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Antennas
Single Elements and Arrays

Antennas:
'Electronic Eyes and Ears of the World'
John D. Kraus
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Antenna As A Transition/Transducer Device
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TE Horn Animation

Copyright©2016 by Constantine A. Balanis . .
All rights reserved 1EEE EMC, Phoenix, AZ, Section
March 20,2019

TM Open Animation
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Definition of Antenna
According to the IEEE Standard Definitions

of Terms for Antennas:

[ i R T -

"A means for r. ﬂlatlng or receiving radio waves.'
According to thc Websier’s Dicli

A means for radiating or receiving r

In other words, the antenna is the transitional

structure / transducer between free-space and

 a guiding device.
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Definition of Antenna

to the receiver.
In the former case, we have a rransmitting
antenna and in the latter a receiving antenna.
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Definition of Antenna

In addition to receiving or transmitting EM energy,
an antenna in an advanced wireless communications
system is usually required to opfiiie oii accentuate
the radiation energy in some directions and suppress
it in others.

Thus the antenna must also serve as a

directional device, in addition to a radiating device.
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Thevenin Equivalent
In Transmission Mode
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Horn Antenna
And Its Equivalent

Hom .-~ ""'-Equivalgnt’"-
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Types of Antennas

1. Wire antennas

2. Aperture antennas

3. Microstrip antennas

4. Array antennas

5. Reflector antennas

6. Lens antennas

7. Other Antennas for Mobile Units
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Fundamental

Parameters
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Coordinate System
for
Antennas
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Coordinate System
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Spherical Angular Limits

Areaof&ghﬁrezrfdfizrfrz sinf.dodyp
00 00
Area:]i zfrz sin@ dé | d¢
oL o

Copyright©2016 by Constantine A. Balanis IEEE EMC, Phoenix, AZ, Section
All rights reserved March 20,2019

Spherical Angular Limits
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Spherical Electric and Magnetic
% Field Components

spherical
right hand
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Amplitude Radiation Pattern

* Field Pattern:
A plot of the field (either clectric |E]

or magnetib |H]) on a linear scale

* Power Pattern:

A plot of the power (proportional to

or magnetic |H?
fields) on a linear or decibel (dB) scale.
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2-D Normalized Field |E,| Pattern
of a Linear Array
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2-D Normalized Power |E, |’ Pattern

of a Linear Array
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2-D Normalized Power |E,| Pattern
of'a Linear Array in dB

10 element
d = A4 spacing

Copyright©2016 by Constantine A. Balanis
All rights reserved IEEE EMC, Phoenix, AZ, Section
March 20, 2019

Power Pattern
(d8)

Polar Pattern

Normalized Field
Pattem (inear scale)
1
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Normalized 3-
plitiide Fleld Patte

of Lincar Array

Linear Scale
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Normalized Field
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Polar (dB Scale): Two-Dimensional Pattern
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Directivity D
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D(dB) = 10log,,[ D(dimensionless)]
D,(dB) =10log,,[ D,(dimensionless)]
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directivity (dimensionless)
D, = maximum directivity (dimensionless)

U, = radiation intensity of isotropic
= radiated power (W)
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Directivity

Realized
Gain

2

Gain
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Three-dimensional Directivity Pattern

Directivity
(dimensionless)
2

D=1.67sin%(0)
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Two-Dimensional Directivity Pattern

D (isotropic)=1

Example 1:

. sin#

rad nrA‘O‘
Solution:
. B4,
UswrW =A4sind
Umax - Ulmtm - Aﬂ Siﬂ 0|9:;:rfi - AO
4r(l ”
D= —’5(3-)—’4—'1 =127 dimensionless
2 74, ’
D, =1.038 dB
| D=D,sin6=127sin0
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Example 2:
Wi sin” @
a9 >
- r

P
U W - dsind
U, U - Asin Qi =4

D, =1.761 dB
D=D,sin’ f=15sin ¢
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Three-Dimensional Normalized Radiation Patterns

D=D,sinf=127sin0
D,=127=1038dB

D=D,sin’@=15sin" 6
D,=15=1761d8
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Appﬁ : éiimate Formulas

for
Directiv
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Kraus Formula
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Tai & Pereira Formula
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Normalized Field
Pattern (linear scale)
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4 a0
l)0 i e _2
,, (38.64)
Tai & Pereira:
815 728l5 o ——
. 20864y
Using the computer program Directivity,
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Diregtional

Patterns
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Radiation Intensity Pattern
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Exact & Approximate Directivities

-850
=152y
=812
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 Kraus Fror=0
- n=5491855
HPBW - 56.35°

|[Kraus’ Error|=|T & P’ Error|=6.24%
n= 1128
HPBW =39.77°
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_...Patterns . . .
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Omnidirectional Pattern

With Minor [ obes ——
Z Pattern ﬂmeag scale)
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Omnidirectional Pattern

Without Minor Lobes

Normalized Field
Pattem (inear scale)
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Omnidirectional Patterns
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Realized
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e, = e e, = Radiation efficiency
e. = Conduction efficiency

e, = Dielectric efficiency
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Antenna
 Radiation Efficiency

ecd
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Efficiency

ecd=R

. Power Radiated by Antenna (P.)
“  Power Delivered to Antenna (P. + P,)
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Horn Antenna
And Its Circuit Equivalent
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Antenna Reference Terminals

.
t

Input
terminals terminals
(directivity reference)

(gain reference)
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G=e,D

iGo‘ =e

GO (dB) = ]'Dlogm [EedDo ]
G,(dB)=10log,,(e,,)
+10log,,(D,)
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Realized

Gain
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Directivity

Realized

Gain

Pa

. in n
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Realized Gain G,,

G..(0,9)=¢,D(0,9) = e,e,,D(0,4)
G.(0.9)=(-IT,, Pe,D(0.9)
e, = antenna total efficiency
e, =(1-|T,, [') = Reflection efficiency
e, = e.e, = Radiation efficiency
e_ = Conduction efficiency
e, = Dielectric efficiency
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Today antenna technology
is
Science
Not

Art
Very bright future and many challenges ahead.
We just need exercise creativity,
imagination and science
for its advancement.
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