Chapter 13 : Horn Antenna

e E-plane sectoral horn (E-plane horn)
e H-plane sectoral horn (H-plane horn)
 Pyramidal horn

e Corrugated horn
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E-plane horn
The aperture fields are given by (for —a/2<x’<a/2;-b,/2<y’<b,/2)
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where

Lo, +8OD] =p+y? or 8(y)=—p, +_[pf hevel e

Binomial approximation: 0(y') = —p, + o,
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E-plane horn (2)

o, = p,cosy ;2 , : tlare angle
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Design example

e Design an E-plane horn so that the maximum
phase deviation at the aperture of the horn is
56.72. The dimensions of the horn are a=0.54,

b1=2.752« /2 .

. , k(b,/12) 7T
Since A¢ . e ké‘(y )‘y'=b1/2 i 5101 — 5672(@)

2.75)° 180
— A =61
i i ( > j 56.72
Thus
2y, = 2tanl(b1 /2] = 2tan1(2°75/2j =25.81°
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Far-zone fields

Assume that closed surface 1s an infinite plane that passes
through the aperture of the horn, 1.e., z’=p, plane. On this plane
the fields are assumed to be zero everywhere except at the
aperture. Thus,

Js:ﬁXH ZEXH M :—sza

Hence
L2 7 o],k e
il ;COS(ZX} i —al2<x'<al?
-
M_=E COS(ZX'jejkplejkg(y') —b [2<y'<b /2
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J. =M_=0 elsewhere
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Far-zone fields (2)

Recall that the far-zone electric field due to electric and
magnetic surface currents are given by:
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E(r)~— Jiqle ”[M (FYxF—rix7FxnJ (7)™ ds'
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Far-zone fields (3)

The far-zone electric field due to the horn antenna can be
written as:
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Far-zone fields (4)

Let al? T il
kx
I, = I cos(—x' Aeititinyte:
—al?2 a

e

n2 J'b1/2 —jk§(y')ejky'sin6’sin¢dy'
b /2

Then N and L can be written as:

N =—(dcosOsin g+ gcosp)e™ “VE I,

and

L = —(dcosOcosd+Osing)e O VE [ I,



Far-zone fields (5)

It can be shown that
ka .
cos(2 sin @ cos ¢)

2 2 2
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Far-zone fields (6)

Using the following change of variable

T | k
—1 = '_k ,dt i —d '
\E ‘/kal (ky'=k,p,) 1/@1 y
yields
i} /77,01 Jkypl/ZkJ‘ —j(ir/2)t2dt
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Far-zone fields (7)

h
where I " (_&_k j.t il (kbl il j
I e, 5 vPr1 ep; \ 2 v P

C(x)= J: cos(ztzjdt; S(x) = on sin(ztzjdt

) %

o = _/
' '

cosine-Fresnel integral sine-Fresnel integral

N = (O cosBsin @+ ¢ cos g™ P VE x
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Far-zone fields (8)

and 7 A ] cosf—
L = (¢cos@cosd+Osing)e” " VE, x
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Far-zone fields (9)

Therefore AT
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E-plane and H-plane

E-Plane E,#0,H; = &2
(¢p=m2,3772) 7
(y-z plane) E,=H,=0
E¢
H-Plane E¢¢O;H9:__;
(¢=0,7)
(x-z plane) E, = H¢ —0
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Radiation Pattern

A Relative
magnitude
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Normalized field pattern: p, = 64, a = 0.54, b, = 2.754
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Radiatioi Pattern (2)

o = 6}\,61 =275\ 180°
a=0.5)b=025x
F-plane _’/ T
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Radiatioer_L }’attern 3

Relative power (dB down)

90°

180°
p1L = 135A pyp = 15X
g, = 20° 2y, = 30°
—_— — — 2y, = 25° —_—— e — 2, = 35°

17




Directivity

The radiated power can be obtained from the power into the
aperture. For uniform distribution, the Poynting vector 1s given

b | 2
{ e M LS L cosz(fx'j
D 2n Y
for—a/2<x'<al2;-b /2< y'<b /2
thus 2 2
f)md :j /2 b /2 |E1 | COSZ(zx'jdy'dx'zlEl | abl
—al2d-b72 Dp ) 47
Recall that D(0,9) = 472{;)(8’ 9) and

rad
2
U (6. 9) =;—n<\Ee\2 +E,[)
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Directivity (2)

The maximum radiation intensity 1S given by

Umax 0l U(g’ ¢)‘(9=0 ‘E

max

. 4 ’k
since (6], =[E[,, +[E [, =25 g Fof
max b 72- r
h
R F()=C()- jS(D);t =
V240,

Therefore, the maximum directivity 1s given by
47U 64a 2
DmaX 19 max_ __ P ‘F(t)‘

P 7tAb,

rad

64a yo)
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Normalized Directivity

Normalized directivity of E-plane horn
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Radiation Pattern (2)
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Pyramidal Horn
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(a) Pyramidal horn
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Radiation Pattern

Relative
magnitude

Normalized field pattern: p,
=py= OWial = Bi5M b | =
2.754,a,=0.54,b, =0.251

Fl-plane (x-2. ¢ = 0% F-plane {v—-2. ¢ = 90°%)



Radiation Pattern (2)

Relative
magnitude

Normalized field pattern: p,
=0,=64,a,=124, b, = 64,
a,=0.54,b,=0.251

H-plane (x-z, ¢ = 0°) E-plane (y-z, ¢ = 90°)



Radiation Pattern (3)
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Aperture-matched horns

Attached curved

Attached curved
surface

surface ™

Curved surface is
mounted flush
with horn walls

Attached
curved surface

Curved surface
section
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Quiz

e Derive the formula for the maximum
directivity of E-plane horn (in slide 19).

HINT: C(-x) = -C(x), S(-x) = -S(x).



