens onsmust be on the
order of awavelength or greder.

Normalized far-zone E-field vs. Observation angle

\r—r'\ 0.8

"\ fo

0.2
vl

Radiation from a narrow aperture o 20 a0 s 80 100 120 140 160 180

Horn antennas
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Horn antennes are flared waveguides. There are three lasc types of horn antenres.

E-plane horn - flare isin the plane that contains the E -field vedor.

H-plane horn - flareisin the plane that containsthe H -field vedtor.
Pyramidal horn - flareisin both planes.

The aperture distribution of ahornis typicdly the same asthe mode of the feading waveguide,
with a phase taper acossthe aperture.
13 E T

\)‘ZO'.{S/\ H

Geometry of a typical horn antenna

The antenna asareceiving element

Any transmitting antenna canaso be used for the purpose of “receving” —intercepting a
portion of the power radiated by some source. Insteal of being driven by transmisson line,a
recaving antenna delivers power to aload conneded at its terminals.

Consider a sphericd wave radiated by some distant source, and incident on areceaving
antenna. Over the locd region of the antenrg, the sphericd wave ca be approximated a&a plane
wave. The plane wave induces a current in theanenna, which in turn produces an additional
scatered field. But theinduced arrent dso causesavoltage to appear acosstheload
impedance.  Thisvoltage then ads like a drivingvoltagecausing additiona currents to flow, jus
asin atransmitting antenna, which producestill another scattered field.

Thus, by superposition, the total current flowing on the antenra mey beviewedas that due
to ascaterer interading with a plane wave plus that of atransmitting antenna.

Transmitting/receiving equivalent circuits
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Vi=Z,l 42,1,

[
_ [1 network description of transmitting/receving system
V, =2, +2,1,0

Asame: Z,, << Z,, for r - large (little coupling from receving to transmitting antenrg)

Vl
(Zl)in - |_ =Ly

1

linear
medium
|2
antenna 1 NS L§
(transmitting) antenna 2

(receiving)

Equivalent circuit for
transmitting antenna

< +

Vz :_IZZL :221|1+222|2

| = _221|1
’ ZZZ+ZL
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+ Equivalent circuit for
Z,,1, Z receiving antenna

Note: When antenma 2 isin receving, we can not assmeZ,, = 0 sincethisterm describes the
coupling effed between transmitter and recaver.

Note: When antenra 2 istransmitting, thenZ,, = 0 so that

=0

Receiving/transmitting reciprocity

There are three asic redprocity relationsbetween recaving and transmitting antenres:

1) The antenra pattern for reception isidentica tothat for transmisgon.

2) The equvalentimpedarcein the recaving antenra equivaleri circuit isidentica to the
input impedance of the antenrawhen it is transmitting.

3) The effedive recaving crosssedion areacof an antenrais proportiard toitsdiedive gan
as atransmitting element.

We have drealy consdered (2) above. The othersrequire the use of the Lorentz redprocity
theorem. From thistheoremwecan how that Z,, = Z,, .

Relationship between gain and effective receiving cross-sectional area

W
Definition: A = —— effedivereceving crosssedion area(m?).

er

av

where: W, = receved power (power delivered to the load)
P,, = average Poynting vedor (power density) mantained by transmitting
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antenna (Watts/m?)
A, isafunctionof: 1) Load impedarce
2) Asped of antenra to oncoming wave

3) Polarization of oncoming was/

Note: W, = A_ P,, =total power intercepted by recaving antenra.

er - av
dw,
Recdl: g 9 (p (\jNQ diredive gain of transmitting antenna, W, = transmitted power.
t
it
— 4m2Pav |:| P :thdt
W, ¥ 4m?
Aer gdt - . .
So: W, =W, aml recaved power in terms of transmitted power.

Maximum power transfer relation:
Asame load impedanceis conjugate matched [1 maximum power transferred to load

ZZZ

+
Zlel@ ZL:ZZDZ

receiving antenna

ZL:ZZDZ:RZ_jXZ

W=£|I
r 2 2

RZ—2

|2 i‘_Zlel
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transmitting antenna

le = Rl + JXl
1
W, = E|I1| R,
2
|221|1| )
W, _ B8R, _ |2
W, 1,12, A4RR
t 2||1| R, 17
but:
2
%: Aergdt — |ZZl|
W, 4m?® 4RR,
so:
2 Rle Aerzgdt1 I .
|221| = ——— — antenna 1 transmitting, antenna 2 receving
m
2 Rz RlAer Yar
|le| = ————— antenna 1 receving, antenna 2 transmitting
m

nowuse Z,, = Z,, (Redprocity of network)

gdt1 Aer2 = gdt2 Aer1
or
A A

er, er,

9¢,  Ya,
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Now sinceantenres 1 and 2 were arbitrary,

er

= constant
Yt

For polarization matched conditions (recaving antenna oriented to intercept maximum amount of

Am
power), the constant can te shown to be }\_2 (Derivationis kind of mesgy).

2

Thus, —=— Universal relationship between gain of an antenna ading asa tranamitter
94
and effedive areaof same anennaading asarecever.

A
So, W, =W, @mg D, D, “Friis’ equation

Reciprocity between transmission and reception patterns

Casel) Antenna 1 transmitting, antenna 2 recaving

Measure transmitting pattern of antenra 1 by varying 6.

W, 0 1 0
t 2|z, G==10
W, 4RR, O
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2

W, Z,,|

T2b b

W - 2
M2a |221 a
Case 2) Antenna 2 transmitting, antenna 1 recaving
/
NN
N N I
S——— g ———————————-
/
(), | j 6 2)
la N\
(1a) N
AN
AN

Measure receving pattern of antenra 1 by varying 6.

W, 0 1 [
=2al B r

Mp

W, |z,

2
a

T2b M

By redprocity: l,=2L,0 —=

power patterns are equal.

Thus, the reception pattern of an antennais identicd to its transmisson pattern.
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