Chapter 12 : Aperture Antenna

e Huygen’s Principle

e Application of Huygen’s principle
 Rectangular apertures

e Circular apertures



Aperture Antenna Example
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Huygen’s principle
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Actual problem Equivalent problem

Equivalent surface currents J,, M radiate fields E;,H, in V,
(same as actual problem)

However, J,, M, do NOT radiate fields E,,H, in V,.

Thus, actual problem and equivalent problem are equivalent
only in V, (outside V)
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Huygen’s principle (2)

Since the fields E,H radiated by J,, M, in V, are arbitrary, we
can assume they are zero.
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Equivalence principle models




Equivalent model example
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Equivalent models for magnetic source radiation near
a perfect electric conductor
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Aperture fields (E,,H,) are known.



Far-zone fields

Far-zone fields due to electric and magnetic surface currents
are given by:

— jkr )
E(?)z— ]k - ”[M (FyxF—Fxixn) (F)e™ " ds'
i | ]k e ALA A 1 = JkP-r' g 0
H(r)~ ”[J (FYXF+FxFx—M_(F)e™ds
n
Recall that: H_ bt E=npHxr
and n

A

r-r'=r'cos¢c =(x'cosg+ y'sing)sin+ z'cos
= p'cos(¢p—¢')sin @+ 7'cos b
=r'[cos(¢@ —¢@')sin @sin &'+ cosBcos ']
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Rectangular aperture positions
for
antenna system analysis
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In general, the non-zero components of J_ and M, are:

JJ. .M, M, J,J M M. JooJ .M M,
Figure (a) Figure (b) Figure (¢)




Rectangular Apertures (2)

Rectangular aperture with uniform distribution on an infinite
ground plane: find far-zone fields for z > 0.

Aperture field: E = yE, —a/2<x'<al/2;-b/2<y'<b/2

Equivalent problem for z > 0

M, =-2nxE,
=—27Zx yE,

= X2 E,, on aperture

M =J. =0 outside aperture




Rectangular Apertures (3)

The far-zone electric field can then be given by

e A
E(?)z— ]k 5 I/z jm (F)yx re™ " dy' dx’

al2d-b/2
Since MS X1 = x2EO X 7

121 (—¢? cosfcosg— 0sin )

a1k r'=(x'cos@+ y'sin ¢)sin @ (for z'=0)
E(F) = U A} 2E, (¢ cos B cos @+ Osin @) j I e’ " dy' dx’
I A r —al2d-b/2 Y
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Rectangular Apertures (4)

Since
b2
e

J'a/z jb/z ejkf-?'dyvdxv:ja/zejkx'siné’cosgbdxvj

Jjky'sin @sin ¢ '
dy
—al2Jd-b/2 —al?

b/2
= absinc(l%a sin @ cos ¢jsinc(k—2b sin @ sin ¢j

The far-zone fields are given by

. — jkr
E(r)= il 2E0absinc£@ sin & cos ¢jsinc(@ sin @sin ¢j
4 r D D
X (¢?cos<9c:08¢+ 0 sin )
. — jkr
H(r)= il 2E0absinc(@ sin & cos ¢jsinc(@ sin @ sin ¢j
4 nr 2 0

x (=6 cos @ cos @ + g sin @)
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Radiation Pattern

Relative
magnitude
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Radiation Pattern (3)

In many applications, only principle plane patterns are usually

sufficient.
k — jkr . kb | |
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E-plane and H-plane

ca T N b 20 amplitude pattern for
LY e | uniform distribution
= ~ 1s0° aperture mounted on an
. W infinite ground plane
i (a=34, b=2A)

— — — — H-plane
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Beamwidth

For the E-plane, maximum at 6=0.

kb

Nulls occur when  —qin Al n] =2
§ nl 2
thus 6, =sin
: L5 nl
Beamwidth between nulls  ©®, =2sin b = | 2484

N
FNBW: O, ., =2sIn 1Z

Half-power angles:

,,0.4434

sinc’(x)=1/2=x=1.391 mm) 6, =sin
,0.4434
b

HPBW: Oz, =28sIn
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Directivity

The radiated power can be obtained from the power into the
aperture. For uniform distribution, the Poynting vector 1s given

by
1 . i
W ZERG(EXH )=2|EOI —al2<x'<al2-b/2<y'<b/2
4
2 2
N P :IWW -ds=j 12 ¢bi2 | E | dy'dX':lEOI 11
g ~ar2d-br2 2p 21

Recall that D(6,9) = 4rU (0, 9) Y
’ P

rad

U(6.9) =%<\E@\2 +[E,[)
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Directivity (2)

The maximum radiation intensity 1s given by

k2|E bV |E,|
ARG i @ju

2084zt 2n
thus 1 4
mll| L AU :472_(6119J 1 1 4722 gl 722Ap
/Ay Alillab) | A A

where A, 1s the physical aperture (=ab).

Recall that the maximum effective aperture 1s given by

A ‘:’D - A,

em

The aperture efficiency €4 = =1
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TABLE 12.1 Equivalents, Fields, Beamwidths, Side Lobe Levels, and Directivities of Rectangular Apertures

Uniform Distribution Aperture
on Ground Plane

Uniform Distribution Aperture
in Free-Space

TEy-Mode Distribution Aperture
on Ground Plane

Aperture distribution of
tangential components
(analytical)

-af2<x' <a/f?

E, =4
| %UI—MZEfsbﬁ

E,=4,E -af2<x <a/?
. Eo
h==0— | <y <2

n

E, = 4,Ejcos (-.\"
' a

0 ) —af2 <x'<af

Aperture distribution of
tangential components
(graphical)

“2ixE, |-a/2<x' <a)? M, =-ixE, —-aj2<x' a2 -2ixE, |-a/2<x' <a)2
: M, = =b/2 <y <b)2 ol 4 ad 5 M= b2y <b)2
Equivalent elsewhere J=axH, | -b2=y <b/z 0 elsewhere
Jy= 0 everywhere M,~J,~0 elsewhere =10 everywhere
Far-zone fields E,=H =0 E,=H =( E.=H =0
; inX sinY C sin X sinY . 08X sinY
X=ﬂsin9cos¢ E,,=Csin¢ﬂ—-ﬂ-— E!.‘=—sian;(l+cosf5‘]ﬂ---:gL Euz—ECsmgb < 5 m‘
2 X Y 2 X X 2 s [T\ ¥
wr-(3)
kb sinX sin¥Y ¢ sin X sinY T cosX  sinY
Y:TSinBsingb E¢=Cc059cos¢—-—)-{—s—]7— E¢=5cos¢(l+cos8}—x~—y— E‘°:_ECCOSHCOS¢ — 1y
- (3)
& _abkEge™ " Hy = =Ey/y Hy = —Ey /i SR
= J—-—'—‘ p—
2nr Hy = Eof Hy = Eufn Hy=Eall




Half-power hoglg @ 59-9 ﬁ
beamwidth gk i ol ok
(degrees) H-plane 50.6 50.6 08.8

ah a/l a/k afi
First null £t ﬂ —l-liE ]—l:l—fn]
beamwidih L b biA b/A
(degrees) H-plane 1146 1146 1719

A a/h afh afh
First side lobe E-plane -13.26 -13.26 -13.26
max. (to main
) 05) 1326 ~1326 L

e ayh iy Y

4 b 4 b § b L

Directivity Dy %(area) =4n (% -}:Zi(arca) =4n (E;) ) [-ln (“—,)] =8 [41! (;{—:H
(dimensionless) t ‘




Quiz

7 A uniform plane wave traveling in the
Lo, o direction as shown. The field 1s given
by
’y tal2 z TE case:E' = )AzEOe_]’g"j z<0

> . ahi
Jar2 TM case:H' = H e z<0
(a) Find the propagation direction.
& (b) Find the aperture field.

(¢) Find the equivalent current.

Assume that the aperture dimension in the
y direction 1s b.




Circular Apertures

Circular aperture with uniform distribution on an infinite
ground plane: find far-zone fields for z > 0.

Aperture field: E =VE, p'<a

. S Equivalent problem for z > 0

o M =-2ixE,
[
v p’\bvyff i: = _22 X yEO
’ s ~ {t 18 '
I: dp'—*—A *p'ifﬁ}\? e szO p S a
|

@ M =J. =0 outside aperture
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Circular Apertures (2)

The far-zone electric field can then be given by
Jkr

]k e a [p2% = A Jkrr' ' '
I jo i M (r')xre”™" p'de'dp

E(r)~-
Since M, x7r=X2E,xr
121 (—pcos O cos ¢ — Osin @)
and 7-r'=(x'cosg+ y'sing)sin 8 (z'=0)
= p'sin@cos(g—¢'")
. — jkr b A a ol | LS
yie 2E, (¢ cos B cos @+ 0 sin ¢)I .[2 e’ p'dg'dp
4730 i i

E(r)=~

2 I



Circular Apertures (3)

SR AT B
|~ e D ag =27 (kp'sin )

and

[} 2(2)dz = 21, (2}, = ()

the far-zone fields can be found to be

]kazE elvil M (kasin @) , -
r ka sin &

E(r)= (¢cosé’cos¢+6’sm¢)

jka’Ee™™" J,(kasin 6)

nr kasin &6
Y OEEEES— O S—

H(r) =

(— Hcosﬁcos¢+¢sm¢)
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TABLE 12.2 Equivalents, Fields, Beamwidths, Side Lobe Levels, and Directivities of Circular Apertures

Uniform Distribution Aperture
on Ground Plane

TE,,-Mode Distribution Aperture
on Ground Plane

Aperture distribution of
tangential components
(analytical)

E,=4,E o <a

"<
E, =ﬁpEp+ﬁ¢E(p i
o | Xy = 1841
E, = Egli{x;, 0 [a)sing'/p ;
i t f ! i ¢
Ey = EoJy (x,0'[a) cos ¢ =a_p'

Aperture distribution of
tangential components
(graphical)

2ixE, p' <ua ~2ixE, p'<ua
; I\’l_, = : NIJ =
Equivalent 0 elsewhere 0 elsewhere
J= 3 everywhere Jo= 0 everywhere
Far-zone fields By ='Hr =0 E. =H =0
h(Z . Nz
Z =kasinf E, = jC sintﬁ%) Ef;=C351n¢+(Z—)
ka® Ege™ N(Z) 1'(2)
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kaEyd (e
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;
x, = 1841 Hy = Eg/n Hy = Eofy

W(Z)=IZ) = W2 Z




