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Course objectives & Outcomes

» Objectives:

= To know basic antenna parameters

= To compute the fields associated to antennas

* To know the methods to improve antenna performance

= To know the basic structures of a complex antenna

= To know the Wave Propagation, methods of measuring antenna
parameters

» Outcomes:

= Elaborate various antennas and its performance parameters

Infer the fields and patterns of all types antennas

= Apply the methods to improve antenna performance

= Explain the behaviour of different complex antennas

= Recommend the antenna for a selected application



**Intended & unintended radiators**

* Antennas intended to produce specified EM field

— Radio communication antennas; Measuring antennas; EM sensors,
probes; EM applicators (Industrial, Medical, Scientific)

 Radiators not intended to generate any EM field, but producing it as an
unintended side-effect

— Any conductor/ installation with varying electrical
current (e.g. electrical installation of vehicles)

— Any slot/ opening in the screen of a device/ cable
carrying RF current

— Any discontinuity 1n transmission medium (e.g.
conducting structures/ installations) irradiated by EM
waves

— Stationary (e.g. antenna masts or power line wires); Time-
varying (e.g. windmill or helicopter propellers); Transient
(e.g. aeroplanes, missiles)



Frequency spectrum

The property of radio waves often used to identify the different

frequency bands is the approximate wavelength.
* Wavelength of the band: 2 meters; 20 meters; 40 meters, etc

- mes The frequency limits of the VHF spectrum are 30 MHz to 300

MHz.
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CHAPTER-1:
Antenna Fundamentals

» Introduction to antennas
» Radiation Mechanism-

—single wire
—2 Wire
—Dipoles

» Current distribution on a thin linear wire
antenna



Chapter-1 cont.,

» Antenna Parameters:
— Radiation {Patterns, Intensity, Resistance}
— Patterns in principal planes
— Lobe {Main lobes and Side lobes}
—Beam { width, area, efficiency}
— Resolution
— Antenna aperture, Aperture efficiency
— Effective height
— Problems related



Main lobe
Primary lobe
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Side lobes
Secondary lobes
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Antenna Fundamentals

» After completion of this chapter u will be
knowing.,

» Introduction to antennas
» Radiation Mechanism-
—olngle wire
—2 wire
—Dipoles

» Current distribution on a thin linear wire
antenna



Essential Antenna Performance
Specifications

—Radiation {Patterns, Intensity, Resistance}
— Patterns in principal planes
—Lobe {Main lobes and Side lobes}
—Beam { width, area, efficiency}
—Resolution
—Antenna aperture, Aperture efficiency
— Effective height
—Problems related



Chapter-1 cont.,

» Introduction to antennas:

= A radio antenna may be defined as the
structure assoclated with the region of
transition between a guided wave and a free-
space wave and vice-versa

or a transducer between a
gulded wave and a free space wave

Converts electrons to photons & vice versa
Interfacing device between circuit and a space

It 1s a device 1.,e 1mpedance
matching
It 1s a and radiates energy into free

space



excitation

Signal by variable
amount of current
or voltage

Unbounded
Response
Which is

Of any type

Electromagnetic

Wave into free space.
E & H are of interesting
components




Chapter-1 cont.,

» Radiation mechanism:

* Antenna converts electrons to photons ie., the

radiation produced by accelerating current (or
decelerated charge)

» The basic equation for radiation may be
expressed as

Length of current Veloc foh q »
Carrying element elocity of charged particle

di dv
i a = Q a? Acceleration of charge

Charge of the particle

Time changing current



Chapter-1 cont.,
» Radiation from single wire:
» To create charge acceleration(or deceleration) the wire must be
= Curved
= Bent
= Discontinuous
= Terminated
* Truncated -------
» Therefore
. If charge is not moving, no Current & no radiation
. If charge is moving with uniform velocity,
a) there is no radiation if a wire is straight,
b) there is a radiation if a wire is -------

. If charge is oscillating in a time motion, it radiates even if the
wire is straight



Chapter-1 cont.,

» Radiation from

No radiation from a straight

Q _) rerediation o ductor, For constant charge
excitation
Curved
Bent Radiation from curve
Discontinues /
Truncated —
Terminated
o— S —)

éﬁ-ﬁi o Radiation from a bend
-
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Chapter-1 cont.,

»Radiation from single wire:

ﬁ Radiation from discontinuous
—y

—

Q;__::,:)
i Radiation from a wire

Bl % Terminated By a LOAD

o

G/ /q Radiation from truncated wire
=




Chapter-1 cont.,
» Therefore

» [f charge is not moving, no Current & no
radiation

» If charge is moving with uniform velocity,
a) there is no radiation if a wire 1s straight,
b) there is a radiation if a wire is -—-----

*» [f charge is oscillating in a time motion, it
radiates even if the wire is straight



Chapter-1 cont.,

» Radiation from TWO wire:

Transition
Or antenna 2-D
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» Radiation from a oscillating dipole:
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Area of surface element.
A)(rsin 0 d) =
yin 0 40 dd

o, for r =1

4Q= sin b 40 db

Bement of solid angle
(steradians)
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Chapter-1 cont.,

» Principal pattern : For any linearly
polarized antenna, performance is
described in terms of E and H plane
pattern |

Max E Max H

7 Ve
v

Max E

The E — Plane is defined

as the plane containing

the electric field vector
and the direction of
maximum radiation Max H






Chapter-1 cont.,

»Radiation pattern lobes: Parts of
radiation pattern are defined as lobes

= Back lobe

Region separated by
relatively weak
radiation is called a

. LOBE *



Chapter-1 cont.,

»Lobe:
region of strong
Or beam radiation

,-g-m-w
ff \\4region of weak

‘radiation

boundary between
¥ strong and weak
- radiation



Chapter-1 cont.,

» Components required to specify pattern

completely:
E al | ' .
m

b4
o

Position of E
along theta

. Position of
along Phi




Chapter-1 cont.,

» To completely specify the radiation pattern wirt
field intensity and polarization requires three

patterns.,
= The of electric field as a function of
the space angles 0 and ¢ ie E,(8,9)
= The of electric field as a function of
the space angles 6 and ¢ Ie., E,(0,9)
= The as a function of the

angles®and ¢ ¢,(0,4) and 4,(6,¢)



Beam area of a solid angle

Areh of surface element:

(rdf e sin @ dd) =
eyin 0 di do

o, for r = 1t

d€2= sin 0 40 dd

\

Element of solu angle
(steraduans)




Chapter-1 cont.,

» Radiation Intensity:
= Radiation per

= |tis a far field
component and Is
: 2
givenby U =r Wrad
also given by

U B r.2 Ez(r19!¢)
217,




Chapter-1 cont.,

»From U, we can calculate the total power
radiated by integrating through entire solid
angle 4r o

Sle., Pay=ffUQ op P " LZO |, Usin6dodg

Solid angle subtended
by complete sphere
Along theta & Phi

» For an isotropic radiator, U will be
independent of angles and hence P, = {jU,d

I:)rad :UoﬁdQ of I:)rad :4HU0



Chapter-1 cont.,

» Beam width or half power beam-width is
defined as ’the angle between the two
directions in which

10 BWEN

the radiation intensity ods—
half the maximum P N +rew
value of the beam. 0-71
6dB 2.5
» Also known as 3 dB 0.499
beam width odp 4425
» Used to describe 17 45 625
resolution capability {03125

of the antenna

é
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Chapter-1 cont.,

» Beam area or beam solid angle is also defined
as the integral of the normalized nower pattern

over a sphere(4 }as o, — T prn (O, $)dO
0=0 $=0

7T

Q, = j Tpn(e,@smede dg

| 6=0 ¢=0 N ¢ J

All angles for
The sphere

» And also defined In terms of half power angles
a3 ) =OpPp

Solid angle



Chapter-1 cont.,

»Beam efficiency is defined as..the ratio of main
lobe (or a beam) area 2w to total area Q,

Area of main

ie-, z:|\/| :QM = QM IObeina
Q, Q,+Q pattern
T 27
Q,= | [P.(6.4)Sin0d6 dg
6=0 =0
>-|-' Area of.total v ic Area of all
lc;b;fel:;a minor lobes



Chapter-1 cont.,

» Directive gain D and Gain G are two important
parameters of a radiator or antenna

» The directivity of antenna is equal to the ratio of
max’m radiation intensitv to the averaae radiation

. .. _ U (O, D) max = U (0,9)
|nten5|ty_|e N O P s | D = 411 P (0.5)
» Also defined as the ratio of maximum nower density

. . = P(6’¢)max >
to the averace power densitv le.. D=5 5" (===1

l 2r o7 i
here Pavg:ELZOLZOP(9’¢)Slng'd9'd¢ or
P(6,9)
1 27 ¢n iD= =
= 1 T (T =
P o L_O L_O P(0,¢)dQ - EO [ P(0.9)sin0.do.dg




Chapter-1 cont.,

> It is modified as

ad 411 AL
% ‘jzﬂr P(0,4)sin6dodg @,
G0 e PAG D)

»1e the ratio of Solid angle of the sphere to
beamareaand D o« —— & 4r1>0Q,

» For an isotropic radiator (Aideal) the
directivity is UNITY ie.,l



Chapter-1 cont.,

» Gain is a realized quantity and is less
than D

» It includes ohmic and feeding losses and
is given by G=kD (where ;0<k<1)

» Gain is defined as
et ) G (REF)
Sk P...(REF)

avg

This statement valid, if AUT and REF are
fed by same input while observing the
POWERs




Chapter-1 cont.,

» Resolution may be defined as equal to
the half the beam width between nulls

(ie., HPBW=FNBW/2)
FNBW FNBW
QA —( 9 ) (—)cp

» Antenna Aperture(Ae)

» Effective Height(he)

» Front to Back Ratio(FBR)
»Radiation Resistance(Rr)

» Antenna Bandwidth



Radiation Resistance

> Recall that an open circuited lossless line
presents itself as a short circuit 2 wavelength
from the open end.

> Points on either side of this location will
appear reactive.

» In terms of FEEDPOINT impedance, there
will never be a non-zero resistive component

because an open circuited line can not
DISSISPATE power.

» However power for the most part is
RADIATED from the antenna and causes the
input impedance to have a resistive component.
(1/2 wave dipole is about 70 ohms)






Antenna Type Hadiation Pattern Characteristics

Polarnzation: Linear
fl Qi CPCILE 2 Wartical as shown

Elevation:
W\ Typical Hal-Power Beamwidth
L - 45 dag x 350 dag

Typical Gainc 25 dE at bast

Azirnuth: Bandwidth: 105 or 1.1:1
o Frequency L mit
Lower. Monea
Remarks: Polarization changes 1o
x

horzontal if nokatad 1o hoizontal

= Polarmzaton: Linsar
A2 DIFCLE Yartical as shown

Ekevation:
Fi Typical HalE-Power Beamwidth
. ¥ 80 diag 0 250 dag

W Typical Gain: 2 dE

Bandwiadth: 10% or 1.1:1

Azimuth: Frequency Limit
Lower. Mona
Upper: & GHz (practical limit)

Remarks: Pattam and Iobing changes
significanthy with LY. Usedaza gain
rfaranca « 2 GHE.







Antenna Gain Specifications

dBi means decibels with respect to an
1sotropic radiator

dBd means decibels with respect to an
1deal half-wave dipole in its direction of
maximum radiation

The gain of a dipole is 2.14 dBi
Gain (dBi) = Gain (dBd) + 2.14 dB
Use dBi in Friis’s Formula

Use dBi1 when 1t is necessary to find gain as
a power ratio compared with isotropic:

Gain (ratio) = antilog (dBi/10)



Chapter-1 cont.,

* Directivity is a theoretical value ignoring losses
* Gain includes losses
* As aratio,

gain = directivity x efficiency

* Specifications give gain, but computer models
often find directivity

» Focus on solved examples from].D. Kraus &
C.A.Balanis related to unit-I

» ie., calculate,,,, D, Dmax,Prad,U and also HPBW &
BWFN
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1000.0 < [dE] < B.76

3.76 < [dB] < 8.77
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(a) 5.8 dBi Omni 3D Pattern
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(a) Sector Antenna 3D Pattern
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Figure 4. Beam Distortion
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2 ELEMENT BEAM
3 ELEMENT BEAM
S ELEMENT BEAM

Isotropic and Dipole Antennas
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