Course Topics

-Fundamental parameters of antenna CH?2

Linear wire antennas CH4

-Infinitesimal dipole(sec 4.2), small dipole, finite length dipole(half wavelength dipole)
-Image theory and monopole antenna

-loop antenna CH5

-Arrays Smart antenna

-Microstrip antenna CH14

-Independent frequency antennas CH11

-Required Report: application for selected antenna type



Assessment
* Quizzes (2-3) 10
e Mid Term Examination 15

* Project 5
 Report and Oral Exam 15
* Assignment 5
* Final Examination 75
* Total 125

Reference

* Book : Antenna theory analysis and design [3" edition-Constantine
A.Balanis



Antennas

An antenna is a device(transducer) that is used to transmit and/or receive an electromagnetic wave.
It converts signals on electric circuits (V&I) to EM waves (E&H) radiate in space and vise versa.

Thelantenna itself can always transmit or receive, but it maybe used for only one of these functions in an
application.

Examples:

e Cell-phone antenna (transmit and receive)

* TV antenna in your home (receive only)

* Wireless LAN antenna (transmit and receive)
* FM radio antenna (receive only)

» Satellite dish antenna (receive only)

 AM radio broadcast tower (transmit only)

* GPS position location unit (receive only)

* GPS satellite (transmit only)




A good antenna would radiate almost the power delivered to it from the transmitter in a desired direction or directions.
A receiver antenna does the reciprocal process, and delivers power received from a desired direction or directions.

Types of Antennas

 Antenna can be categorized by:

* Narrow band versus broadband

* Size in comparison to the wavelength (e.g., electrically small antennas)
* Omni-directional versus directional antennas

* Polarization (linear, circular, or elliptic)

* Antenna Types According to Physical Structure

Wire antennas
Aperture antennas
Microstrip antennas
Antenna arrays
Reflector antennas

O O O O O



Types of Antennas

Dipole Wire Antennas

Wire Antennas

Y3

Dipole Circular loop Rectangular loop Helix

Very simple

Moderate bandwidth —
Low directivity —
Omnidirectional in azimuth current

Most commonly fed by a twin-lead transmission line
Linear polarization (EO , assuming wire is along z axis)

v

Lx~A,/2

(resonant)

The antenna is resonant when the length is about one-half free-space wavelength



Types of Antennas (Cont.)

Monopole Wire Antennas

[h | h~ i,/ 4
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Feeding coax

This is a variation of the dipole, using a ground plane instead of a second wire.

= Similar properties as the dipole

=  Mainly used when the antenna is mounted on a conducing object or platform
=  Usually fed with a coaxial cable feed




Types of Antennas (Cont.) UMF Directors
UHF Corner Reflector

Yagi Antenna

VHF Elements
Reflector
Spacing .
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X" vwr
Reflector Director -
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' S VHF Log-periodic
Director Spacing
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" Low bandwidth
= Moderate to high directivity -
= Commonly used as a UHF TV antenna
025y 013}

There is a tradeoff between gain and bandwidth, with the bandwidth narrowing as more elements are used



Types of Antennas (Cont.)

Log Periodic Antenna

This consists of multiple dipole antennas of varying lengths, connected together.

Ty

High bandwidth
Moderate directivity
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Commonly used as a VHF TV antenna




Types of Antennas (Cont.)

Aperture Antenna

HORN ANTENNA i

Pyramidal horn Conical horn

Horn antennas are very popular at UHF (300 MHz-3GHz)frequencies.
Wide bandwidth

Directional radiation pattern(1.5 degree HPBW).

Moderate gain 10-20 dBi



Types of Antennas (Cont.)

Microstrip Antenna

= Low bandwidth

= Low directivity (unless used in an array)

= Easily fed by microstrip line or coaxial cable

= Commonly used at microwave frequencies and above



Types of Antennas

Reflector (Dish) Antennas

>
feed

, Parabolic reflector and
Parabolic reflector hyperbolic subreflector
(front feed) Reflector (Cassegrain feed)

Reflector

Very high bandwidth

Medium to high directivity (directivity is determined by the size)
Linear or CP polarization (depending on how it is fed)

Works by focusing the incoming wave to a collection (feed) point



Types of Antennas (Cont.)

Array Antenna

= Combine elements to make a higher gain antenna.
= Highly effective for beam-steering and tracking
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To describe the performance of an antenna, definitions of various parameters will be discussed

= Radiation Pattern

= Beam-width

= Radiation Power Density

= Radiation Intensity

= Directivity

= Efficiency

= Gain

= Polarization

= Effective Aperture (effective area)
" |Input impedance

= Friis Transmission Equation



Radiation Pattern

radiation pattern is defined as a mathematical function or a
graphical representation of the radiation properties (Amplitude
or Power) of the antenna as a function of space coordinates.

*Radiation patterns are conveniently represented in spherlcal ’”I'”I’HUUHI ||||Ill1'|l'1‘.\‘t7 companents

I
coordinates. j |||“||||||||||| IHIIII|II]|

Y

eDefined for the Far Field Region / ) .
It is drawn as: N il

eField patterns : Normalized | E|

*Or Power patterns: Normalized power |E|? vs. spherical

coordinate position.

( normalized with respect to their maximum value).

- __:‘-—--
g ‘-—-.__

Electric Field, f(6,®)




Fundamental < > s of Antennas

Radiation Pattern

Components in the Amplitude Pattern

e Therewould be, the electric-field components ( Eg, Eyp) at |
each observation point on the surface of a sphere of constant radius.

* In the far field, the radial E;, component for all antennas is zero or van-
ishingly small.

* Some antennas, depending on their geometry and also observation dis-
tance, may have only one, or twocomponents.

* Ingeneral, the magnitude of the total electric field would be |E| = \/ |Egl? + I|Ep|?



MWain kb

"The radiation lobe  Fiexd
containing the

direction of P i Eﬁmm
maximum radiation” . H || .I A \
e A
lobe ‘Iﬂqwllu - Fieicn |

i o diracticn

'‘Represent
radiation in
undesired
direction’

‘A radiation lobe whose axis makes an angle of approximately
180° with respect to the beam of an antenna’



Fundamental s of Antennas

Radiation Patterns

Isotropic Omni-directional directional

Isotropic Radiator : “A hypothetical lossless antenna having equal radiation in all directions”.

Omni-directional: “Having an essentially non-directional pattern in a given plane and a directional pattern
in any orthogonal plane”.

Directional Radiator : “Radiate or receive electromagnetic waves more effectively in some directions than
in others”.



Fundamental

Radiation Pattern

Principal Plane Patterns

® Any field pattern can be presented in three-
dimensional spherical coordinates ,or by plane
cuts through the main lobe axis. Two such cuts at
right angles, called the principal plane patterns
(as in the xz and yz planes) may be required but If
the pattern is symmetrical around the z axis, one
cut is sufficient.

e Azimuth Plane: f(r/2,®)
 Elevation Plane:f(6,Constant)

 Eplane & H plane

Radiation pattern
U=sin’9

Dipole antenna

- S S g S —

Figure 4.3 Three-dimensional radiation pattern of infinitesimal dipole.



Radiation Pattern

Principal Plane Patterns

= E-plane pattern: The plan containing the
electric-field vector and the direction of
maximum radiation. |

= H-plane pattern: The plane containing the
magnetic vector and the direction of maximum
radiation

E-field

H-field '
I-Plane
E-Plane

X




For Infinitesimal Dipole

Fundamental

Radiation Pattern

kol |* 2 sint @

A
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Example 1

Draw radiation pattern for
infinitesimal dipole directed
along z axis in xy Plane [H-plane]
and xz plane[E plane]

= = 2 (H9Y o = Zigu0. 00
— g gy = | — ST = —|Eglr, ¥, -
rt W =S| i1 o !

n
Umax=5( ‘

=5in0

max

Radiation pattern U/U

|||||

Dipole antenna._ 1

*To Draw at X-Y plane (0=m/2 . ¢=0-2 1)
Radiation pattern=sin?(m/2 )=1 for all @ values.

Field pattern sin&
*To draw at X-Z plane (¢=0, 6=0-n then ¢=180, 6=0-m)
0 15 30 45 60 75 90
By calculator(mode rad): 0 0258 05 07 0866 096 1 Q@’
Mode/table/sin(x)/start 0=/ .
End rt=/step 151/180= 105 120 135 150 165 180 PB50:
0.96 0.866 0.7 0.5 0.258 O FNBW=180°




Hfss/dipole

rETotallmY]

9,
. 7023e+003
.1230e+003
.5437e+003
. 9644e+003
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| total E(phi) at theta=90
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total E (theta) at phi=0
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90

-120 120
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Fundamental s of Antennas

Radiation Pattern

HPBW is the angle between two directions having radiation
intensity equal to one half of the beam maximum (measured at
plane contains beam maximum)

FIELD

Ey(0)

POWER

Pty = l-:ﬁun

FNBW is the angle separated between first nulls in the
patterns.

Power Pattem

Field Pattemn :
(linear scale)

(linear scale)

\

\

\
0.707

HPBW = Half Power Beam Width
FNBW = First Null Beam Width

Same HPBW and FNBW values for both patterns

(a) Field pattern (in linear scale) (b) Power pattern (in linear scale)



Fundamental

Example 2

An antenna has a field pattern given by E(@)=cos* 8 for 0<8<90°
Find the half-power beamwidth (HPBW)

Solution

E@)=1 =00329m
2 =0

max
1

E(0) =—==cos’ 9h

V2
0 =32.7651° E(9) = cos” 6
h

ax

|HPBW = 20 = 65.53°|




Example 2.4
The normalized radiation intensity of an antenna is represented by
U(#) = cos>(f)cos>(38), (0=6<=90°, 0° <¢ <360°)

The three- and two-dimensional plots of this, plotted in a linear scale, are shown in
Figure 2.11. Find the

a. half-power beamwidth HPBW (in radians and degrees)
b. first-null beamwidth FNBW (in radians and degrees)

Example 3

Cosf), .Cos36, =V.5

Maxat 6=0,180 ¢ (Cos46,, + Cos26,, )=.707

Nulls at

6=30,90,150 1) ( 2(:05229}1 -1+ COSZBh ): 707
LET Cos26, =X solve equation THEN X=.876 so Cos26,, =.876
20, =28.74°

HPBW= 28.74°=.5 radians

Same for nulls .5 ( 2Cos?26 -1+ Cos26,)=0
Cos?26, -.5+ .5Cos26, =0 solve 26 =60° or 180° take the
smallest for first null. FNBW= 60°=m/3 radians



0, = 14.37

Field Radiation Patternif 0 < 0 < 180°
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Spherical coordinates
Infinitesimal area on a sphere of radius r

dA is greatest
at the equator

dA = (rdO)(rsinOdg) = r” sin Gd@d ¢ = r*dQQ
dQ) solid angle expressed in steradians (sr)




Fundamental F

Elevation plane

lobe -

-

Minor lobes <— %

Azimuth plane

Figure 2.1 Coordinate system for antenna analysis.

_____HI'A =||l-25i]’]i':'ll'.l"lf':‘| {ﬁﬂ- T -O -

rs of Antennas

Integrating dA gives sphere area

27| 7w

[r?sin6 d6 |dp = 4m?

OQ_..

0<9p<2rx




Fundamental s of Antennas

Plane angle and Solid Angle

r

- "' o /N
— 7

"9
f=1/r sadian

O

df2 « dASr steradian

In two dimensions, the angle in radians is related to the

arc length it cuts out; _inthree dimensions, the solid angle in steradians is relatec
area it cuts out:
[
= — S
T ﬂ == =
where re

wihere
Sis the surface area ofthe spherical cap, 2Trh, and
ris the radius ofthe sphere.

ris arc length, and
ris the radius of the circle.

One steradian(square radians) defined as solid angle with
Its vertex at center of sphere of radius r
And subtend by spherical surface area
Equal to r?
-Number of steradian in sphere=4m
-since dA=r? sine. de. d¢
so dfN=dA/r?>=sine.de. d¢

One radian defined as plane angle with
Its vertex at center of circle of radius r
And subtend an arc whose lengthisr




Plane angle and Solid Angle

M O

8 =1/r radian

de2 « dA/r steradian

0Q=dA/r’=sin0dod?
Q1= fozn f:sianBdQ)

=21[—cos0] ;=4 T



Fundamental < > s of Antennas

Solid angle
in | steradian = 32830
in sphere = 41,2530

4n = solid angle subtended by a sphere, sr.

2
1 steradian = 1 sr =1rad" _(@J (deg”) = 3282.8064 square degrees

T

47 steradians= 3282.8064 x4 =41,252.96 squaredegrees =41,252.96 -

= solid angle in a sphere



Example 4

For a sphere of radius r, find the solid angle Q,

(in square radians/steradians) of a spherical

cap on the surface of the sphere over the

north-pole region defined by spherical angles of
0<0<30% 0<¢<360°

SOLUTION:

3607 307 2z /6 /6

Q,= [ [da= [ [sin0dods= jd¢jsm0d9

0 0 0O 0
7l6

=2 |- cos&] =27 [-0.867 +1]
Q, =27(0.133)=0.83566 sterads




Fundamental

s of Antennas
Example 5

Find the number of square degrees in the solid angle on a spherical surface that is between 6 = 20°and 6 = 40° and

between @ = 30°and @ = 70°.

Si

$=70° 6=40°
dQ=sintdtigp Q= [ [sinGd6ds

$=30° 6=20°

T
Q= (élég [— cos 6’];30 =0.12122 (steradians)

6

2
180
Q2 =O.12122x(—] = 39797 square degrees () = 20° % 20°

T = 400

30°




Beam solid Angle(or Beam Area):

The beam area A is the solid angle through which all of the power radiated by the antenna would
stream if P(6, ®) maintained its maximum value over A and was zero elsewhere(one main lobe). The
beam area of an antenna can often be described approximate in terms of the angles subtended by the
half-power points of the main lobe in the two principal planes. So For antennas with one narrow major

lobe and very negligible minor lobes, the beam solid angle is approximately equal to the product of the
half-power beam widths in two perpendicular planes

Beam Area =), = 0,,¢,| (sr)

Where OHP and @QHP are the half-power beamwidths (HPBW) in the two principle planes, minor lobes
being neglected.

¢=2mr O=r
The beam area or beam solid angle =€) , = I J P (0, $)sinfdOd $

$=0 6=0

(sr) where dQ=sin@6d¢

‘QA = JJ Pn (6?_, gﬁ)dQ




Example 6

Example 2.7

The radiation intensity of the major lobe of many antennas can be adequately represented by
U = Bycos#
where Bj is the maximum radiation intensity. The radiation intensity exists only in the upper
hemisphere (0 <0 <= /2,0 < ¢ < 2m). and it is shown in Figure 2.15.
Find the
a. beam solid angle; exact and approximate.

- a2 = — -

of Antennas

The half-power point of the pattern occurs at & = 60°. Thus the beamwidth in
the 6 direction is 120° or :
/8

3

le: 92_r —

a. Beam solid angle Q24:

First null occurred at 90 max at 0 ,for beam solid angle 6

Exact: Using (2-24), (ZV Changes from 0 to 90 and ¢ 0-360 to cover 3D beam angle

360°  p90° 2r  pr/2
QA:[ f costQ:f f cos@sinf db d¢
0 0 o Jo

2w /2
= f dcp[ cos B sinf db
0 0

w/2 /2
=2n f cos@sinfdd =n f sin(20) d6 = m steradians
0 0

Approximate: Using (2-26a)

9 9 27\ 2
2n [ 2n 2
Qp ~ O,0, = = (T) = ( ) = 4.386 steradians

Dexact=4
Dapprox=2.86



