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Aperture antennas

e Radiation from open ended Waveguide

® For dominant TE,; mode of rectangular waveguide, aperture fields

arc
.
x' b
° Eazan)’}=<EOCOS_yJ |X| b |y| E z=0
\ 0, otherWlse

* Fig. Open ended rectangular Waveguide
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Aperture antennas

Let us find the 2 — D FT
e of the aperture field,

E(B )
= [FEG,y)e U8 +18 ) dx dy’

ay(ﬁx,ﬁy) E, f2 cos—e(fﬁxx')dx fz e(fﬁyy’)dy

2

b (iBy2)_ (=iBy2)
* Note that fzbe(fﬁyy )dy’ _e - e
— J,By
2 e(jﬁyg)—e(_jﬁyg) _ isin([)’ 2) — b Sin(ﬁyg) _
By 2By Tpy Y2 TR gk T
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Aperture antennas

o Also
a , Bxa
o 2 X L (JBxx") 4! — COS( 2 )
f_%cos —e dx' = 2ma—— 2
e Hence,
cos(ﬁg )

o an(ﬁx,ﬁy) = 27'[abEOSinC (,By g) 12— (B,a)?

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

(—=JjBT)
° Effo = ]ﬁim [( aysmd’)]

and Efrg = Zjﬁe;ﬂ;ﬁr) [(anc059cosqb)]
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Aperture antennas

cos(@)

2

o an(ﬁx,ﬁy) = ZnabEOSinC (,By g) 12— (B,a)?

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

. Bxa
" jﬁe(_]ﬁr) ) b COS(—) .
° Eppp =7 Kaonsmc (,By E) ﬂz_(ﬁja)z sing

and Eff(l) =

Bxa

jBeIp) - (p. 1) (5
. [(aonsmc (,By 2) By cosBcose

* where 8, = fsinfcos¢ and B, = fsinfsing
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Aperture antennas

* E-plane (¢p = % or y-z plane)

* By = 0and B, = Bsind
ipe-iBm

1 . b .
* Erpg = [(aonﬁsmc (ﬁ;sm@)) ]and Efrp =0

r

e SLLis-13.2dB
* H-plane (¢p = 0 or x-z plane)
* By =Bsinfand B, =0

; pasin®
R (—JBT) cos
® Eff9 = () and Eff¢ = ipe [(CleO ( Z ) COSH)]

r

® SLLis -23 dB and H-plane pattern is close to cos@
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Aperture antennas

* Fig. E-plane and H-plane
of open ended X-band waveguide
at 10 GHz
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 jBe=JB") 1] . b . -\
Efrg = - [(abEO —lsinc (,8 Esme)/) ]
180
H—plane
Erre
pasinf 210
= j'ge(_jﬁr) abE COS( Z ) cosf
B r 972 — (Bsinba)?
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Aperture antennas

2

a ! b
. 2 [?4 Eqcos——dx' [?, dy'
a®o0
° _4m |ff5a Eads’| _4m| 72 “ _g
22 E 2qsr A2 2 2 b
ﬂSalEal o f_z_ Eocos% dx’ fzb dy'
- _b
T . T\ 2
{Eo . (smE+smE)}
T
41T = 41 8ab 41 8ab 41T
¢ = 212 51 1(s?nn+sin7t) — A2 {m}2 — /1_2{7.[}2 = 1_2(081(1[9)
(Eo) (5a+2 i >b
a

® It can be observed that aperture efficiency is reduced to 81% w.r.t.

uniform rectangular aperture case

* Directivity is so small, needs to flare out the waveguide to create

horn antennas
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Aperture antennas

* Open ended circular Waveguide

* Aperture field for dominant TE!! mode

o E — Eapﬁ + anbgg» p'<a
a

0, otherwise
1.841p")
. a]
_ 1.841p"\ sing’ _ 1( a ) !
OWhereEap—EO]l( - ) 7 Eag = Eo—55—1 cos¢

* Prom = X11 = 1.841 {(m" root of the derivative of the Bessel’s

function) and n (order of the Bessel’s function)}

a]1(
ap
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Aperture antennas

® We need FT of aperture fields (Egy and Ey) in equations {(24.1)
and (24.2)} for finding far fields of aperture antenna

¢ Coordinate transformation from Cylindrical to Cartesian

L r _ 1.841,0') sing' ]
Eax cos¢p’ —sing’ 0 Eap = Eols ( a p'
* |Eay| = [sing’ cos¢p’ 0 Enp = Eofl (1.841,0') oy
P 0 0 1 a
Eqz =0
1.841 '
Eo]1< 2 ) E 1.841p'
_ . 1 o yr [L1-0%Llp . /
e F . = 25 Ssin2¢’| — - 1( ” )stqb
1.841 '
th( ) _ 1.841p'
¢ B,y = p =~ sin?@'+E,J; ( . & )Cosng'
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Aperture antennas

o Let usfindthe2 —DFT

e of the aperture field,

¢ Eax(e: ¢) —
1.841p'
a 2T
f() f() { 2,0’
* Note that
2 .
o I, = [ " sin2¢’
e2j ' _g-2jo’

2
fy"

2j

E ] / . ! . /
0 1( P )_%]{ (1.841p )}SinZ(,b'e]ﬁp sinfcos(p—¢ )dqb’

a

ejﬁp’sin9c05(¢—¢’)d¢/ _
ejﬁp’sin@cos(c[)—qb’)d(p/
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Aperture antennas

* Putp’'—¢ =7{,d¢p’ =dJ

o I = fozn Sin2¢rejﬁp’sin9cos(¢—¢’)d¢/ _

02j® fzyr ‘l’ejﬁp'siné’cosz"‘fzfd( —22]J¢ fzn cbejﬁp'sinecosf—jzfd(
T _

e Since, 2mj"],(x) = fozn eJXcos¥ oI iy we have, n = +2,x =
Bp'sind, P = (
»

011=—

—2j¢

(Bp'sing) +———2mf_,(Bp'sind)
* Also note that|J_,,(z) = (—1)"],,(2)

o [ = —2nsin(2¢)],(Bp'sind)

@ Prof. Rakhesh Singh Kshctrima)'urn 11/1/2020 /




o

Aperture antennas

Epe(0,0) = ,

. a ]1<1'821p ) , (1.841p"\ | , o ,
— E()Tl'SlTl(ZQb) fo o' —)1 ( 7 ) P z(ﬁp SlnH)dp
Use Bessel identity I: a]p+1(ax) — %Jp (orx)— d];;(:x)

Take a = %,x = p',p = 1and we have, E_,. (0, p) =

_ E,msin(2¢) 1.841 J-Oap,]2 (ﬁp’sin@){ ; (1.841,0')} dp’

a a
YxJn(ax)n—1(Yx)—axjn—1(ax) n(yx)

Note that [ xJ, (ax) J,(yx)dx = —2—"- R -l -n

: : 1.841
In this case, take @ = Bsinf,x = p',y = ——n= 2, hence

a . 1.841p’
fo Plfz(ﬁsmgpl){ 2 ( a )} dp' =
1.841],(LasinB)],(1.841)—Lasinb ], (Basinb)],(1.841)
(,B’Siné?)z—(l'841)2
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Aperture antennas

dJp (%)
dx

* Use the Bessel identity I fora = 1: [, 14 (x) = %]p( X)—
o Takex = 1.841 = y;,p =1

- Since, J,(1.841) = 22220 _ ji(1.841) = &

* Hence, /;(1.841) = 1.841],(1.841)
e Therefore,

° faP’ 2(Bsinfp’ ){]2 (1 841p )} dp' =

_a?J5(1.841) {1 8412]2(,8asm9) ,Basinejl(ﬁasine)}
1.8412 pasiné 2
1_( 1.841 )

(1.841)
1.841 '’

@ Prof. Rakhesh Singh Ksllctrima)'um 11/1/2020 /




Aperture antennas

¢ Eax(e: ¢) —
Ey2masin(¢p)cos(¢p)

J1(1.841) {1.8412]2 (Basin®)—BasinbJ, (,Basine)}

1.8412 1_(Basin9)2
1.841

e Similarly,

¢ an(e, ¢) =
! in2g¢’ / . ] - I}
foa f027l' {onl (1.84;1;0 ) SlT;,CP +EO]{ (1.84;1P ) COSZ¢’} Sin2¢'€]ﬁp schos(qb—qb )d¢’p’dp’
(. : . 1.8412 , -3
J1(1.841) sin’¢J; (Basing) (ﬁasm@ — W) — cos*¢1.841%];(BasinH)
— et T 8412 T (Basind)?
\ 1.841 J
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Aperture antennas

» Using equation (24.1) and (24.2), we have far fields of open
ended circular waveguide

o Eprg = ' 47; |(Eqysing + Eqycosd) |
* and Efpg = 2l :;jﬁr) [(ancosé?cosc/) — E i cos0sing)|

e [t can be shown that

o Egysing + Egicosp = Eg2maj; (1.841)sin(¢) )

pasin6

o Egycos0cos¢p — EqycosOsing =

Ey2maj,(1.841)cos(8)cos(¢) /1 (([;Z:::%)z
1_

1.841

@ Prof. Rakhesh Singh Kshctrima)'um 11/1/2020 /




Aperture antennas

» Using equation (24.1) and (24.2), we have far fields of open
ended circular waveguide

jBEgaj;(1.841)e(-JBT)

* Erpo =

r

jBEoaj;(1.841)e(~JAT)

[(]1 (Basin®)

Basin®

® and Eff¢ —

r

» For E-plane (y-z plane and ¢ = g)

_ jBEgaj,(1.841)e("JBT)

) Sin(qb)]

1.841

1— (ﬁasm@

J1(Basin®)

Efrg =

r
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and Eff¢ = ()

KCOS(H) /i BaSlng)) os(gb)]
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Aperture antennas

° fasinf; = 1.6162

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

Ba m2a D

* Hence, HPBWp_pjane = 25in™* (0.5145%) rad =
114.59sin™?! (0.5145 %) degrees

® where D is diameter
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e The 3-dB pattern point in E-plane (¢ = % or y-z plane) is
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Aperture antennas

® SLLis -17.6 dB (please note that it is first order Bessel’s function of first

kind not sinc function)
* For BWEN, the first zero or null point is
e fasinf,,; = 3.8317

* BWFNg_piane = 2sin~ (3 8317'1) = 2sin~?! (1'2;97/1) rad

D
1.2197A
degrees

= 114.592sin”" (

® Directivity

2
« D =0. 836—(na2) = 0.836 (2”“)
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Aperture antennas
* Fig. E-plane and H-plane

of open ended circular waveguide

at 15 GHz
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Efro
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2

fasind

1(,8asin9))' 210
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Erre |
_jBEyaJ;(1.841)e"IA)

r
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