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N=4 N=7 N=10 Formula
Number of 2 5 Y i N-2
side lobes:
Null n/2, 7, 2n/7, 4n/7, 61/7, n/5, 27/5, 3w/5, 2n(1+k)/N
locations: 3n/2 8n/7, 10m/7, 4n/s, T, 61/, Tr/S, | k=0,1, ...
127/7 8m/5, 91t/5
Side lobe /2 2n/7 /s 2n/N
width:
Main lobe s 47n/7 2n/5 41t/N
width:

As N gets larger, the array occupies more area in the space. Due to Fourier Transform relation
between the radiation and the current distribution, this gives rise to narrowing of the main
lobe with the increase in the magnitude. In the limit case, AF reduces to periodic impulses
with respect to ¥.
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d) .
For any visible region, theta takes values from z to 0. Therefore, location of the main lobes:

For & =0, at0=m2; independent of d.
For & =m/2, at®=2n/3 ford=0.5L
at0=10.58x ford = 1.0%
at 0 =0.55z ford = 1.5A R s
For o =m, at0=mn(smaller end of the visible region) for d = 0.5
at 0 =2n/3 ford=1.01
atB=0.6lx ford=1.50

In general, & shifts the visible region, while d controls the width.

e)
Ifo= —kdcos®o

N = kd cos 0 kd cos 6, = kd (cos @ —cos b, )
and the main lobe occurs at 8 = 8, (at = 0). Visible region is
—kd — kd cos 0, <Y < kd — kd cos 0.

The right-side grating lobe occurs at W= 21, but it should not be in the visible region:
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The left-side grating lobe occurs at¥ = -2, but it should not be in the visible region:

—kd —kd cos @, =2 2w — kd + kd cos 6, <27
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Note that these figures (x axis is theta/m now) are some reversed (also shifted) versions of the
corresponding visible AFs in the previous figure. .




(a)
(b)
()
Normalized Element Normalized |AF| Normalized Array
Radiation = sin’0 Radiation = |AF|’ sin’0

a) Broadside array configuration increases the directivity of single element.

b) Although the grating lobes are very significant in the array factor, they add very small side
lobes in the total radiation.

¢) End-fire array configuration splits the main lobe into two lobes, which is not desired in the
antenna designs.

d)
A= kd cos @+ 3, — main lobe: Y=0

— [, =—kd cos 8

main lobe
kd V4
ife =60°P>f3 =——=—
main lobe 180 2 2
. kd w
ifo . =120 8 =2 _Z
main lobe ﬂn 2 2

It should be noted that this analysis ignores the small shift due to element radiation. It can be
observed that the main lobes are a little shifted from the desired angles (60° and 120°). A
more accurate anaysis can be done by optimizing the total radiation instead of the array
factor, but the array factor analysis is still very good since it is the dominating function in
terms of the oscillation.
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Normalized Element
Radiation = sin’0

Normalized |AF|

Normalized Array
Radiation = |AF|® sin’0




