The magnitude of the resultant field at point P is given by,

[Er] = |E;[ 1+ kcosy +jksiny]|

[Er] = E, \/(1 +kcosy)? +(ksiny)? e (4)

The phase angle between two fields at the far point P is given by,

-1 ksiny

0=t i
o 1 +kcosw +e ()

n Element Uniform Linear Arrays

At higher frequencies, for point to point communications it is necessary to have a
pattern with single beam radiation. Such highly directive single beam pattern can be
obtained by increasing the point sources in the arrow from 2 to n say. An array of n
elements is said to be linear array if all the individual elements are spaced equally along
a line. An array is said to be uniform array if the elements in the array are fed with
currents with equal magnitudes and with uniform progressive phase shift along the line.
Consider a general n element linear and uniform array with all the individual elements
spaced equally at distance d from each other and all elements are fed with currents
equal in magnitude and uniform progressive phase shift along line as shown in the Fig.
9.

P
y ® Distant point

P L, WL LI LI P,

Fig. 9 Uniform, linear array of n elements

The total resultant field at the distant point P is obtained by adding the fields due to n
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individual sources vectorically. Hence we can write,

Er = Ey-e® + Epe + Ege 4+ ... + Egel =DV

Er=E[1+eV+el¥4  +elln-Ny (1)

Note that v= (RBdcosv + «) indicates the total phase difference of the fields from adjacent
sources calculated at point P. Similarly « is the progressive phase shift between two adjacent

point sources. The value of o may lie between 00 and 1800. If o = 0O we get n element uniform
linear broadside array. If o = 1800 we get n element uniform linear endfire array.
Multiplying equation (1) by er, we get,
Ere¥ = E‘)[ej"+e'2"+e’3"+...+ej""] w.(2)
Subtracting equation (2) from (1), we get,
Er~Ere¥=E{1+e¥+d2¥+ ..+ DY [+?¥+ .. +d"Y}
Er(1-eM) =E (1-e!™)

— eV
E: =Eu[1 e ] . (3)

1-¢lv

Simply mathematically, we get

According to trigonometric identity,
e M- = _ 2 sin9,|

The resultant field is given by,

e
[ ~jasin }c'%v'
Ey = Eg|- e
( v
] —jZSin-—- b-';
X g
[ R
Br = By |—2 [¢'\ T @
smiJ

This equation (4) indicates the resultant field due to n element array at
distant point P. The magnitude of the resultant field is given by,
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The phase angle 6 of the resultant field at point P is given by,

2

“

Bzu\V:gl%-ll Bdcos¢ +a . ... (6)

Array of n elements with Equal Spacing and Currents Equal in Magnitude and Phase °

Broadside Array

Consider 'n' number of identical radiators carries currents which are equal in magnitude and in
phase. The identical radiators are equispaced. Hence the maximum radiation occurs in the
directions normal to the line of array. Hence such an array is known as Uniform broadside array.

Consider a broadside array with n identical radiators as shown in the Fig. 10.

Fig 10 Array of n elements with Equal Spacing
The electric field produced at point P due to an element Ag is given by,

: 2 ,
E, = IdLsin® [j!}_.] e 1Pro o (1)

4w, Ty

As the distance of separation d between any two array elements is very small as
compared to the radial distances of point P from Ag, A1, ...An-1, We can assume ro,

ri, ...'n-1 are approximately same.

Now the electric field produced at point P due to an element A1 will differ in phase

as rg and r1 are not actually same. Hence the electric field due to Aj is given by,
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sinn—
2
... (5)

Exactly on the similar lines we can write the electric field produced at point P due to

an element A as,

E, = M 'ﬁ c‘””!
= 4 tog, Ty

E, = ldL_:ﬂne. I-P_z. e"”(rl"d‘:‘”‘) Eo% |’2 = t‘I —d C05¢
> 4 o, n

B m IdLsin® Pi ey ifry eiMCU&O
> -+ TE I
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But the term inside the bracket represent E1

From equation (2), substituting the value of E1, we get,

[E‘, etbdmuo’] lidcosé

m
¥)
]

m
-
]

E, - ePhdcost e (3)

Similarly, the electric field produced at point P due to element A,.1 is given by,

E,, = Eg-eln-)iidcost - (4)

n-l
The total electric field at point P is given by,
Ey
E;

Eo + El + E2 +....+En_)

Ey + Eg elfdcon L E eitbdcost L gi(n-1)Bdcose

]

Let Bdcosv = v, then rewriting above equation,

Ey
Er

I

E, +EgelY +Eg e + .+ E, ellm v

E, [1 +elv +el2¥4 4 e’("")"] o (5)

Consider a series given

bys:1+r+r2+ ..... +

n-1
" where r = e’

. (i)
Multiplying both the sides of the equation (i)
2 n
byr,s.r=r+r +...+r
Subtracting equation (ii) from (i), we 0
. (ii
get. s(1-r) = 1"
o Y
§ = o . (iii)

Using equation (iii), equation (5) can be modified as,
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- (6)

It

From the trigonometric identities,
e !’ = cos0-jsin0

e = cosB+jsin®

and e /% -el® = ~j2sin@
Equation (6) can be written as,

em’}[—j ZSiH(-n—;-H

~

E
Eo e '% [— j?-.sin[l‘-ﬁﬂ

-

T
7 e

The exponential term in equation (7) represents the phase shift. Now considering

magnitudes of the electric fields, we can write,

‘ sin 9-2
o = . (8)

mf"l

|E
| smg.
Properties of Broadside Array
1. Major lobe

In case of broadside array, the field is maximum in the direction normal to the

axis of the array. Thus the condition for the maximum field at point P is given by,

v =0 ie Pdcosy¢ = 0 «.(9)
ie. cosé¢ = 0
ie. ¢ =90° or 270° -..(10)

Thusv = 900 and 2700 are called directions of principle maxima.
2. Magnitude of major lobe
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The maximum radiation occurs when v=0. Hence we can write,

—d-[smnw—]
| Major lobe| = —E-l = lim «di.—z—
0 y —0 i[sinl}
dy 2
v v
‘ [cosn-z-kn-i“
= llmﬁ e 3
=0 .
2ol (%) 3) |
| Major lobe| = n ...(11)

where, n is the number of elements in the array.

Thus from equation (10) and (11) it is clear that, all the field components add

up together to give total field which is ‘n’ times the individual field when v =

90° and 270°.

. Nulls

The ratio of total electric field to an individual electric field is given by,

.

sinn—

Ey | _ 2
Eq W
sSin =

-—

Equating ratio of magnitudes of the fields to zero,

_—
ET smn 7

Eo

The condition of minima is given by,

i - W ; ;
sinn = 0; but sm%*o (12

Hence we can write,

: W e
smn2 0

i.e. n—qzi = sin"(O) =+tmu,wherem=1,2, 3, ...

Now y = Bdcosé = z}:—t(d)coscb
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¢min

af , mh
cos [: nd] wesl 1)

where, n= number of elements in the array d=

spacing between elements in meter
A= wavelength in meter
m= constant=1, 2, 3....
Thus equation (13) gives direction of nulls

. Side Lobes Maxima

The directions of the subsidary maxima or side lobes maxima can be obtained
if in equation (8),

sin(n!) = %1

3x .5 ,7n
e ...(14)

Hence sin(nv/2), is not considered. Because if nuv/2=n/2 then sin nv/2 =1
which is the direction of principle maxima.

Hence we can skip sin nv/2 = +1/2 value Thus, we get

yo= 12. is—n, tﬁ, ............
n n n
2n
Now v = PBdcosd = = dcosd

Now equation for v can be written as,

‘)‘ i ]
;—1dcos¢ = :téE, 1-55, tb, ............
A n n n
T
cosp = Lli(hm+l)nJ where m=1, 2, 3,........
2
s cos-! i'ik(2m+1) ;
L 7nd ...(15)

The equation (15) represents directions of subsidary maxima or side lobes maxima.
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