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ECE 350 Lecture Notes

27. Radiation Field Approximations

The vector potential due to a source J(r), can be calculated from the

equation
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where V is the volume occupled by J(r).
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When |r| > |r'|, then |[r —r'| = r — ' - 7. Equation (1) becomes
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In the above we have assumed that |¢' - 7| < r but Sr’- 7 is not small, since (3

can be large. When fr is large, ﬁ is a slowly varying function compared

£(6,¢) ,¢)

to e7%". Hence, we can regard almost to be a constant compared to

e 77", The magnetic field can be derived to be
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However, % ~ —jB3 when (r is large. Hence,

H = ]5(9A¢ — $Ay), when Sr — oo. (4)



Similarly,
E= —V xH= —]u)[@Ag + ¢A¢] (5)
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Linear Array of Dipole Antennas

If J(r') is of the form

J(I‘I) = 2Il[A05(.T,) + A15(x' - dl) + A25(x' - dg)
+ oo Ano1d(2" — dy-1)]0(y)d (=), (6)
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the vector potential on the xy-plane can be derived to be
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If d, = nd, and A, = e’™¥, then (7) becomes

A(r) = YL [1 4 ef(Bdeos i) | p2i(pdcosdv) | ... | (i(N-1)(Bdcos+v)]
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which is of the form
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Therefore,
Il 1= JN(Bd cos ¢p+)
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The electric field on the zy-plane is Fy = —jwAy = +jwA,. Hence, |Ep| is of
the form
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sin & (Bd cos ¢ + 1)
= |Ep| (11)
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|sin Nz|

. Plots of |sin 3z| and |sin 2| are shown as

Equation (11) is of the form
an example.

|sin x|
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X
In equation (11), A = £(Bd cos ¢ + ). We notice that the maximum in
(11) would occur if A = nm, or if
Bdcos ¢ + ¢ = 2nm, n=0,+1,+2,+3,---. (12)
The zeros or nulls will occur at Nx = nm, or
2nm
Bdcosg+4 =",  n=:+,x2,%3,--, n#mN. (13)

For example,

Case I. ¢ = 0, 8d = m, principal maximum is at ¢ = +7 if N =5, nulls
are at ¢ = +cos™! (), or ¢ = +66.4°, +36.9°, £113.6°, +-143.1°.

> x broadside
array

Case II. ¢ = m,(3d = m, principal maximum is at ¢ = 0,7, if N = 4,
nulls are at ¢ = +cos™ ! (2 — 1), or ¢ = £120°,+90°, £60°.
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The interference effects between the different antenna elements of a linear
array focus the power in a given direction. We can use linear array to increase
the directivity of antennas.

Note that equation (7) can also be derived by other means. We know
that the vector potential due to one dipole is

Il e—3BIr—r’|
A= 2”—7, (14)
A7 |r — 1/
when the dipole is located at r' and pointing in the Z-direction. Hence
for an array of dipoles of different phases and amplitudes, located at x =

2dy, &dy, Tds, - - - ,dN_1, the vector potential by linear superposition is
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If we approximate |r — &d,| by r — 7 - #dy = r — dy cos ¢, in the phase, and
by r in the denominator, then (15) becomes
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which is the same as equation (7). The interference between the terms in
(16) can be used to generate different radiation patterns for different com-
munication applications.



