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Abstract 

The linear polarized rectangular horn antenna with decreased effective scattering area 

construction is offered. The method of the horn antenna excitation by the longitudinal 

slot is proposed. Reduction of the effective scattering area is achieved by absorption of 

the higher wave modes excited by a falling wave. 
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1. PROBLEM DEFINITION 

1.1. RESEARCH ACTUALITY 

The linear polarized horn antennas are required for 

solving the several tasks of radio-location, radio moni-

toring and communication. Advantages of such anten-

nas are low level of lateral and back radiations, ability 

to provide the good direction and gain properties and 

concordance with a feed-in line in the frequency range 

with a few times covering [1]. However such aperture 

antennas are considered to posses high values of effec-

tive scattering area up to hundreds of square meters [2, 

3]. It causes the signal energy loses when antenna 

works in receiving mode and degrades electromagnetic 

compatibility of then radio electronic devices. Thus the 

researches of decreasing the horn antennas effective 

scattering area present the actual scientific problem. 

1.2. BACKGROUND OF THE RESEARCH 

The sources of reradiated electromagnetic field of the 

horn antennas are [1-5]: 

 Surface electric currents flowing on antenna edges, 

internal and external surfaces; 

 The dominant mode wave reflected by horn aper-

ture, mouth and feeding facilities; 

 The higher order waves reflected by out-of-limit 

cross sections in horn aperture and feeding wave-

guide; 

These sources determine the ways of the horn antennas 

effective scattering area reduction. Now the most ef-

forts are performed to removal the influence of the first 

two sources [2, 5]. But the influence of the higher order 

waves is more considerable in wideband horn antennas 

[6]. There are no designed horn antennas to minimize 

the influence of the dominant mode waves and higher 

order waves reflected by out-of-limit cross sections in 

horn aperture and feeding waveguide simultaneously. 

1.3. AIMS AND TASKS OF THE RESEARCH 

The basic aim of present work is to design a linear po-

larized rectangular horn antenna with decreased effec-

tive scattering area. 

The tasks of the work are: 

 The substantiation and description of the developed 

excitation method and designed feeding facility; 

 Explanation of the basic functioning principles; 

 Formulation of antenna excitation analysis methods. 

The basic scientific results of this work are experi-

mentally confirmed. 

2. SOLVING OF THE PROBLEM 

The higher order waves reflection in horn antenna is 

caused of out-of-limit cross sections existence and 

mismatching of feeding line for this wave modes [6]. 

One of the possible ways to minimize the higher order 

waves influence is to absorb its energy into the 

matched load. This way is also preferred to ensure bet-

ter matching with the feeder. 

2.1. THE HORN ANTENNA AND EXCITATION 

FACILITY DESIGN 

The linear polarized rectangular horn antennas with 

decreased effective scattering area preliminary drafts 

are shown in Fig. 1. Antenna is created on the base of 

extending rectangular waveguide which sizes are cho-

sen for feeding coaxial line concordance and the one-

mode wave propagation achievement in examined fre-

quency range. 

The novel type of feeding facility is developed and 

described below. The feeding facility is based on the 

principles of directed coupler of the dominant wave 

mode. The higher wave modes are not to be coupled 

but terminated by matched load. Thus the frequency 

band of the horn antenna is determined by the frequen-

cy band of the directed coupler. The working frequency 
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band of the effective scattering area minimization de-

termines of the horn dimensions and matched load pa-

rameters and can bee grater then the working frequency 

band of antenna. 

Rectangular aperture 1 of horn antenna appears as 

extending rectangular waveguide 2. Aperture sizes cor-

respond to provide required directional and gain cha-

racteristics over whole frequency range. The 

rectangular waveguide 2 contains the longitudinal di-

electric plate 3 fastened vertically for vertical linear 

polarization of the electromagnetic wave. The lateral 

wall of the rectangular waveguide 2 contains the longi-

tudinal thin slot 4 as shown in Fig. 1 a). The slot 4 is 

loaded to coaxial feeding line 5 which is intended for 

the output of electromagnetic energy of the dominant 

wave mode. Thus the directed coupler is formed by the 

waveguide-slot-coaxial combination. The energy of 

other higher wave modes excited in the torn is taken in 

a matched load 6 which terminates the rectangular wa-

veguide 2. The dielectric plate 3 is intended to equalize 

the phase speeds of the horn mouth rectangular wave-

guide 2 and the longitudinal slot 4. 

The dominant wave mode energy is passed to the 

feeding line and the higher wave modes energy is taken 

in a concerted load with minimal influence on total 

effective scattering area of horn antenna and feeder 

mismatching. 

2.2. ANTENNA CALCULATIONS 

When designing the following antenna excitation facili-

ty dimensions are to be taken: 

 The rectangular waveguide 2 and the slot 4 length 

are much more then the wavelength; 

 The slot 4 width is much less then the wavelength; 

 The influence of matched load 6 is negligibly small; 

Thus the width of dielectric plate 3 is the main parame-

ter to be determined for the horn antenna calculation. 

The width of dielectric plate 3 could be calculated by 

solving the dispersion equation for cross section of 

dielectrically filled rectangular waveguide [7]: 
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where ky1 and ky2 – the y-axe propagation constants for 

regions "1" and "2" of feeding rectangular waveguide 

2, a1 – half of dielectric plate width and a2 – width of 

unfilled part of waveguide according to Fig. 2 b). 

The dispersion equations for environments "1" and 

"2" are to be represented separately as follows: 
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Where 
1k  and 

2k  – propagation constant for envi-

ronments "1" and "2" respectively. 

If 
11 zkk   the (1) could be represented as follows: 
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After taking to account t = 2a/λ and a1 = a(1-a2/a) 

the transcendental equation for a2 is: 
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Fig. 2 represents the calculation results according to 

(4). 

For this antenna the scattering characteristics calcu-

lations were performed. As shown in [8, 9] the effec-
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Fig. 1.  Linear polarized rectangular horn antenna with decreased effective scattering area construction general 

view (a) and feeding waveguide cross section (b) 
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tive scattering area influence on antenna efficiency 

could be estimated by following parameter called as 

relative efficiency: 
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where Geff – total antenna efficiency and σΣ – effective 

scattering area. Fig. 3 represents the calculated and 

experimental data [10] for the developed horn antenna 

and the simple horn. As expected the developed horn 

antenna type provides decreased effective scattering 

area that respond to increase the relative efficiency 

about 2-6 dB. 

3. CONCLUSION 

The construction of the linear polarized horn anten-

nas with minimized effective scattering area is offered. 

The method of the horn antenna excitation by the longi-

tudinal slot is proposed. Diminishing of effective scat-

tering area is achieved by absorption of the higher 

wave modes excited by a falling wave. The developed 

horn antenna type provides decreased effective scatter-

ing area about 2-6 dB 

REFERENCES 

1. Bebebson A. S., Feld Y. N. Scattering of electro-

magnetic waves by antennas. – Radiogenic and 

Electronics, 1988, No. 2, P. 225-245. 

2. Voskresenski D. I. The effective scattering area of 

highly directed antennas and antenna arrays. Mos-

cow: IRE AN, 1989. P. 117-125. 

3. Astahov V. Diffraction of the electromagnetic 

waves on the horn antennas. LETI, 1981. No. 297, 

P. 23-28. 

4. David M. Pozar. Microwave engineering. 2-nd edi-

tion. University of Massachusetts. – 1998.  

5. Michailov G. D. Scattering of the electromagnetic 

waves. Taganrog, TRTI, 1983, No.4, P.12-14. 

6. Manoilov V., Pavluk V. The horn antennas effective 

scattering area. Zhytomir, National Technical Uni-

versity. 2006, No.2(41), P. 74-80. 

7. Alekseev V. S., Lavrenko K. F. Coupling of elec-

tromagnetic waves in the slotted waveguides. LETI, 

1979. No. 245, P. 7-12. 

8. Maisels E., Torgovanov V. Scattering measure-

ments of radiolocation targets. Moscow: Radio i 

Svyaz’, 1972, 220 p. 

9. Panychev S., Solomin E. Antennas scattering influ-

ence on antennas nearfield measurement accuracy. 

Measurement technique. 1995, No.5, P, 37-42. 

10. Gladyshev A. Antennas scattering influence on the 

radio electronic systems efficiency. Measurement 

technique. 1995, No.2, P, 48-50. 

0

0,02

0,04

0,06

0,08

0,1

0,12

1 1,1 1,2 1,3 1,4 1,5 1,6t 

a2/a 

calculations 

experiment 

   

-32

-30

-28

-26

-24

-22

-20

8 10 12 14 16 18 20

 

D/λ 

E, dB 

calculations 

experiment 

simple horn 

 

Fig. 2.  Graphical representation for calculation the 

dielectric plate 3 width a2 

Fig. 3.  Linear polarized rectangular horn antenna with 

decreased effective scattering area construc-

tion 


