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Aperture antennas

e Pyramidal horn antenna:
o First step:

* E-plane and H-plane sectoral horn antennas together make pyramidal

horn antenna

* so we can write the aperture field variation as

2
—Jﬁ —(x")
2ron inside the aperture

* Eqy = EycoOs (nj ) e

and zero elsewhere

!/
* Eycos (%) is the amplitude variation and

—jB——(»' —JB L (x')
e T Oe( ) 27 is the phase variation
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Aperture antennas

Table: Amplitude and phase variation of Pyramidal horn antenna

Aperture Expression x'=0 x'=—A/2 x'=A/2
field (amplitude) (amplitude) (amplitude)
parameter x,y'=0 y'=-B/2 & y' =B/2 &
(phase) x' =—A/2 x' =A/2
(phase) (phase)
Amplitude x’ E, 0 0
Eqycos T
Phase R - 1 _ig—L (B2 _-L,Az
e_]ﬁZrée(y ) . ]’Bngh(x ) . ]/387‘63( ) . ]ﬂSToh( )
(maximum)
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Aperture antennas

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

2

f (ti))}
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~ —jB 1’ /
° Egy =fi{?2EOCOS(n;c)e J erh(X) o JBxx! gy fB/Z
° =E01213
®* where
.B 17"
1 J jEXL 0h x1"oh
° 12 =E 'B()h{e 2B (f(SZ) f(Sl)) + e

B/2°€

14
Beroh

2p

"2 (f(t)) —

11/13/2020




Aperture antennas

/ ﬁ’yTOe
- gy = 77:7'[;03 {91 2 (f(sy) — f(Ss))}

® Third step:
* Use equations (27 1) and (27.2) to tind the FF electric tields

(=J -~
© Efpg = ]Be (1 + cosH) ansingb] ---(27.1)
]ﬁe( ]ﬂT‘)

o Errp = (1 + cosB) ancosgb] ---(27.2)

® Where an —_— E01213
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Aperture antennas

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

g Eff9 — (1 + COSH)[an] and Eff¢ = (

* where v = SmHsmqb = sinf and (3, = ,Bsm@cosqb =0

'12=§ ,8 e’ 2P (f(Sz) f(51))+e 2B (f(tz)—
f (ti))}
* Bx1 = Px +%=%»ﬁx2 =,Bx_%= _%
-39261T6h .B,zczrf)h

» e’ 26 ande’ 26 are independent of
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Aperture antennas

» All the above parameters are independent of 0
* [, isindependent of 0
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Aperture antennas

ﬁyTOe

o I3 = m[;(;e {91 28 (f(sq) — f(Ss))}
* where 3, = fsinfsing = fsinb

r— | B (_B_ i )
°® S; = nré( > ToSino
o st = | £ (+——r SmH)

& arg\ " 2 0

ﬁyTOe

® Hence eJ 2B as well as (f(S4) f(Sg)) are dependent on 0 and

¢ It will determine the radiation pattern which is similar to E—plane

pattern of E—plane sectoral horn antenna
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Aperture antennas

* Erro =
jﬁe(_jﬂr)

o EyL,(1 + cos0O)|15]
* H-plane patterns (¢ = 0):
]ﬁe( JBT)

(1+ COSH)[an]
* where 5, = fsinfsing = O and S, = fsinfcos¢p = [sind

/ ﬁxlroh BerOh
e I, = %‘/m;)h {e] 2P (f(Sz) f(51)) +e’ 2 (f(tz) —

f (ti))}
° By1 = PBsind + %,ﬁxz = Bsinb —%

® Eff9 = () and Eff(P —
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Aperture antennas A

* 51 = \/ﬁ(_%‘_ﬁxﬂé)
° Sy = n;ré ("‘ ﬁZA ,3x17"(;)
o t{ S (

° té =m(+ﬁ?A—ﬁx2T6)

* All the above parameters are dependent on 06 and hence I,
is dependent on 6

¢ |t will determine the radiation pattern which is similar to H—plane

pattern of H—plane sectoral horn antenna
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Aperture antennas

/ ﬁyTOe
o I3 = 77:7'[;03 {91 2P (f(54) f(Ss))}

* where 3, = fsinfsing = 0, e’

r— B (_B_,))= [E
R m‘é( 2 TOV) IRNE 2L

r— | (LB )= £
- = Ty (+2 TOV)_ Ty
o w3 =2f (s,

* [3 is independent of O
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Aperture antennas

Jﬁe( ]ﬁ?‘)

o Errp = (14 cosO)|Eyl,15]

® Hence

(=jB7)
o Efpg = ’B‘;m E L1 + cos6)[I,]

° E—plane radiation pattern is similar to E—plane radiation pattern of E-

plane sectoral horn

® Whereas H—plane radiation pattern is similar to H—plane radiation

pattern of H-plane sectoral horn
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Aperture antennas
e Gain of Pyramidal Horn

e D = —eapAB = etephephAB

o€, =— =081

7Tz
® The phase efficiencies for optimum gain sectoral horns with

s=1/4=0.25 and t=3/8=0.375 are
* €5, =08
* €5, = 0.79
* Hence, €45, = 0.81 X 0.8 X 0.79 = 0.51
® Therefore, for optimum gain pyramidal horn antenna
4T
e D =0.51 A—ZAB
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Aperture antennas

* E-plane and H-plane sectoral horn antennas together make pyramidal

horn antenna

® In order to properly connect to the feed waveguide, to make it

physically realizable tb/z‘
°* R =Ry N
* E-plane sectoral horn antenna ;
® Since all angles are equal .%V' ”
e AOO'E~AMO'N (similar As)’ I x|
® Hence waveguide
N 00’ _ 0'E _ 1y _ B/2 _ B

Mo’ O'N " rg g—b/Z B-b . v

< >
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Aperture antennas

° Similarly
* H-plane sectoral horn antenna

. i _ A/2 =i
a2 A-a

® Note that for E—plane sectoral horn antenna for optimum gain

.”r(;_ B
.T'E_B—b
o B — 7 — Bre — TE_
B =2l = [2A-==VB = |2A-%
.:B=ZATE

B-b

e >B?—bB—2r; =0

® We know that 7y and 7 are equal
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Aperture antennas

* Using the relation for H—plane sectoral horn antenna

!/
T, A/2 A r A—-a A-a
o o= A2 _ 4 Tt _Aa,, S Aay
Ty E_a/z A—-a To A A

® Consider the case for optimum gain

7 ) _ A°
° A= .3y >y =27
A—a (A? A-a
o TH =T (31) _3_)1(‘4)
 Hence B? — bB — 2Ary =0

o = B2 —bB—g(A—a)(A) =0

e = B2 —bB—%(AZ—aA)=O
o =>A2—aA—532+§bB=o
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Aperture antennas

41T
,TzAB

* We can simplify the above equation in terms of A or B

* From gain relation, G = €4,

® [etus simplify it for A

G A2
* Replace B as B =
ATEqp A
2
3( GA? 3 GA?
At —an -2 2 (2)
2 \4megpA 2 4TEqp A

* Finally, fourth order equation in A results which is the design

equation for optimum pyramidal horn

3bGA? 3G%2%
-A4—aA3+( )A—Tzo
8T€qp 32m“€qyp
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Aperture antennas

® You can easily find the roots of this equation (use roots command in

* B =\[211r] = 1§ = — = 1629 mm

MATLAB)

[t gives four roots for a=22.86mm, b=10.16 mm, G=10dBi, €4y =

0.51 and f=10GHz

44.9088 + 0.0000i
8.6655 +39.9698i
8.6655 -39.9698i
-39.3798 + 0.0000i

Only first one is possible solution hence A= 44.9088 mm

GA?
4mEgpA

~

= 31.27 mm

For E—plane sectoral case
2
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Aperture antennas
E-plane sectoral horn
2

o 12 ==+ (1})? = Iy = 22.579 mm
» Distance between neck and mouth r

2
e 75 = (B — b)\/(%) — 2= 1 = 10.997 mm

7 ) AZ

H-plane sectoral horn (4 = /311y = 1y = i 22.409 mm)

2
o 12 = ATJ’ )2 = 1y = 31.723 mm

» Distance between neck and mouth r,

2
o rH=(A—a)\/(17H) — 2= 1y = 11.00 mm

® Since Ty = T, this pyramidal horn antenna is practically realizable
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