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Aperture antennas

* Two types of antennas:

* Type I (actual source) antennas

® such as Dipole, Loop antennas

* Type II (equivalent source) antennas

® such as aperture antennas

® Antenna analysis for Type I antennas:
* (Js;Ms) » (A F)~ (E,H)
® Antenna analysis for Type II antennas:

* (Ea,Ha) - (Js, Ms) - (A, F) - (E, H)
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Aperture antennas

* Fig. Radiation
from Type II

antenna (an

aperture S,

positioned in x-

y plane)

\a Prof. Rakhesh Singh Kshetrimayum

10/24/2020




Aperture antennas

¢ In type Il antennas,

® fields in the aperture (E 05 H a) is always known
* For example,
® in open-ended waveguide,

® we know the field propagating inside the Waveguide

® Hence we can find equivalent currents from the aperture fields as

/\

e Jc=NXH,, Mg =—-nXE,
®* So we can find

N %em|rr|

C A= L ff, T Smds

T'T'
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Aperture antennas

® For our case,

o Js=AXHy =2 X (Hge® + Hyy9) = —Hgy X + Hyy Y

® So we can find

® In far fleld,
o | ¥ —7"| =7 for amplitude term

* For phase term,

o [P =7 = [ — )%+ —y)? + (@227
= [r? — 2xx' — 2yy" + (x")? + +(y")?]
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Aperture antennas

* For phase term,

o |F =7 =[r*—2xx"—2yy" + (x')? +(y')?]

=71l —

r? r? r?
* Doing binomial expansion,
2 2
! _yy' )G
r r 2T

- -/

o |lr =7l =1r—

* For far fields, last term can be neglected
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Aperture antennas

® How can we neglect the last term for far fields?

® Note that for far fields, neglecting the last term will give an error in
phase approximation as

Fig. Largest

)+ _ =
o B < — : :
275 f 8 dimension of
. Or (x' )2+(y' )2 < A the antenna
ZTff 16

D
® Sincer' = \/(x’)z +(y")?*< >
® where D is the largest diameter/dimension

® of the antenna, therefore,

2
° (D) < A
87”ff — 16
2(D)?
* Hence, (}\) < Trr
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Aperture antennas

® Hence,

14 14
. - = ! XX yy
iBlE=F|  gmiB(r-EXL)

. - - E
|77 r
® Also note that
X . p . .
o X Bx _ sinfcosgp,> = =2 = sinfsing
T 15 r B
® Hence

o—iBF-7|  (=iBr+iBxx'+jByy")
o =
|7 —7"] r
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Aperture antennas

® Therefore,

- (_Jﬁr)
A=

41Tr

® It can be written as

> (=JjBT) ~ ~
ue A A
A=—— (—HyyZ + Hyy D)

o where H ay and H ax are the 2-D FT of Hg,, and Hgy respectively

® This is profound and useful result
® which shows that FT plays a Si(qng'ﬁ'cant role jnﬁndjngﬁelds qftype 11

antenna SUCh as aperture antennas
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Aperture antennas

o Similarly,

W eJBIrTI

P =l M ds

ce(—JBT) ~

(—Egy® + Egyd)

oF:—

41Tr

* where an and Eax are the 2-D FT of E,, and Egy respectively

® The negative sign is due to 1\_4)5 = —N X E‘)a
® But we always find fields in spherical coordinates

¢ So we need to do a coordinate transformation
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Aperture antennas

e Coordinate transformation from Cartesian =2 Spherical

A, /E sinfcos¢ sinfsing cosO \ [Ax/Fs
o [ Ag/Fg | = cosOcos¢p cosOsing —sind || A,/E,
Ay /Fy —sing cosQ 0 A, /E,

* For far fields, A,./F. = 0

* and for equivalent source in x-y plane, A, = F,=0

(—=JjBT) ~ ~
_ ue B |
© Ag =—— (—Hgycosbcosp + HyycosOsing)
(=jBT)
e
© Ay = ” (Haysmqb + Hyycoso)
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Aperture antennas

® Similarly,

e (—]ﬁ‘l")

© Fp=——— (—Egycosbcosg + Eyycosfsing)
ge(_jﬁr) ~ . —
* Fp =— pp— (ansmgb + Eaxcosgb)

e Electric field in the far field will have contribution from /T and ﬁ'

® Hence,
- _ —>A _)F
* Efp = Efy + Egf
® where E}‘cﬁlf = —]'(1)149@ _]'(UAch;5
® and E]Ef = nﬁﬁf X T
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Aperture antennas

* where Hf; = —jwFy — joFy¢

* and Ef; = —jon(Fe + Fyp) x 7 = —jon(Fpf —
* Therefore,

* Erpg = —jwAg —jwnky

* Erpp = —jwAy Hjwnky

N

Foo)

®* Hence,
~ ]a)‘ue(_fﬂr) ~ ~ .
* Errp = — o (—HayCOSHCosc/) + Haxcosﬁsmgb) +
' (=jBr) , ~
jwnee .
= (ansmgb + Eaxcosgb)
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Aperture antennas
® Note that
o _J'wlie(_jﬁr) _ _jwuﬁe(_jﬁr) _ _jnﬁe(—fﬁr)

4T panr 4tr

. jonee TIPT)  jwwpeeTIBT)  jp2e(ZIBT)  jpe(=iBT)

4mtr B panr B panr B 41T

]lge( JBT)
* Finally, Errg = [17( Hgycosbcosp — Haxcosesmqb) +
(ansmgb + Eaxcosgb) ] ——-(24.1)
(=jBT)

* Similarly, Erpg = ]Be [ n(HaySlnqb + Haxcosgl)) +

(ancosecosqb — EaxCOSHSlnqb)] —--(24.2)
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