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Abstract— This work presents an approach to obtain the
time-domain electric far field radiated by classical
omnidirectional dual-reflector antennas fed by a TEM coaxial
horn. The time-domain formulation is developed by means of
analytical inversion of the corresponding frequency domain
solution obtained using geometrical optics (GO) principles and
the aperture method.

Index Terms—Reflector antennas, omnidirectional dual-
reflector antennas, time-domain analysis..

l. INTRODUCTION

Communication services are constantly requiring higher
data rates, which drives interest in the development of
systems that operates at higher frequencies [1].
Omnidirectional dual-reflector antennas, which are capable
of operating in microwave and millimeter wave bands with
compact designs, have been extensively investigated and
analyzed in frequency-domain (FD) [1]-[4]. For example,
the electromagnetic performance of omnidirectional dual-
reflector antennas in millimeter waves was studied in [1].
However, for large operation bandwidths, it may be
impractical to perform the transient analysis of
electromagnetic fields radiated by reflector antennas in the
FD [5]. Several formulations intended to obtain the radiated
fields in the time-domain (TD) have been presented, but only
single-reflector antennas were considered in them [5]-[7].

In this paper, a formulation to obtain the electric far field
radiated by classical omnidirectional dual-reflector antennas
in TD is developed. These antennas are composed of two
circularly symmetric reflectors generated by axis-displaced
conic sections [2]. Initially, the radiated field in FD is
derived using geometrical optics (GO) principles and the
aperture method. Later, by applying an inverse Fourier
transform, the TD electric field step response is obtained.
The feed utilized is a transverse electromagnetic (TEM)
coaxial horn that yields an azimuthally-uniform coverage
with vertical polarization [3]. At the end, a brief case study
and some conclusions are presented.

II.  FORMULATION

In this work, it is adopted the design procedure of
classical omnidirectional dual-reflector antennas with an
arbitrary main-beam direction in the elevation plane
discussed in [2]. As presented in [2] and [3], such antennas

are classified in  four different  configurations:
ominidirectional  axis-displaced  Cassegrain  (OADC),
Gregorian (OADG), ellipse (OADE) and hyperbola
(OADH). Fig. 1 illustrates the OADE configuration and Fig.
2 shows the main geometric parameters for an OADC
configuration (the parameters for other configurations are
defined similarly) [4].

A. Frequency-Domain Fields

The TEM spherical radiation emitted from the principal
focus (O) of the antenna can be described as [3]

Er (f,0) = [F(05)0r +P (0 )0 | rc N
F

where c is the free-space speed of light and (rF O, & ) are

the standard spherical coordinates locating the subreflector
point S (see Fig. 2).

Following GO principles, after the two reflections, the
GO field at the conical aperture point A can be represented as

(3] [4]
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where £ = 1(= 1) for the OADC and OADE (OADG and
OADH), Z, is the free-space impedance, € is the constant
path length from O to A, Ago is the GO attenuation factor,
and

Py =Cosyp—sin yi,

oy =9¢.

(4)

The electric far field radiated by the antenna in free-space
can be approximated as [8]
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Fig. 1. OADE configuration [4].
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in which i, is the normal vector to the aperture, pa is the

distance from A to the symmetry axis, z, and Xy, are the z
and xya-coordinates of A, respectively.

Substituting (6) - (9) into (5) and rewriting it according to
(6, 0F) parameters, we find
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Fig. 2. Geometrical parameters [4].
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where J =|dXy, /dOg| and E; and Ej are the components of

E , in the directions p,, and ¢,, , respectively.

In the present work, the adopted feed is a TEM coaxial
horn with external and internal radii R, and R;, respectively,
whose model is given by [3]:

[ Jo(@R;sinOg /c)—Jo (@R, sin6 /c) ]
SinOg ' (12)
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Thus, (10) and (11) become
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and
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B. Time-Domain Fields

In order to obtain the time domain radiated field, it can be
applied to its frequency domain equation an inverse Fourier
transform defined as [9]

E(F,t)zf‘l[E(F,m)]:%J‘:E(F,m)ej“‘dm 17)

Using the convolution theorem [9], the time-domain
electric field step response is given by
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Performing the convolution of (19) and (20) and
substituting the result into (18), we finally have
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I1l.  CASE STUDY

Using the formulation discussed in Section II, the TD
electric far field radiated by an OADE antenna was
calculated and preliminary numerical results are presented
here. The antenna geometry is depicted in Fig. 3 and it was
established with y = 102°, W, = 10X, Dy = 244, Vs = 9.77A,
Dg = 2.4\ and Zg = 0, where A = 0.1 m. Also, the coaxial
horn parameters are: R,=1.17A and R, = 0.3\

Fig. 4 presents the magnitude of the step response for an
observer located at r = 5000m, 6 = 102° and ¢ = 0°. In Fig. 3
and Fig. 4, the results were obtained considering the observer
located at 6 = 112° and 6 = 122°, respectively.

IV. CONCLUSIONS

A formulation to obtain the TD electric field step
response from classical omnidirectional dual-reflector
antennas fed by a TEM coaxial horn was developed. The
response due to an arbitrary excitation can be obtained by
performing a temporal convolution with the step response. In
addition, the procedure used here can be extended to
establish the TD radiated field from omnidirectional dual-
reflector antennas supplied by any feeders.
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Fig. 3. OADE antenna draw of the case study.
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Fig. 5. Magnitude of the electric field step response at observation point
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Fig. 6. Magnitude of the electric field step response at observation point

%107

16.75

16.8

16.85

0.4}

02

.

16.55

16.6

16.65

16.7
Time (ps)

located at r = 5000m, 6 = 122° and ¢ = 0°.

16.75

16.8

16.85

[1]

[2]

[3]

[4]

[5]

[6]

[’

(8]
[9]

ACKNOWLEDGMENT
This work was partially supported by CAPES.

REFERENCES

Rafael A. Penchel, Sandro R. Zang, José R. Bergmann, and Fernando
J. S. Moreira, “Omnidirectional Dual-Reflector Antennas for High
Directivity over Wideband in Millimeter Waves,” 11th European
Conference on Antennas and Propagation (EuCAP 2017), Paris,
France, pp. 2113—2117, April 2017.

Fernando J. S. Moreira and José R. Bergmann, “Axis-Displaced Dual-
Reflector Antennas for Omnidirectional Coverage with Arbitrary
Main-Beam Direction in the Elevation Plane,” IEEE Transactions on
Antennas and Propagation, vol. 54, no. 10, pp. 2854—2861, Oct.
2006.

Fernando J. S. Moreira and José R. Bergmann, “Classical Axis-
Displaced Dual-Reflector Antennas for Omnidirectional Coverage,”
IEEE Transactions on Antennas and Propagation, vol. 53, no. 9, pp.
2799—2808, Sept. 2005.

Fernando J. S. Moreira and José R. Bergmann, “GO Aperture Field of
Omnidirectional Axis-Displaced Dual-Reflector Antennas,” 2007
IEEE AP-S International Symposium on Antennas and Propagation,
Honolulu, HI, USA, pp. 5167—5170, June 2007.

Céssio G. Rego, “Closed-form solution for integral operators applied
to the calculation of radiated fields from paraolic reflector antennas,”
IEEE MTTS International Mricrowave & Optoelectronics Conference
(IMOC), 2009.

H-T. Chou, P. H. Pathak, and P. R. Rousseau, “Analytical solution for
early-time transient radiation from pulse-excited parabolic reflector
antennas,” IEEE Transactions on Antennas and Propagation, vol. 45,
no. 5, pp. 829-836, May 1997.

Stefania S. Faria, Cassio G. Rego, and Fernando J. S. Moreira,
“Integral Operators Formulation for Transient Radiation from
Parabolic Antennas Using Modified Raised Cosine Feeder,” 2017
International Applied Computational Electromagnetics Society
Symposium (ACES 2017), Firenze, Italia, April 2017.

S. Silver, Ed., Microwave Antenna Theory and Design, New York:
Mc-Graw Hill, 1949.

R.N. Bracewell, The Fourier Transform and its Applications, third
edition, New York: McGraw-Hill, 2000.



