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Aperture antennas

* Far Fields of aperture antenna
® Step I:
* Establish the EM fields specified on the aperture surface
* Step 2:
® Calculate the 2-D FT of the aperture fields
* Step 3:

® Find the far field electric fields from equations (24.1) and
(24.2),

® Far field magnetic fields can be found from the electric field (if
FXE ff
n

required) from ﬁ ff =
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Aperture antennas

e Radiation from Uniform rectangular aperture

f

A Lx
° E’azany=<E0y: |X| |y| Z_O

0, otherWLse

\
* Hence, from equations (24.1) and (24.2), we have,

(=JBT) [, ~
* Efpo = ZJBZ,T; [(Eqysing) |

_jBeiBT
and Efrg = 2 o [(ancosé?cosqb)]
® Why this factor of 27

X

Fig. Uniform rectangular aperture (uniform

amplitude and phase of the aperture field)
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Aperture antennas
e Let us find the 2 — D FT of the aperture field,

Ly Ix . Iy /
o gy = f_zL_y 1 Eo eUBxX'+IByy") dx' dy’
2 2

Ly Ly
2 2
=E, | eUBx)gy’ f eUByY')dy’
_Ly Ly
2 2
(/L Ly )
{e(j'gxllzx) — e(_j'BxLZx)}< e(J'ByTy> — e<_]'8y7y> ,
— E() : :
J B \ By )
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Aperture antennas

p
~ 1 {e(j'b)xLZx) — e(_j'BxLZx)} 1 e(j'ByLTy) _ e(_jﬁyLTy) >

E,, = 4E , ,
ay O,Bx 2] ,By L 2] )
.o L ., L . L L
- bx By -t 2 b Ly )2 i Ly
x 2 y 2

. L.\ . L,
= EoLyxL,sinc (,Bx 7) sinc | By >
o where § = B,& + B9 + B,2 and
* Bx = BsinBcose, B, = Bsinbsing, f, = fcosO
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Aperture antennas

* E-plane (electric is maximum along y-axis, hence y-z plane, ¢ =
14
2
r . Ly Ly
* Eqy = EoLyL,ysinc (,8 » ) sinc (,By )
* where ,, = 0 and 8, = fsinf
L L
* Since Sinc (,Bx %x) = 1, sinc ([)’y 7") = sinc (ﬁsin@ 7") then
- ]ﬁe(_fﬁr) - )
° Efpg = 2 [(Eaysing) | =
(=jBT) L
ﬁe [EOL Lysmc (ﬁsm@ y)]

* and Efpg = Zjﬁi(n;ﬁr) |(EoycosOcosp)]| =0
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Aperture antennas

* H-plane (x-z plane, p = 0)

 E4y = EgLyLysinc ([)’x L;’“) sinc ([)’y %y)
* where §,, = fsinf and f,, = 0

 E4y = EgLyLysinc (,Bsin@ L—x)

(=JjBT)
* Errg = ﬁim [( aySl"¢)] =0

and Efrg = 21E i(niﬁr) [(ancosé?cosqb)]

B (—JBT)
e L
— P KEOLxLycosesinc (ﬁsin@ %))]

27T
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Aperture antennas

° Considering E-plane and maximum for 6 =0

—JBT)
* Efrg = Jﬁe [EOL Lysinc (,BSlnH )]
® Nulls occur at ,3 —Sin9 =nm,n=172,:--
® Thus sinf,, = nLn na
o BWFN;_piane = 2sin™ (Li) rad =
Yy

114.59sin™?1 (Li) degrees
y

* Similarly, BWF Ny _p10ne = 114.59sin~1 (Li) degrees
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Aperture antennas

. . L 1
 For HPBW, sinc? (,BSlnH 73') =~

» Bsin@ = = 1391 = sinf = 1.391-— = 2222

Ly Ly

+ HPBW; _piane = 25in™* (222 rad
y

0.4431
L

= 114.59sin™1 ( ) degrees

y
® Similarly,

o HPBWy_piane = 114.59sin™1 (222

) degrees

X

® Jtis inversely proportional to length in the corresponding

cutting plane
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Aperture antennas

* How do one calculate the directivity (for main beam in broadside
direction of the aperture)?
4 |5, Eads'|

— = 2
A? ff5a|Ea| ds’

® For uniform rectangular aperture

;
= ~ E.9, |x| <=, < —y,z =0
E, = Ey9 =1 oY, x| 2 [yl >
L0, otherwise
41tL, L
® Hence D = ;26 4

» SLL is greater than -13.26 dB (Proof is given in next slide)
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Aperture antennas

It is a sinc function, to find the maxima

£ — =0

d x2

First maxima solution: X = 0

d (sinx) __ xcosx—sinx
X

is for the main beam

Second maxima solution: X = 4.5

The value of the second maxima

sin4.5
= ‘ — 0.217

In dB,
20log(0.217) = —13.26dB
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Aperture antennas

Fig. Radiation pattern of a

uniform rectangular aperture
of dimension 51 X 54 B " -
agnitude
_7 < ﬁLxSl;l@COSQb - l;1 0.6 of field
n 0.4 -]
B L, _ pLysinBsing b
A - 2T A o
(OSHSE,OquSZn) D

BL,sinfsing
2T -5 .5

2T 2T
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Aperture antennas

e Uniform circular aperture

® E — Eoy' ,0’ =a
a 0, otherwise

o Let usfindthe2 — DFT
e of the aperture field,

¢ Ea (,er ,By)

o = [[E,(x,y)eUPX"+iByy )dx'dy’ 7~
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Aperture antennas

» Better to change to
e spherical coordinates

e x' =r'sinf'cos¢p’ and y' = r'sinf'sing’

® Since aperture is in x-y plane, we have, g' = %’ hence
e x' =r'cos¢’ and y’' = r'sing’

e We know that,

* By = Bsinfcos¢ and B, = fsinbsing

e Hence,

* Bux' + Byy’ = Br'sinBcospcose’ + pr'sinbsingsing’

= fBr'sinfcos(¢p — ¢")
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Aperture antennas

» We also know that area element in x-y plane dx'dy’ =
do'r'dr’

e Hence

o E (BsinBcose, Bsinbsing) =
foa fozn E, (r', ¢,)ejﬁrlsmecos(¢_¢,)d¢'r'dr'

* For aperture field distribution with circular symmetry (no field variation
w.r.t. "),

c E,(r',¢") = E (1)

® Then
o Ea(e, ¢) — an (fOZTL' ej,BT’SinQCOS((I)—qb’)d(pI) Ea(T,)T’dT,
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Aperture antennas

* Note that the inner integral looks like Bessel’s integral
* and gives 27 times the Bessel’s function of first kind

® and of zero order

e Hence,

o £E,(0,9) = foa 21mfo (Br'sin@)E, (r')r'dr’

* Recall that ] is like a cosine function

e but with irregular roots and amplitude taper
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Aperture antennas

¢ For uniform distribution,

° E,(r') = Ej along y direction

* E.,(0,9) = 2mE, foar'jo(ﬁr'siné?)dr’
» Using the Bessel's identity

o [x]o(x) dx = xJy (%)

* Recall that /; is like a sine function

e but with irregular roots and amplitude taper
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Aperture antennas

» Substitute fr'sinf = &,d& = fsinfdr’,
* We have,

pasin®
° ay(9 ¢) = 27TEof ﬁsmefo(f) ,BSLnQ

BasinB],(Basinb) aJ,(fasind)
o (Bsind)? 0" Bsind
* From (24.1) and (24.2), we have,

iBe (=JBT) -
- Eff9 = 2]'86;7_[; [(ansinqb)]

® Similarly, E ffo =
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Aperture antennas

e Hence,

. - j,[)’e(_jﬁr) aj,(BasinB)
Eff9 = T KEO psin6

sing) |

® Similarly, E ffo =

r
2

_ 4 |Jsg Eads'|
2% ([, Eal"as’

o F = Eoy, pr=a
a 0, otherwise

4172 2

AZ
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psinf
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Aperture antennas

The 3-dB pattern point in E-plane (¢ = % or y-z plane) is

e G )

Similarly, Eff(p = (

fasinf; = 1.6162

: 16162 1.61621  1.61621 |
Or, sinf, = = = = 0.51455

fa m2a D

Hence, HPBW;_piane = 25in~* (0.5145%) rad =
114.59sin™?! (0.5145 %) degrees

where D is diameter
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Aperture antennas

* For BWEN, the first zero or null point is
e fasinf,,; = 3.8317

* BWFNg_piane = 2sin™? (3'83171) = 2sin~?! (1'2;97/1) rad

D
1.2197A
degrees

= 114.592sin”" (
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Aperture antennas

j
® Fig. Radiation 0.8
pa‘Ftern of a 0.6 Magmitede
uniform of field
circular 0.4
aperture of B, |
a =54
(please note SLL 2 i}
is 0.1323 or -
17.56 dB) pasinfsing D
21

@ Prof. Rakhesh Singh Kshctrimayum

0 pPasinfcosp
2T

10/25/2020 j




