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 Aperture antennas
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Aperture antennas

e Two dimensions required for construction of horn antenna

Phase centre

°* Aand ry
o Simple geometrical relations:

2/

» Flare angle  Mouth
B > I g

o 0 = 2tan~1 (—,) /
2T waveguide

e Flaring length Neck

o 12 =2 4 ()2
E= 7 0

E-plane sectoral
horn antenna

» Distance between neck and mouth r;
E\2 1
s =B -5) (%) -
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Aperture antennas

e How do you get last equation?

Phase centre

e Note that | |, Moutn
) . . X 1
e tan (_E) = -7 = 7 I
2 2ry  2(rg—TE)
. . waveguide
e Inverting and cancelling 2 Neck
. 1 _ (=re)
B b
o Cross multlplylng E-plane sectoral

horn antenna

o br(;:Br(;_BrE:)BrE=(B—b)7"(;=>7"E=(B—b)TBTO

12_B?

LN
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Aperture antennas

* Note that at any point P,
e since the distance ry and ;| are not same

* Hence there will be some phase change

e How much is the phase change?

* Let us find the difference in the distance r; — ry first
* Applying the Pythagoras theorem,

N2\ 1/2 Y
/ / ; / y ~ ] y
7”1=\/(7”o)2+(y)2=7”o<1+(r—6)> =r°<1+5(r_6))

/ I ~ 1 "N\ 2
* Hence, ry — 1y =?(y)
0
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Aperture antennas

1
s S=r - =000
» We can observe that r; — ry has quadratic variation with y’

* Hence phase has quadratic variation
o First step:so we can write the aperture field variation as

1 2
N i)
* Eqy = Eycos (%) e 270 inside the aperture and zero

elsewhere
4

* Ejcos (%) is the amplitude variation and

I
-jB=—(') . .
e e 7o is the phase variation
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Aperture antennas

Table: Amplitude and phase variation of E-sectoral horn antenna

Aperture field Expression x'=0 x'=—a/2 x'=a/2
parameter (amplitude) (amplitude) (amplitude)
y' =0 y'=—-B/2 y' =B/2
(phase) (phase) (phase)
Amplitude <7‘[x'> E, 0 0
Eycos | —
a
g 1 / 2 —_7 i —7 L
Phase e_JBZ_Té(y ) 1 o ],381,6(3)2 o 1387,6(3)2
(maximum) (maximum)
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Aperture antennas

® Second step:
* Take the 2-D FT of aperture field

~ 2 B/2 ~IB; /(3") Byl 4
o Eyy = f_aé/z EOCOS( . )efﬁxx dx’' f;/ze o 7 elByY gy
cos(ﬁg )

or] 1Bro®?
= EO 27Tan_2_('8xa)2 ?e 2 11(01 d))

* where v = sinf@sing

L6, ¢9) = (f(sy) — f(s3))
f@)=CE")—jSE),

C(E) = fogl cos (grz) dr,S(&') = fogl sin (grz) dt
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Aperture antennas

r __ l; B !
® 53 = _r(___rov)

T, 2
B

° Sy = i,(+——r6v)
T, 2

® Third step:

* Use equations (27.1) and (27.2) to tind the FF electric fields

ﬁe( ]ﬁ?")

© Eprg = (1 + cos8)|E,ysing|

1.36’(

o Errp = (1 + cos0) _ancosc/)]
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Aperture antennas

* E-plane patterns (¢p = E):
]ﬁe( JBT)

* Erro =
cos(ﬁx )

2

® where an = E {ZTCCL ﬂz—(ﬁxa)z}{

(1+ cosH)[an] and Efrg = 0

2
TL'T(; Jﬁro(‘l’)

; e

11 (81 ¢)}

* where v = sinfsing = sinf and p,, = fsinfcos¢p = 0

o ,(0,¢9) = (f(54) f(53)) and e

B :
° 53 = i,(—— — résm@)
T, 2

* S5, = . (+ — = rOSLnH)
nrO 2
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Aperture antennas

* Erro =
212
® where
B :
° 53 = %(—E — résm@)
0

°* 5, = \/fm(+5—r05m8)

* H-plane patterns (¢ = 0):
].33(

® Eff9 = () and Effcl) —
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Aperture antennas

Bxa Br! (1)2
- cos(—) ar! JBTo®)
@ an — EO {27’[(1 nz_(ﬁja)z}{ ?Oe 2 11(0' d))}

* 1,(6,¢) = (f(s2) — f(s3), f(§) = CEN —jSE,

jBro®)?
e v ¢p=0.v=sinfsingp =0ande 2 =1

B B
055 = Jam (m3=v) = (e (53)
T, 2 T, Z

° Sy = i,(+5—r6v) = i(+E) = —Sg3

!
T, 2 T, Z

© ~1(0,¢) = 2f(sq)

@ Prof. Rakhesh Singh Ksllctrima)'um

11/6/2020




Aperture antennas

Bx
~ CcoS
o Eqy = 4makE, ”;o {nz ((ﬁ a))z} {f(sy)}

® Hence

Bxa
e A M cos(839)
Errg =77 B {f <2 m)} Uk = st {nz-(ﬁx@z

* Directivity:

41T
® DE

7 €t€p L aB
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Aperture antennas

® Et — ; = 081
E C%(q)+S%(q)
* €pp = = ,q = 2+/s
How do we ﬁnd 1y for maximum phase error?

B
. . /
® Maximum phase error is for y ==

b/

® hence f5 - ,(Y)z B—(B)? = 2m—

819 8Ar,

B2

* Let us equate the maximum phase error to 27TS
BZ

* o, 8Ar,

= S
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Aperture antennas

o [sdirectivity dependent on B?

* Yes and optimal value is for B = ,/ 2/17‘0'
® What is the value of s for this?

. 5= B2 _ 2Arg 2 1
C8Ar) sAr, 8 4
4Tt
* Dp = etephaB
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