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Abstract. By comparison, the effective area Ar of the receiving antenna in the form of the WR-90 
waveguide open end in the frequency band 8–12 GHz was determined. An antenna in the form of an 
open end of a waveguide with a square flange and a pyramidal horn antenna were used as reference. It 
is shown that the main reason for the resonant nature of the frequency dependence of Ar is reflections 
from the flange of the receiving antenna. In the work, it was possible to clarify the previously obtained 
values of Ar. 
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1. Introduction 

High-power microwave sources radiate electromagnetic pulses in the centimeter and millimeter 
wavelength ranges of nanosecond duration with a power of ~ 108–109 W [1, 2]. The complexity of 
measuring the parameters of such microwave pulses is due to: high power level; short duration of the 
radiation pulse; strong electromagnetic interference created by the switching elements of high-power 
microwave sources. The measured parameters of the sources include the amplitude, time and energy 
characteristics of microwave radiation, the radiation pattern and the spectrum. 

To register energy in a powerful microwave pulse, calorimetric measurements are used [3] or a 
directional coupler located on the output horn of the microwave generator. In the second case, it is 
also possible to obtain the dependence of the generator power over the pulse duration. However, 
parameters such as the radiation pattern and polarization characteristics of the radiation can only be 
obtained using antenna measurements. In some studies, the authors try to perform all these 
measurements in parallel [4]. The thermionic tube diode 6D16D can be used as a detector to register 
microwave frequencies of centimeter wavelength ranges of gigawatt power level. The sensors consist 
of a receiving antenna, a waveguide path and a detector section. An open waveguide segment and 
dipole antennas are usually used as receiving antennas [5], although other options such as a dielectric 
conical antenna [6] or electric field sensors (D-dot) can be used [7]. With the known sensitivity of the 
detector, the distance of the sensor from the radiating horn r and the expected power flux density at 
the receiving point, it is possible to adjust the power coming to the detector only by selecting the 
effective area of the receiving antenna Ar. Creating of receiving waveguide antennas with the required 
Ar and the measurement of this parameter in numerical and physical experiments are the purpose of 
this work. 
 
2. Theory 

The receiving antenna Ar was measured using the comparison method (two-antenna method). 
This technique involves comparing the Ar of the antenna under study and Ar0 of the reference antenna. 
The parameters of the reference antenna, if not known before, are measured in the two identical 
antennas scheme. At the wavelength  the antenna insertion loss from one antenna to the other Pr/Pt 
is measured, where Pr is the power at the output of the receiving antenna and Pt is the power at the 
input to the transmitting antenna. The antennas in the measurement process are located on the same 
axis and face each other with their apertures facing each other. 

The distance between the antenna apertures is R. In addition, the antennas are polarization-
matched. In this case, the Friis transmission equation can be written as: 
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here Gr, Gt – gain coefficients of receiving and transmitting antennas. Equation (1) can also be written 
for the effective area (aperture): 

  
ೝ


= 𝐴𝐴௧ ∙ ቀ

ଵ

ோఒ
ቁ
ଶ

, (2) 

here Ar, At – are the effective areas of the receiving and transmitting antennas. Equations (1, 2) are 
correctly fulfilled for the far field distance between the antennas: 
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here D is the largest size of any of the antennas.  
The effective area of the reference antenna can be found from equation (2) as follows: 

 𝐴 = 𝑅𝜆ට
ೝ


. (4) 

The effective area of the antenna under the test is found by (2), having previously found Ar0 by 
(4). 
 
3. Measurement results 

As reference antennas we used the open end of WR-90 waveguide with flange 4242 mm2 (Fig.1, 
position 1) and a pyramidal horn with aperture 7092 mm2 (Fig. 1, position 2). The height of the horn 
along its axis is 60 mm. Fig. 2 shows the VSWR dependences on frequency for the two antennas in 
the form of an open end of a waveguide with a flange, and Fig. 3 VSWR for two pyramidal horns. 
As can be seen from the above dependencies with high accuracy antennas can be considered identical. 
The disadvantage of the open end of the waveguide, as it follows from Fig. 2 is a higher VSWR and, 
consequently, less radiated power. If we take into account that the pattern of that antenna is 
significantly wider than the pattern of the horn antenna, it becomes clear that the power flux density 
created by it in the area of the receiving antenna will be significantly less than the horn. However, the 
open end of the waveguide with a flange has an advantage – the phase center of such an antenna lies 
in the aperture plane and R in (4) is determined unambiguously. 

Fig. 4 shows the experimental and simulated dependences of Ar0 for the antenna in the form of 
an open end waveguide with a flange on frequency for R = 25 cm. In the experiment, the dependence 
of Pr/Pt on frequency was found using an Agilent N5227A network analyzer (provided by shared use 
center of Tomsk Scientific Center SB RAS) and Ar0(f) was calculated using formula (4). Simulations 
were performed in CST Studio for the same antenna geometry and measurement scheme. Fig.4 shows 
a good agreement between the simulation and measurement results. The measurements and 
simulations of Ar0(f) were also performed for distances R = 10, 75 and 100 cm. As a result, it is 
obtained that for R ≥ 25 cm, Ar0(f) changes weakly with increasing R. This indicates that the far zone 
of the transmitter has been reached. Note that formula (3) gives the calculated value of the far zone R 
> 24 cm (for the smallest wavelength  corresponding to the frequency 12 GHz).  

Fig. 5 shows the experimental dependences of Ar0(f)  for the horn antenna on frequency for 
distances R = 25, 75, 100, 125, and 150 cm. Formula (3) gives the calculated far-field value R > 102 
cm for the smallest wavelength  corresponding to the frequency 12 GHz. As can be seen from Fig. 
5, the value of Ar0(f) increases with increasing R. This behavior of dependencies can be explained by 
the fact that the distance R used in the calculation of Ar0(f)  is the distance between the apertures of 
horn antennas, not between their phase centers. The phase centers of horn antennas are located on the 
axis in the direction from the aperture to the input (output) of the horn and are different for H- and E-
planes. We will take a point on the axis with the averaged longitudinal coordinate found for H- and 
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E-planes as phase center of the horn [8]. The dependence of Ar0(f)  of the horn antenna on frequency, 
taking into account the distance to the phase centers , is also presented in Fig. 5. 

Knowing Ar0 it is possible to find Ar of the investigated antenna as the open end of the waveguide. 
The experimental dependences Ar(f) are presented in Fig. 6. The transmitting antenna was an antenna 
in the form of an open end of the waveguide with a flange. Three receiving antennas with distances 
from the receiving open end to the flange d = 9.6, 12.9 and 26 cm were investigated. The resulting 
dependences have a resonant character, determined both by the standing wave between the 
transmitting and receiving antennas, and by the wave between the inputs of the receiving antennas 
and their flanges. As can be seen from Fig. 6, the amplitude of the resonances decreases rapidly with 
increasing d, hence the second mechanism plays a major role in the resonant character of the curves 
in Fig. 6. In Fig. 6 also shows the Ar(f) dependence obtained with a transmitting horn antenna (d = 
9.6 cm for receiving antenna). The data obtained with the two transmitting antennas practically 
coincide. In addition, Fig. 6 presents the calculated dependence Ar(f) obtained in the numerical 
experiment in the CST STUDIO. Here, the role of the transmitting antenna was the open end of the 
waveguide with a flange. The receiving antenna was the open end of the waveguide without a flange. 

To keep compact dimensions of the receiving antenna and to get rid of the resonance dependence 
Ar(f) it is possible to place a rubber absorber on the wide walls of the waveguide (Fig. 1, position 3). 
Completely filled with this rubber section of the waveguide length of 10 cm gives an attenuation of 
21 dB at a frequency of 9 GHz. In Fig. 7 shows the dependences Ar(f) for a compact receiving antenna 
(d = 9.6 cm) with an external absorber obtained with the help of transmitting antennas in the form of 
an open end of the waveguide with a flange and a horn. The dependences Ar(f) obtained in the CST 
STUDIO environment (similar to Fig. 6) and Ar(f) obtained in [5] for the same receiving antenna are 
also given here. As can be seen from the above dependences, we managed to obtain a smooth 
dependence Ar(f) for a compact receiving antenna in the form of an open end of the waveguide and 
significantly improve the result [5]. To reduce the standing wave in the waveguide of the microwave 
sensor, a set of attenuators installed along the narrow wall of the waveguide with S21 in the range of 
10 - 25 dB are fabricated. By selecting the internal attenuator, the power flux density to the microwave 
lamp can be additionally adjusted. 
 

 
Fig. 1. Antenna in the form of open waveguide end with flange, horn antenna and antenna in the form of open 

waveguide end with flange and absorbing overlays on the wide walls of the waveguide. 

1 

2 
3 

 Yu.A. Andreev et al. 

 
 

  

 308



8 9 10 11 12
1,45

1,50

1,55

1,60

1,65

1,70

1,75

V
S

W
R

f (GHz)

 Antenna 1
 Antenna 2

 
8 9 10 11 12

1.05

1.10

1.15

1.20

1.25

1.30

1.35

V
S

W
R

f (GHz)

 horn 1
 horn 2

 
Fig. 2. VSWR dependence for antennas in the form of 

an open end of a waveguide with a flange on 
frequency. 

Fig. 3. VSWR dependence of pyramidal horn antennas 
on frequency. 
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Fig. 4. Experimental and simulated dependences of the 
effective area of the open end of the flanged waveguide 

on frequency, measured for R = 25 cm. 

Fig. 5. Experimental dependences of the effective area of 
the horn on frequency measured for R = 25, 50, 75, 100, 

125 and 150 cm. 
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Fig. 6. Experimental dependences of the effective 
area of the open end of the waveguide on frequency 
and calculated dependence obtained in CST Studio. 

Fig. 7. Experimental Ar(f) dependences for the open end 
of the waveguide with absorbing overlays and the 

calculated dependence for the waveguide obtained in 
CST Studio. 
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4. Conclusion  
In numerical and real experiment measurements of the effective area of the receiving antenna Ar 

in the form of the open end of the WR-90 waveguide are carried out. The importance of considering 
the position of the phase center of the horn antenna in finding the Ar of the antenna under study is 
shown. These antennas have Ar  3.1 cm2 in the frequency band 9–10 GHz, which allows to use them 
for registration of powerful microwave pulses. In addition to changing the distance from the source, 
the power flux density to the detector of the receiving antenna can be adjusted by fixed attenuators 
installed in the waveguide close to its narrow wall. A set of such attenuators with S21 in the range of 
10–25 dB is made. 
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