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4[ 1- Remember (array of 2 point sources) }




( Remember (array of 2 point sources) ]
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Non isotropic point sources but similar

Pattern Multiplication
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4[ 2- Array of N-isotropic point Sources }




Why antenna Array

1-Usually gain of single element is
low, thus array is used for increasing
gain for long distance
communication

If /2 dipole is reference

1.e. its Gain considered to be=0dB
(“note that A/2 dipole has D=2dB”

then

2 element array increase gain by
3dB( double gain 2 time)

4 element array increase gain by
6dB( double gain 4 time)

8 element array could increase gain
by 9dB( double gain 8time)

2-Beam steering
by changing progressive phase
3-Nulling interference directions
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Broad side array B=0



An array is said to be
linear if the individual
elements of the array
are spaced equally
along a line and
uniform if the same are
fed with currents of
equal amplitude and
having a uniform phase
shift along the line
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The total resultant field at the distant point P is obtained by adding the fields due
to n individual sources vectorically. Hence we can write,

Er = Eo-ew+Eﬂcj"'+Eﬂezh’+...+E0e““““"

Er=E[l+e¥+e¥s . +el-1Y v (1)
v = kd cos@ + p.
o AF=1+4+e/ +eiv +eiv +,, . +eiN-Dy 4

e AF. e = el +el?v 43 +.,...+e IN-Dyt o Ny (2)
* Subtract (1) from (2) AF(e# -1)=(-1+e™)
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If the reference point is the physical center of the array

_ sin (%w]
sin ;)
As the maximum value is N, when normalized,
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Nulls , Maxima and Half power points
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Zatoona for Nulls , Maxima and Hp
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It is required to study (AF)_

Sin —{1;:)
{fﬁ‘f:‘}u — L = 5
N s1N (L_"l,.ff)

Nulls
v
N—=zxnn , m=1,223,. #0, N,2N.....
2
Maximum
v .
—=+mn , m =0,1,2,.... (0 for main lobe )
2
Grating lobe condition (at m=1,2,3,...)
3-dB point
N il =1.39
2
Secondary Maximum for minor lobes
2s + 1
N-“J-:- m , s=1,2,3,...
2 2

Maximum of first minor lobe occurred at Ny /2=3m/2



End fire — Broad side
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Broadside Arrays
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* The radiation pattern of broadside array is perpendicular to the line of array axis and
bidirectional.

e The broadside array is bidirectional which radiates equally in both direction of
maximum radiation.

e The broadside array may be defined as “it is an arrangement in which the principle
direction is perpendicular to the array axis and also the plane containing the array
element.



End-fire Arrays
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Instead of having the maximum radiation normal to the axis of the arrays it may
be desirable to direct it along the axis of the array.

However, the end fire arrays is same as the broadside array but the individual
element are fed in out of phase(i.e. 0° or 180°)
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* Max occurred at w=0=k.d.cosO + [ (forAF pattem)

v

v

Broad Side Array

180°

Since il is desired to have the first maximum directed toward o = X°, then

Setting ¥ = kdcosd 4 Blear = =0
For broad side
AF pattern

End Fire Array
L]

Setting
For End Fire s
AF pattern B

—

“To direct the first maximum toward 6 = 0,

V=kdcost 4 flotr =kd + =0 = —kd

If the first maximum is desired loward fy = |80°, then
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* Nulls occurred at sin(Ny/2)=0

* Kdcosf+ B=+2nnt/N where n=1,2,3 (again n# 0 or N or 2N.......this
make (AF) =0/0 which is max condition)

* Broadside Array (sources in phase p=0)  End fire Array (p=-kd)

n A ni
9, =cos ! (+—— 8 =g {1 - —
| ( Nd) =00l (I Nd)
=23 . n=1.223,...
n#N,2N,3N,... n#N,2N,3N,...

1- because cos!(less than 1)
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* MAXIMUM

* Maximum occurred at y/2=+mn (for (AF) =0/0)
o Kdcosf+ f=t2mn where m=0,1,2,3
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* 3-dB point for AF

N . 1
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* Use Approximation sin(x)/x because it does not depend on N

Using try and error 3dB occurred at sin(x)/x=.707 i.e. x=1.39

because it is field pattern

(sin(1.93*180/r)/1.39=.7076
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* Broadside Array (sources in phase =0)
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Approximate Directivity for End fire and Broad Side
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Z.atoona for End fire & Broad Side
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For array of N Isotropic Point sources:

[

|
AF), = —
(AF), = =
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Array/parameters

Ordinary End-fire (6,=0°)

Broad-side

¥ =kdcost + Bligr =kd + f =02 f = —kd

by = 180°,

¥ =kdcost + Blocigr = —kd + f=02p=kd

Vv =kdcost + Bl = p =0

b = 90°

Nulls ( sin (nW/2)=0)
n#0, n=1, 2, ..

f, = cos™! (l -E)
Cle Nd

Maxima ( sin (¥/2)=0)

ma
8,, = cos™ (I - —)

n¥/2 =11.391

:( 1.391:-.)
B =cos™' | | =

ndN

N=0, 1, ... d d

First Null Beam-width 6. = 2cos! (I _i) a _1[1_‘:“__, (L)}
=2| Omax-91n| ... at n=1 Nd 2T \ha
Half power Points
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Where L=(N-1)d

Half Power Beam-width ] 1.3915 [rr ) ( 1.391,1)]
~ 2 cos™ - By = 2| = - cos
=2| Bmax- 6h | e (l .-mrr.r) St R W7
Directivity (if L>>d) 4N 2N




Examples




1. Design a four —element ordinary end fire array with the elements
placed along the Z-axis a distance d apart with the maximum of the
array factor directed toward 6=0°. for a spacing of d=\/2 between the
clements find the

(a) Progressive phase excitation between the elements to
accomplish this.

(b) Angles (in degrees) where the nulls of the array factor occur.

(c) Angles (in degrees) where the maximum of the array factor
occur.

(d)Beam width (in degrees) between the first nulls of the array
factor.

(e) Directivity (in dB) of an array factor.
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Example (2)




Arrays of 10 1sotropic elements are placed along z-axis a distance
d=n4 apart. Assuming uniform distribution. Find for both broadside
and ordinary end-fire cases the following:

(a) Progressive phase (in degrees).

(b) First side lobe level beam width.

(¢) Directivity (in dB).
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~[ 4 - Array of N (non-isotropic sources) (lie on Z) ]7
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Next Lecture (7)

Chapter(4): Wire Antennas
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