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Optimization of Pyramidal Horn Antennas Directivity Using the Fresnel Integral

O.TEKKOUK, A.BOUALLEG, M.BENSLAMA
Laboratory of Electromagnetism and Telecommunications (LET)

University of Constantine (ALGERIA)

Abstract

Antennas are devices used to transmit and receive electromagnetic energy to and from free space. The
electric and magnetic fields around antennas vary based on the location of the field point and the
excitation impressed upon the antenna terminals. There are two major types of antennas widely used in
radar and communication systems: linear wire antenna, center-fed by a transmission line, and
electromagnetic horn antenna fed by a waveguide. In this paper, we present the radiation patterns of
pyramidal horn and calculating the optimum values that maximize the horn directivity. These pyramidal

horns are widely used as feeds for reflector antennas.
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I. Introduction

The only practical way to increase the directivity of a waveguide is to flare out its ends into a horn. There
are three types of horns: The H-plane sectoral horn in which the long side of the waveguide (the a-side) is
flared, the E-plane sectoral horn in which the short side is flared, and the pyramidal horn in which both

sides are flared.

The pyramidal horn is the most widely used antenna for feeding large microwave dish antennas and
for calibrating them [1] [2]. The sectoral horns may be considered as special limits of the pyramidal horn.
In this paper, we will discuss only the pyramidal case.

II. Analysis

The configuration to be analysed is shown in Fig.1. The two lower figures are the cross sectional

views along the xz- and yz-plane.

In this figure the length A, represent the maximum deviation of the radial distance at the edge of

the horn plane, that is, atx =+A4 /2. For any other distance x along the A-side of the horn, and distance y

along the B-side, the deviations will be:



Bo(x)=2ty (v) =2 (1)
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Fig.1 The geometry of the pyramidal horn requires Ry =Rp

The quantities kA, (x) and kA, ( y) are the relative phase differences at the point (x, y) on the

aperture of the horn relative to the center of the aperture. To account for these phase differences, the

aperture electric field is assumed to have the form: [3]

Ey (x, y) =k oos(zcje_j kA”(x)e_j kA () ,Or, (2)

nxj ~jke? /2R, ~jky* 12Ry

Ey (x,y):EOcos(j e (3)

We note that at the connecting end of the waveguide the electric field is

E y (x Y ) =L cos (nx / a) and changes gradually into the form of (3) at the horn end.

Because the aperture sides A, B are assumed to be large compared to A, the Huygens source

assumption is fairly accurate for the tangential aperture magnetic field, H (x , Y ) =-E, (x , Y )/ n, so

that:
e it 0

The quantities kA,, kA, are the maximum phase deviations in radians. Therefore, A,/Aand

4y, /A will be the maximum deviations in cycles. We define by [4]
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It turns out that the optimum values of these parameters that result into the highest directivity are

approximately: S, =3/8,5, =1/4. We will use these values later in the design of optimum horns. For

deriving convenient expressions for the radiation patterns of the horn, we define the related quantities
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The near-optimum values of these constants are:

0a=\/Ka =4/4(3/ 8) =12%47and ¢, :\/Kb =,/4(l/4) =1. These are used very widely, but they are not quite the

true optimum values.

Replacingk =271/ A, 2AR,, =4 2y Jg and 2AR; =B 2y Jg in (3), we may rewrite the aperture

fields on the following form taking account that : -4 /2<x<A/2 and-B/2<y <B/2:

E, (x, y) =k, cos [%j e—j[%’jag[%f e_,-[;fjo—bz [%T
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III. Horn Radiation Fields

The radiation fields at some large distance r in the direction defined by the polar angles 6, ¢ are
obtained from [5] [6] [3]:

.ke_jk 1+cos@ )
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In calculating the radiation fields of pyramidal horns, it is desired to calculate a Fresnel diffraction
integral of the type:
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The function F (v , U) can be expressed as:

e ]

Where F (x) =c(x)— S (x) is the standard Fresnel integral. Then, the function Fl(v,a) can be

expressed in terms of /1 (v , U) :
F(v.0) =%[FO (v +05,0) +Fy (v ~05,0) (12)

Next, we express the radiation patterns in terms of (10). Defining the normalized wave

numbers:vy =k, A/2andv, =k, B/27, we have:

X :% sinfsin @ (13)
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Changing variables to { =2y /B , the y-integral can written in terms of F (v , U) :

B
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It follows that the Fourier transform f, (H, (p) will be:

7, (6.9 =EOATBFl(vx,Ua)FO(vy,Ub) (14)

The open-ended waveguide and the sectoral horns can be thought of as limiting cases of (14), as

follows:

- Open-endedwaveguide: g, =04 =a, g, =0,B=b
- H-plane sectoral horn: g, ~0,4 >a, g, =0,B =b
- E-plane sectoral horn: g, =0,4 =qa, g, ~0,B >b

In these cases, the F-factors withg =0 can be replaced by the following simplified forms:



FO(vy, ): .
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The far fields can be now calculated
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IV. Horn Radiation Patterns

The radiation intensity is

U (0,(0) :r2(|E9|2 +‘E¢‘2j/2/7, so that:

1 1+cos8Y
U(8,¢) = ——|E (4B | —>
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Assuming that the maximum intensity is towards the forward direction, that is, atv, =v y =0, we

E( x, a)F(‘)(Vy’a-b)‘2 (17)

have:

Un (8.0) = 5 |E[ (4B) |15 (0.0,) F; (0.0, (18)
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The direction of maximum gain is not necessarily in the forward direction, but it may be nearby.

This happens typically whenop >1.54. Most designs use the optimum value gy, =1, which does have a

maximum in the forward direction. With these caveats in mind, we define the normalized gain:

|\, E
g(ejw): U (67¢) :‘(I'FCOSQJ I(Vx70-a) O(Vy70-b)| (19)
Umax (67¢) 2 ‘ E(O’Ja)ﬁg)(o’ab) ‘

Similarly, the H- and E-plane gains corresponding to ¢= 0% and (0=900 are:
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The normalizing values F (O, Ua) and Fg (O, gy, ) are obtained from:



2 (1)

These have the limiting values for g, =0 and g5, =0:

1#(0,0) _16
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The mainlobe/sidelobe characteristics of the gain functions gp (9) and gp (9) depend essentially

Fy (o,o)\2 =4 (22)

on the two functions:

Fl (Vx 00 g )‘
Fl (O’Ua)

F .
oy ) [l

(23)

V. Numerical Results and Discussion
Fig.2 shows these functions for the following values of the c-parameters [7] [8] [3]:
o, =[0,1.2593,1.37,1.4749,1.54] and gy, =[0, 0.7375,1.0246,1.37,1.54]

The values g, =1.2593 and gy, =1.0246 are the optimum values that maximize the horn directivity
(they are close to the commonly used values of 0, =1.2247 and g, =1).
The valuesg,, =1.4749 and 0p =0,/2=0.7375 are the optimum values that achieve the highest

directivity for a waveguide and horn that have the same aspect ratioof 6 /a=B /4 =1/2.

Foro, =03, =0, the functions reduce to the sinc and double-sinc functions of (15). The value

0p, =1.37 was chosen because the function f (v :0p ) develops a plateau at the 3-dB level, making the

definition of the 3-dB width ambiguous.
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Fig. 2 Gain functions for different o -parameters

The value 0y =1.54 was chosen because f (v y-0b )exhibits a secondary maximum away from
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Yy =0 . This maximum becomes stronger as 0, is increased further.

For the optimum values 0, =1.2593 and gy, =1.0246, the main lobes become wider as g, and 0y
increase. The 3-dB band edges corresponding to the optimum o are found from v, =0.6928 and
vp =0.4737 , and are shown on the graphs.

The 3-dB width in angled can be determined from v, =(A / /])sinéh which  gives
approximately Ag, =(2va)(/] /A), the approximation being good for 4 >2A Thus, in radians and in
degrees; we obtain the H-plane and E-plane optimum 3-dB widths:
NG, = 1.38562— =79.39° %

24

Ay = 0.9474 2 = 54280 4
B B

The indicated angles must be replaced by 77.90°and 53.88° if the near optimum o are used
instead, that is, g, =1.2247 and gy, =1.
Because of the 3-dB plateau of f (v -0b )at or near 0y, =1.37, the band edge defines to be in the

middle of the plateau. Atgp, =137, the computed band edge is vy =0.9860, and is shown in Fig. 2.
The 3-dB band edges for the parameters g, =1.4749 and 0p =0,/2=0.7375 corresponding to

aspect ratio of 1/2 are v , =0.8402 (shown on the first graph) andvy =0.4499 .
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Fig.3 H- and E-plane gains for4 =44, B =34, and 0, =1.2593, gy, =1.0246.

Fig. 3 shows the H- and E-plane gains of a pyramidal horn with sides 4 =44 and B =34 and for
the optimum values of the o -parameters. The 3-dB angle widths were computed from (24) to be:

AB, =19.85°and AB, =18.09°

The graphs show also a 3-dB gain circle as it intersects the gain curves at the 3-dB angles, which

are AHa/Z andAHb /2.

V1. Conclusion

In this paper, a study of the optimum of pyramidal horn antennas directivity is presented and
developed by using the Fresnel Integral method.

The optimum values of the c-parameters: found that maximize the horn directivity are close to the
commonly used values. Moreover, one has to determine the optimum values that achieve the highest

directivity for a waveguide and horn that have the same aspect ratio.
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