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Abstract

New scope for a hollow dielectric beamguide (HDB) such as a facility for scale modeling of
polarization scattering characteristics of radar objects in submillimeter wave band is presented. Radar
cross sections of rea targets at various polarizations is analyzed by scale modeling using measuring
installation developed on the base of acircular HDB.

1. Introduction

Hollow didectric beamguide (HDB) was initially proposed as atransmission line for optics [1].
Subsequently, the HDB was modified [2]-[3] and used by us as a base quasi-optical transmission line
for the development of the complete set of short-millimeter and submillimeter wave circuit elements
(Fig.1). The set gives a posshility to develop measuring devices and systems for radar,
communications, radiometry, and so on. An example of such application is the multi-channel
interferometers-polarimeters for the Tokamak controlled nuclear fusion machines[4].

HDB is a hollow waveguide channel in a "boundless' dielectric (usually having circular or
square cross-section) whose cross-section characteristic size, D, is large compared with the
wavelength, A, (D/A>10) and the dielectric constant of the medium filling this waveguide

channel is smaller than that of the outer medium. In reality, a dielectric tube plays the role of such
a“boundless’ dielectric. The tube is made of a dielectric material having arelatively large |oss tangent
and sufficiently large thickness, so that the wave, which passes through the HDB inner channel
boundary, reaches the second (outer) boundary of the dielectric tube with a significant attenuation. To
increase the mode filtering, the inner surface of HDB channel is contoured as for example in the
ribbed form [2].

We proposed the quasi-optical waveguide modeling (QWM) method for study of scattering
characteristics of physical objects [5]-[6]. This method was realized with the aid of a micro-compact
range (MCR) [7]. In the method, atest object (or scale model) is placed into the HDB, and waveguide

parameters of the fundamental mode HE,; (S-parameters) determining the scattering by the object are

measured. These parameters definite in a quite manner the scattering characteristics of the same object,
as for instance radar cross section (RCYS), illuminated by a uniform plane wave in free-space. The
comparison of experimental RCS patterns for standard objects, such as a sphere, cylinder, rectangular
plate, with corresponding theoretica data confirmed a possibility to use the proposed method as
aternative to expansive and complicated compact ranges which are usually applied to study the
reflectivity of ared target by scale modeling.
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Here electromagnetic parameters of the HDB that are necessary to design the MCR for scale
modeling of polarization scattering characteristics of radar objects in submillimeter wave band are
given. In addition, data measured from a scale model of the real target are presented.

2. Micro-Compact Range

Using both mode and ray representations of electromagnetic field in the HDB [8] we
theoretically determined an area of the cylindrica shape inside the guiding channel where
electromagnetic field can be characterized by a linearly polarized plane wave. Under certain
conditions this area can be used as a quiet zone for polarization measurements in the MCR. If the

HE,, mode is excited in the HDB, there are maximum sizes of this zone. We obtained simplified

expressions connecting geometric sizes of a quiet zone with geometric, mode, and electrical
characteristics of the circular HDB. In particular, the diameter d and length | of the quiet zone can be
evaluated by the following formulas:

d =028 -DyAA | &)
| =~ 0.1- D(D/A)2AA, Re{ 2Ve J @

where AA, stands for the maximum acceptable value of the radia error in the field amplitude of

HE,, mode at the edge of the quiet zone (in dB); AA; is the maximum acceptable value of the
amplitude variation in the axial direction within the quiet zone ; € is the effective permittivity of the
inner boundary for the guiding channel of the HDB. In practice, AA, = AA; = AA and ¢ is between
limits 1.1 and 2.3. Fig.2 demonstrates the measurement cell of a MCR implementing the QWM
method. The MCR was developed on the base of the circular ribbed HDB with D =40mm and
€=1.15.

3. Measurement Data

Using the MCR we obtained experimental patterns of monostatic RCS for a number of
standard objets at the horizontal (HH) polarization and the vertical (VV) polarization. These results are
in a good agreement with corresponding theoretical data (calculated by the method of Physical Theory
of Diffraction developed by P.Y.Ufimtsev [9]) for scattering of the uniform plane wave by the same
objects in free space. As an illustration, Fig.3 demonstrates theoretical and measured monostatic RCS
for the circular metal cylinder.

As an example of acomplicated target, we studied polarization characteristics of the model of
the aircraft like SR71. This model was fabricated of metal coated by a plastic layer with the fuselage
length of 28mm (7A.), span wing of 16mm (4A ), and two vertical stabilizers of 4mm (). The
calibration procedure was performed by the metal sphere with diameter 11mm. Fig.4 presents
experimental patterns of monostatic RCS for the aircraft model at HH and VV polarizations. Level in
0dB for both cases corresponds 1cm?® of RCS.

Study of scale models monostatic RCS of real objects measured at various polarizations gives a
possibility to detect characteristic properties of these objects which can be used as necessary
information for classification and recognition of radar targets. For instance, in Fig.4b we can see the

sharp burst of RCS at angles 6 = 0" that is caused, obviously, by a resonance of the verticaly
polarized wave scattered by the stabilizers when the aircraft isilluminated from the tail.

4. Conclusion

Thus our investigations have confirmed the possibility to use a HDB for modeling of
polarization scattering characteristics for radar targets by QWM in submillimeter and short-millimeter
wave bands.



References

1

E.A.J. Marcatili and R.A. Schmeltzer, "Hollow Metallic and Dielectric Waveguides for Long
Distance Optica Transmission and Lasers,” Bell System Tech. J., val.43, no.7, pp.1783-1809, July
1964.

A.N. Ahiyezer, A.l. Goroshko, B.N. Knyaz kov, Ye.M. Kuleshov, et al, "Hollow Dielectric
Beamguide of the Submillimeter Wave Range," Patent of USSR, no.302054, 1971, priority date
11.28.1969 (in Russian).

A.l. Goroshko and Y.M. Kuleshov, “Investigation of a Hollow Dielectric Beamguide in the
Millimeter and Submillimeter Wave Bands,” Radiotekhnika, Kharkov: Kharkov State University
Press, no.21, pp.215-219, 1972 (In Russian).

YuYu. Kamenev, V.K. Kisdiov, YeM. Kuleshov a a., "Submm Laser Interferometer-
Polarimeter for Plasma Diagnostic,” Pros. SPIE, vol. 2250, pp. 326-328, 1994.

V K. Kisdliov and T.M. Kushta, “Method for Radar Cross Section Measurements in Millimeter
and Submillimeter Wave Regions,” Int. J. Infrared & Millimeter Waves, val. 16, no. 6, pp. 1159-
1165, June 1995.

V. Kisdliov, T. Kushta, and P. Nesterov, "Quasi-Optical Waveguide Modeling Method and Micro-
Compact Scattering Range for the Millimeter and Submillimeter Wave Bands," |EEE Trans.
Antennas and Propagat., 2000 (to be published).

V.K. Kisdliov and T.M. Kushta, “Principles of a New Compact Range Technique for the
Submillimeter Wave Region”, in Proc. 19" Meeting & Symposium AMTA'97, Boston,
Massachusetts, pp.524-528, 1997.

V.K. Kisdliov and T.M. Kushta, “Ray representation of the electromagnetic field in a
circular hollow dielectric waveguide used as a facility for scattering measurements,” |EEE
Trans. Antennas Propagat., vol.46, pp.1116-1117, July 1998.

P.Y .Ufimtsev, Method of Edge Waves in the Physical Theory of Diffraction. Air Force Systems
Command, Foreign Tech. Div. Document FTD-HC-23-259-71, 1971. (Trandation from the
Russian version published by Soviet Radio Publication House, M oscow, 1962).

Fig.1. Set of quasi-optical elements on the base
of thecircular H'D'B for the short-millimeter the base of the circular ribbed HDB with
and submillimeter wave bands. D = 40mm

Fig.2. Measurement cell in the MCR made on
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Fig.3. Normalized RCS patterns of the metal circular cylinder with 7mm diameter and
10mm length measured in the HDB of D=40mm at F=75GHz for HH-polarization (a)
and VV-polarization (b).
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Fig.4. Normalized RCS patterns of the aircraft scale model measured in the HDB of D=40mm at
F=75GHzfor HH-polarization (a) and VV-polarization (b).



