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Superposition Principle

Maxwell's Equations are Linear:
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Superposition Applied to Antenna Arrays

Fields radiated by single element at the origin with applied current Iy:
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Fields radiated by entire array:
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Far Field Approximation (Fraunhofer Zone)

If r and r — r,, are almost parallel lines:
r—rp~r—|rp| cosff
Assume |r,| < |r]:
[r — rp| = |r| for demoninator terms

—jk |r —ry| & —jk |r| + jk |rn| cos 6

e_jkM - eik|r|cos€
Ex~ Eg Z / ”
o2
~——— =

Element Factor Array Factor
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Distance to Far Field: Fresnel Numbers
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. Transition from Near Field to Far Field Fresnel Number:
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L = Array length

A = wavelength

Poynting Flux [W/m?]
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AMISR: L=32m A=067m Lz/)\:1.5km
Arecibo: L=305m A=070m [?/\=133km
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1-D Linear Phased Array

Irn| = nd I, = &
Array Factor:
N—1
F — Z ejnaejknd cos 6
n=0
1

_ ejNa+ijd cos 0

1 — e/atjkd coso
M(kdcos@—i—oz) sin [% (kd cosf + a)]
sin [2 (kd cos§ + )]
F2 = sin? [¥ (kd cos 0 + )]
sin? [3 (kd cos 0 + )]
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1-D Linear Phased Array Cont.

P = sin? [ 5 (kd cos 6 + @)]
~sin 2% (kd cosf + )]
6p=90.0
) J\ j\ J\ J\ ./\ 4[\ k
O Ten Ten -am -an _om 2n an 61 e
kdcos6
) AA
% 30 60 90 120 150 180
Peak appears when kd cosf = —a — a = —kd cos 6

Additional peaks could appear when kd cos = —a + 2wm (Grating Lobes)
Visible Region: 0 < 8 < m — —kd < kd cosf < kd
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Multi-Dimensional Arrays

_jk |r - rn| ~ _jk |r| +jk(F' rn)

e—Jklrl NZ1 K(Prn)
E~ E [, e/
0 |r| Z n
\ , n=0

Element Factor Array Factor

In spherical coordinates:
Ferpn=xpcos¢sinf + y,sin¢sinf + z,cos
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2-D Rectangular Array

Frm = NdxX + mdy? Inm = ej(na-i—mﬁ)

Array Factor:

2
Ny—1Ny—1

| (0 ¢ Z Z ej (nkdx cos ¢ sin 0+na+mkd, sin ¢ sin 6+mp3)
n=0 m=0
) Ny . .
_sin? [ (kdy cos ¢sin 6 + a)] SN [_ (kdy sin ¢sin 6 +5)}
 sin? 3 (kdy cos ¢sinf + )] sin? [1 (kd) sin ¢sin6 + 3)]
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2-D Rectangular Array
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Ground Planes: Method of Images

Antenna above conducting ground plane

4.03.53.02.52.01.51.00.50.0
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F— Ioejkhcose _ Ioe—jkhcose
= 2jly sin (kh cos 0)
|F|? = 4|lo|? sin® (kh cos 6)

When h=3 — kh=1%
|FI? = 4]lo|? sin? (g cosH)

Peaks at §# = 0 (upwards).
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Hexagonal Spacing

Hexagon Honeycomb Rectangular Array
One AMISR panel:
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Sibelobe Patterns for Squares vs Hexagons
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Introduction to Phased Array Summary

]
]
]
*]
*]

Phased arrays work due to the superposition principle

Focusing is achieved in the far field

Gain pattern is dominated by the array factor

Gain pattern typically has a main lobe and many smaller side lobes

Side lobe pattern depends on the shape of the array (rectangular vs
“circular™)
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