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Aperture Antennas
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© Image Theory
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@ Balanced Maxwell's Equations
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Balanced Maxwell's Equations

Equations due to Electric Current, Equations due to Magnetic Current,
VXEax = —j(l)[.LHA VXEF = —j(l)[.iHF—M
VxHp, = jweEp+) VxHrE = joeEr

V-Ex4 = pe/&‘ V-EF = 0
V.-Hy = 0 V-HF = pm/u

Balanced Maxwell's Equations due to Electric and Magnetic Current,

VXE = —jouH-M
VxH = jweE+J
V-E = pe/e

V-H = pm/p

E=Es+EF, H=Hs+HF

Continuity Equations, V-J=—jope, V-M=—jopn, J




The Vector Potential for an Electric Current Source

VxEas = —jouHga
V x HA
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The Vector Potential for a Magnetic Current Source

VXEF = —j(L)‘LLHF—M
VxHrg = jweEfr
V-EF = 0

V-HE = pn/e

1
Er=—_VxF,  Hr=-V,—joF

1
If? ¢m:_.7V'F, then‘V2F+k2F:—gM‘
Joue

1
Hf = - Vo, — joF = —joF — j——V(V-F
E Om—j@ jo J oiie (V-F)
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Balanced Maxwell's Equations due to Electric and Magnetic

Current

VXE = —jouH-M
V X H = J())SE + J X.y.z'onS o , l()‘t?T.!'\:'G:lloﬂ point
V-E = pe/e —o f
VH = pm/:u ~0 / I :
E=Es+Er, H=Ha+Hr i 1 o
1 1 — =37 |
E=—jwA—j—V(V-A)—-VxF \
JOR—J e (V-A)-ZVx e
1 1 ~' o h
H n e—JkR
A:/// J dv’
VA4 KA = —u) am v R
A I v R



Balanced Maxwell's Equations

Radiation Fields

E=Es+Er, H=Hs+Hr : .
Ea.0) = —J0OA@0.4) HFo.9) = —JOF (0,9 _,,ﬂ,“”‘::’ & : i
HA—:] X Ea(6,0); EF =nHge,9) xar b L égs"’

E=—joAps—jonFy) x4, il )j

H=—joF . —ja);é, x Ao.9) ~ = i

“ o Jkr /// o) ay & e*f"r /// ¢) 7 !

k = ka,
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@ Field Equivalence Principle: Huygen's Principle

Tamer Abuelfadl (EEC, Cairo University) Topic 5 ELC405A, ELCN405 9 /26



Field Equivalence Principle: Huygen's Principle

v, EpH
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Field Equivalence Principle: Huygen's Principle

@ Love's Equivalent
v, EuH
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e Magnetic Conductor Equivalent

o Electric Conductor Equivalent
Va
E.H,

v, EH,

0.0

Magnetic

< K
Fecic conductor / Jp=n X Hy

A
conductor /J‘ =RxH=Y
M, = xE=0

"M, = b xE,
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© Image Theory
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Image Theory

Image for Electric Conductor

Electric Electric Magnetic Magnetic
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@ Waveguide Aperture in an Infinite Ground Plane
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Equivalent Sources for Waveguide Aperture in an Infinite

Ground Plane
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Radiation from a Rectangular Aperture with Uniform

Distribution in an Infinite Conductor

/" % s
,L'r_,, H ~N
il
’/
E=4,k, —a/2<x' <a/2, —-b/2<y <b/2

Equivalent Currents:

—2fi x E, —a/2<x'<a/2, —b/2<y' <b/2
M, = . Js=0

0 elsewhere
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Radiation from a Rectangular Aperture with Uniform

Distribution in an Infinite Conductor

abkEgeJkr T . sin X sinY
Eo =i 5" X Y

_abkEyeikr sinX /sinY
Ey=j—-—
0 =1J oy [cos@cosd)( X )( v )]

where X = kasinOcos¢ /2, Y = kbsinBsin¢ /2

e




Radiation from a Rectangular Aperture with Uniform

Distribution in an Infinite Conductor

P72 S— H

—

E 2
Prad:/ Wav'dszabi‘ 0’
So 2n
4l im
D= P Dy = ﬁAp’ where A, = ab
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Radiation from a Rectangular Aperture with Uniform

Distribution in an Infinite Conductor

Relative

Gro und Plane magnitude

Uniform

a

H-plane (x=z, ¢ = 0%) E-plane (y=z, ¢ = 90°)
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Circular Aperture in Ground Plane Illuminated with Uniform

Field

E —Field

E.= Eé,

M, = —2fi x E, = 24,

Tamer Abuelfadl (EEC, Cairo University) Topic 5 ELC405A, ELCN405



Circular Aperture in Ground Plane with Uniform Illumination

M. = —2 x E, = 2Fo4,
cos Y =sin B cos (¢ — ¢')

M, sinBcos¢ sinBsing cosO M,
Mg | = | cosOcos¢ cosOsing —sin6 M,
M —sing cos 0 M,
H —jkr
Hy = 7_Jw§(7):;e i cos@cos¢//ejkp'5inecos(¢d’,)p’d(b'dp’

H —jkr
H¢ — JwE;)Ze J Sin (P //ejkp’sin 9C0$(¢—¢/)p/d¢/dp/
r

—k
EG :an) —JkE20 KF n¢//ejkp sin 6 cos(¢p— ¢)p d(P dp

kEge Jkr Qe /
Ey = —MHe :J7207:r cochosq)//e’kp sinfcos(0-0") 5/ g9’ dp’



Circular Aperture in Ground Plane with Uniform Illumination

Employing the two integral Identities:

/ X0 do" = 27 o (x)
2

/XJO (ax)dx = éle (ox)+C

E, = Jjka® Ege Ik sin J1 (kasin 0)
r

' kasin 8
Ey :Wcosecosq)“/lg‘;srjze)
Prad = “;-(;7'2”327 U= “;_(;Jzkza4 (sin® ¢ + cos® B cos® §) [mr
D=4 _ 4z (sin?¢ +cos® B cos® §) [Jll((l@.sine)r
rad asin 0




Circular Aperture in Ground Plane with Uniform Illumination

Relative
magnitude

1.0

Uniform Ground
a=1.5\

]

H-plane (x-2.¢ = 0°) E-plane (v-2. ¢ = 90°)
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© Aperture Effective Area and Aperture Efficiency
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Aperture Effective Area

For Uniformly Illuminated Aperture,

4T

Dmax = pAp

where A, is the aperture physical area.

In general for no uniform illumination, maximum radiation is still at 6 =0,

k // E.ds'
r Ap

’Efad|max:2
? 1
Prag = — E.|>ds’
)7 rad 277/Ap‘a’ S

// E.ds
Ap

Aem, where A, is the maximum effective area.

1 k

Um X — A | A=
Y <2n
AnUmax _ 4m
Prad - A2

Dmax -

‘ﬂ; E,ds'|

<Ap
ffA \Ea| ds’

em —




Aperture Efficiency

Aperture Efficiency €, is defines as,

Aem
A,

(o

where A, is the maximum effective area and A, is aperture physical area.

2

[T, Eads’
N Ap fpr “Ea|2 ds’

€ap
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