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1. Introduction

Increasing the yield and sugar content of sugar beet root 
crops is considered the main direction of agricultural pro-
duction [1–3]. Traditional ways to increase the yield of sugar 
beet are associated with the use of high agricultural technol-
ogy, the use of fertilizers, irrigation, chemical and biological 
means of protection, and achievements of genetics and bio-
technology. It is not possible to fully implement the listed 
means to increase the yield and sugar content of sugar beet 
root crops due to their complexity and energy intensity, the 
complexity of application, and environmental safety [4–6].

Studies on the effect of high-frequency (HF), ultra-high 
frequency (UHF), and super-high frequency (SHF) EMF 
on seeds of different crops show that they, under certain 
energy-information parameters of EMF, can increase germi-
nation and germination energy by up to 30 %. Plants grown 
from processed seeds of UHF and SHF ranges of EMF 
sprout a few days earlier than the control, have an advantage 

in vegetative mass and yield up to 30–40 %; substandard 
seeds reach the level of conditioned [7, 8].

To obtain useful changes in a biological object, it is nec-
essary to find such a structure of external EMF (frequency, 
power, exposure, polarization), which would lead to the 
desired effect [9, 10]. For example, increasing yields and 
breeding new varieties of grain and vegetable crops, treating 
animals, combating harmful insects in agriculture [11, 12].

New research confirms the concept of the wave nature 
of gene information transmission [13, 14]. The simplest 
model of a cell membrane is a combination of a large number 
of elementary auto generators (oscillators) that are inter-
connected. Within each group, individual auto generators 
either oscillate independently of each other or are mutually 
synchronized. This is possible if the connection between 
them is weak, and the alignment of their natural frequencies 
is too large.

A characteristic feature of the phenomenon of synchroni-
zation of self-oscillations is the low power required for syn-
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rate case, the length of the slits is λ/2 (λ is the wavelength in 
free space), and their width d1=(0.05...0.1)λ. It is clear then 
that the use of this type of antenna in the wavelength range 
<7 mm is quite problematic. The cross section of the sin-
gle-mode waveguide rectangle in this range is 3.6×1.8 mm. 
The disadvantage of wave-slit, as well as banded antennas, 
are rather limited range properties. When the frequency 
changes in such antennas, DD deviates in space from a giv-
en direction [29], which is accompanied by a change in its 
width while the alignment of the antenna with the supply 
waveguide also changes.

The use of surface wave antennas [27] will avoid the 
above disadvantages. This class includes antennas with a 
slow phase velocity (Vp<c). Antennas of this type are distin-
guished by the structure that slows down the phase speed. A 
distinctive feature of a wave with Vp<c is a decrease in the 
amplitude of the wave field at a distance from the slow-down 
structure according to the exponential law. Moreover, the 
rate of decrease is greater, the greater the deceleration of 
the wave.

Therefore, a characteristic feature of such antennas 
is their small transverse dimensions. As flat deceleration 
systems, comb structures and structures are used in the 
form of a thin layer of dielectric on a metal substrate. If we 
consider the comb as a decelerating structure, then the fol-
lowing conditions must be met for it: the period D<0.1λ; the 
depth of the grooves h must be less than λ/4. From here it 
becomes clear what geometric dimensions the comb should 
have in the four-millimeter wavelength range and what is 
the expected cost of its manufacture. On the other hand, it 
is necessary to ensure the effective excitation of the decel-
erating structure without the appearance of higher types of 
waves and reflections. This is a complex technical task. The 
disadvantages of surface wave antennas include relatively 
small realized amplification and a relatively high level of side 
petals. In accordance with the above, we can conclude that 
the use of antennas of a similar type to solve the tasks set is 
not rational.

In works [28, 31], the results of studies of wave-horn an-
tennas are given. It is shown that the advantages of a wave-
horn antenna, unlike those discussed above, are broadband 
devices that provide about one and a half overlap in the 
range. They are easy to manufacture. In general, the horn is 
a wave transformer propagating through the supply wave-
guide, into a wave of the second type.

There is a transformation of a flat wave of small size in 
the cross section of the waveguide into an approximately 
flat wave of impressive size into the aperture of the horn. In 
addition, due to the smooth change of wave resistance along 
the horn, the waveguide is coordinated with the free space. 
Accordingly, the reflection from the aperture is reduced.

There are conical, pyramidal, and sectoral emitters [28]. 
Conical horn antennas are built on the basis of a round wave-
guide, through which the main waveguide TE11 propagates. 
They have several disadvantages: the field polarization plane 
of such antennas is unstable and easily changes even with 
minor wall deformations; the field in the aperture of such 
an emitter at different points is polarized differently. In 
addition, the DD of such antennas has approximately axial 
symmetry.

Ensuring linear polarization of the irradiating field at 
the seed location and the need to be much narrower in width 
DD gave the basis to consider pyramidal [31] and sectoral 
horn antennas. 

chronization of an external signal, the limit value of which 
depends on the noise level in the system and the variation 
of partial frequencies of individual auto generators. For real 
bio-objects, the threshold value naturally depends on the 
depth of the resonating structures relative to the surface 
subjected to electromagnetic radiation, and on the intensity 
of absorption of electromagnetic waves in near surface-locat-
ed tissues. The increase in the power of the external signal 
above the threshold does not make qualitative changes in the 
nature of the synchronized oscillations [15, 16].

The magnitude of the EMF power flow density for real 
crop production objects depends on the specific mechanisms 
of influence of the external field. The noise level in biological 
objects should not exceed the level of weak non-covalent 
relationships in a micro-object: ionic interactions, hydrogen 
bonds, and Van der Waals ties. With the help of these con-
nections, information is realized that fits into the sequence 
of macromolecular chains [17, 18]. 

Practical energy levels to influence plant seeds should 
be units – tens of μW/cm2. For seed treatment, installations 
with the following parameters are required: productivity, 
300 kg/hour; frequency, 73...75 GHz; power flow density, 
95...100 μW/cm2; exposure, 32...34 s [8, 19, 20].

Effective use of low-energy EMF of the SHF range is 
impossible without the construction of antennas for appro-
priate electromagnetic radiation and the use of devices for 
finding optimal technological parameters of EMF.

Studies on determining the parameters of the anten-
na (emitter) of electromagnetic energy with an elliptical 
directional diagram for flow seed processing are relevant 
since they will allow more efficient use of the influence of the 
information electromagnetic field of the super-high frequen-
cy range (SHF) in agricultural production.

2. Literature review and problem statement

Considering the designs of existing seed production 
plants, it can be noted that most of them are not meant for 
low-energy processing. The remaining few installations have 
either a high cost or are intended for the cultivation of only 
one type of seed [8, 19, 21, 22].

Reducing the cost and ensuring universality can be car-
ried out by viewing the choice of the emitter with the study 
of its parameters in relation to the tasks of flow processing.

As can be seen from [23], one of the main elements of the 
installation for presowing seed treatment is the emitter of 
electromagnetic energy. It forms the necessary directional 
diagram [24, 25] and provides a sufficient level of power flow 
density on the seeds when the conveyor belt is moving.

In the SHF wavelength range, various types of antennas 
are widely used: wave-slit (first type) [26], surface wave 
antennas (second type) [27], horn (third type) [28], band-
ed [29], and others [30].

Wave-slit antennas obtained by cutting gaps in wave-
guide systems are a type of linear multi-element antennas. 
They provide a narrowing of the directional diagram (DD) 
in the plane passing through the axis of the waveguide. 
There are resonant and non-resonance antennas, as well as 
antennas with coordinated slits [29, 30]. For antennas of 
the first type, the distance between adjacent slits d is equal 
to the waveguide wavelength (λх). In antennas with coor-
dinated slits, each slit is separately coordinated with the 
waveguide using a jet vibrator or diaphragm [26]. In a sepa-
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Emitters of this type are built on the basis of rectangular 
waveguide systems [31].

In [31] it is noted that pyramidal antennas are used, as a 
rule, to obtain a narrow DD in two mutually perpendicular 
planes, the remaining.

In works [26–32] the issue of obtaining a broad DD 
remained unresolved.

In order to obtain a wide DD (which will make it possible 
to overlap the width of the conveyor tape), a sectoral horn 
emitter can be used, which is given in work [33].

In general, sectoral is such a horn, in which only one 
cross-sectional size of a rectangular waveguide increases, 
and the other remains unchanged. In this regard, there are 
the H-sector horn, with the expansion in the plane of the 
vector H of the main waveguide wave TE10 and the E-sector 
horn, with an extension in the plane of the vector E. Reflec-
tion coefficient of the waveguide TE10 from the articulation 
of the waveguide with the H-sector horn is less than in the 
case of the E-sectoral horn; it is necessary to consider the 
emitter with an extension in the plane of the vector H.

The emitter of electromagnetic energy should form the 
necessary directional diagram and ensure a sufficient level 
of power flow density on sugar beet seeds when moving a 
container tape at a speed of 10...15 cm/s.

All this will allow us to assert that it is expedient to 
conduct a study of the formation of an elliptical directional 
diagram of a sectoral horn antenna for flow irradiation of 
sugar beet seeds with a low-energy electromagnetic field 
before sowing.

3. The aim and objectives of the study

The aim of this study is to form an elliptical directional 
diagram of a sectoral horn antenna for flow irradiation of 
sugar beet seeds with a low-energy electromagnetic field be-
fore sowing. This will make it possible to ensure a sufficient 
level of power flow density on sugar beet seeds when the 
container tape is moving.

To accomplish the aim, the following tasks have been set:
– to determine the antenna parameters: width and aper-

ture length of the H-sectoral horn emitter for electromagnet-
ic field irradiation of sugar beet seeds in a continuous stream 
with a frequency of 73...75 GHz; 

– to determine the flux density of the radiation power of 
the electromagnetic field, the height of placement above the 
conveyor plane, the number of emitter horns and their location;

– to determine the required power supplied to the irradi-
ator horn and the speed of the conveyor.

4. Materials and research methods

4. 1. Object and hypothesis of research
The object of this study is the process of forming an ellip-

tical directional diagram of a sectoral horn antenna for flow 
irradiation of seeds with an electromagnetic field. 

The research hypothesis is the interaction of the electro-
magnetic field with sugar beet seeds.

Simplifications and assumptions are accepted: in the 
horn throughout there is only the main type of wave; re-
flection from the aperture does not lead to the emergence of 
higher types of waves; the amplitude distribution of the field 

in the horn aperture repeats the distribution of the field in 
the cross section of the feed waveguide; horn walls are con-
sidered ideally conducting.

4. 2. Internal problem for the H-sectoral horn
It is necessary to conduct research by dividing the main 

problem into internal and external. Despite the connection 
between the field inside and outside the horn, the internal 
problem must be solved regardless of the external problem. The 
resulting field values in the extension plane of the H-sectoral 
horn can be used to solve an external problem. The directional 
diagram of the emitter, according to the known distribution of 
the field in the aperture of the horn, was calculated by wave op-
tics based on the Huygens principle and the Kirchhoff formula.

The amplitude distribution of the field in the aperture of 
the irradiator under consideration was taken the same as in 
the supply waveguide. The horn is excited by a rectangular 
waveguide through which the TE10 wave propagates. Along 
the x-axis passing in the plane of the vector 



,Н  the distri-
bution of the amplitude of the field is cosine. Along the axis 
y, passing in the plane of the vector 



,Е  the amplitude distri-
bution is uniform. Due to the fact that the wave front in the 
horn does not remain flat but is transformed into cylindrical, 
during the analysis it is advisable to proceed to a cylindrical 
coordinate system y, ρ, φ (Fig. 1).

We put the horn infinitely long, and its walls are perfectly 
conductive. We also take into account that inside the horn 



еj  
and 



mj  equal zero. These conditions mean that the sources of 
excitation of the electromagnetic field are outside the horn. 

Fig. 1. Conditional image of the H-sectoral horn

In the H-sectoral horn, in which, as in a rectangular 
waveguide, mainly TE10 wave propagates [29, 33, 34]:
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The resulting ratios allow us to make a number of im-
portant comments. At great distances from the top of the 
horn, the EMF, which has the character of a cylindrical 
wave, is purely transverse (2), (3). This is due to the fact 
that in this case it is possible to neglect Hρ(ρ, φ) of the EMF 
component compared to Hφ(ρ, φ). And this is possible with 
k>>π/2αρ or kρ<<π/2α. This inequality is the condition 
that allows replacing the Hankel function with its asymp-
totic approximation. If this condition is met, one can replace 
expression (1) to (3) with the following equations for the 
field’s constituents:

( )  πϕ π π   ρ ϕ = − ρ+ +    π ρ α α    

2 1
, cos exp ,

2 2 2 2yE C ik i
k

	 (4)

( ) ( )φ ρ ϕ = ρ ϕ π, , 120 ,yH E 	 (5)

ρ ϕ ρ= = = 0,H E E 	 (6)

( )= − λ
10

2

0 1 2 .H aZ Z a 	 (7)

The resistivity of the H-sectoral horn decreases with in-
creasing irradiator length, approaching the wave resistance 
of free space. Accordingly, the horn in question, in contrast 
to the rectangular waveguide, turns out to be an antenna 
that is well coordinated with free space. In addition, since 
the aperture of the antenna under consideration is flat, and 
the wave propagating through such an emitter is cylindrical, 
the field in the aperture will not be synphase, which as a 
result will lead to phase distortions. 

To determine the phase distortions in the aperture of the 
H-sectoral horn, its cross-section in the xOz plane is consid-
ered (Fig. 2).

Fig. 2. Determining phase distortions in the horn aperture

In the case of the H-sectoral horns used in practice, the 
field in the aperture remains unexcited with relatively large 
cross-sectional dimensions, that is, it is equal to the field of 
the incoming wave [35, 36].

In Fig. 2 the longitudinal cross section of the horn is rep-
resented as a triangle. And since the phase front of the wave 
propagating through the horn in question forms a cylindri-
cal surface, at different points of the aperture the phases of 
the field will be different. The OO′ line is a line of constant 
phases of the field in this cross-section.

The phase distribution in expression (28) is defined as:

( ) π π ψ ρ = ρ− + α 
1

,
2 2 2

k 	 (8)

and if at the point O′ (the middle of the aperture) we take the 
phase of the field equal to zero, then (8) will take the form:

( )ρ ρ
π π ψ = − + = π α 

1
2 .

2 2 2
R kR n 	 (9)

At an arbitrary point F, located on the axis of the aper-
ture, at a distance x from the point O′, the phase of the field 
lags behind the phase in the middle of the aperture by a 
phase angle (Fig. 2):

( ) ( )π π′∆ψ = − = − =
λ λ
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Since usually in horns the width of the aperture aa is 
much less than the length RН, the condition x<<RH can be 
applied to (10). Using the root decomposition by powers  
x/RH and discarding terms above the second order, expres-
sion (10) can be rewritten as: 

 π π∆ψ = + − + − ≈ λ λ 


2 4 2

2 4

2
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2 4
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According to Fig. 2, ρ = +2 2 ,HR x  then, taking into ac-
count (9) and (11), expressions (4) and (5): 
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where = π0 2 .HE C kR

Under the above condition x<<RH, in the case of calcu-
lating the radiation field, the following assumptions can be 
accepted [35, 36]:

ϕ
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where Hφ is tangent to the curve A′O′B′, and Hx is parallel to 
the straight line AOB. 

After substituting (14) into expressions (12) and (13), we 
obtained the resulting form of a ratio that defines the compo-
nents of EMF in the H-sectoral horn aperture:

( )    π πρ ϕ = −   λ  

2

0, cos exp ,y
a H

x x
E E i

a R
		  (15)

( ) ( )ρ ϕ = − ρ ϕ π, , 120 ,x yH E 		  (16)

where = π0 2 HE C kR .

Determination of the electric and magnetic field strength 
(15), (16) makes it possible to determine the directional 
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function of the emission system of emitters ЕSG(θЕ) and find 
the phase of the field in the aperture of the H-sectoral horn. 
Subsequently, it is possible to analyze at what points the 
minimum and maximum value of phase delay will be and 
obtain the necessary ratios to determine the length of the 
sectoral horn in the vector plane. 

4. 3. External problem for the H-sectoral horn
To determine the electric field strength of the H-sectoral 

horn in the far zone ЕЕ(θЕ), the Bonch-Brujevic rule was 
used [37–39].

It was accepted that the value of the field strength of a 
single Huygens emitter in the far zone is known [39, 40]. Fur-
ther, accordingly, to calculate the field of aperture in the same 
zone, it was represented as filled with continuously located 
Huygens emitters, the amplitude, phase, and direction of the 
currents of which are the same. Thus, to calculate the direc-
tional function of the system of identical and equally oriented 
emitters, the directional function of one emitter ЕG(θЕ) must 
be multiplied by the directional function of the emitter system 
ЕSG(θЕ) considered as non-directional [39, 40]:

( ) ( ) ( ).θ = θ θE E G E SG EE E E 	 (17)

The value of ЕSG(θЕ) was found using expression (15) and 
the inverse Fourier transform. Then ratio (17) takes the form:

( ) ( )
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After calculating the second integral in (18), we received:

( ) ( )
π θ λ θ = θ

π θ
λ

0 1

sin sin
,

sin

E

E E G E

E

b

E E E K b
b

	 (19)
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This integral in the case of a cross section у0z (x=0) is 
equal to aa. At θЕ=0° ( )° =max

00 ,E aE E a b  ЕG(0°)=1.
After normalization of ( ) ( ) ( )( )θ = θ °max 0 ,E E E E EF E E  the 

resulting form of the expression defining the DD of the 
H-sectoral horn in the у0z plane: 

( ) ( ) π π θ = θ θ θ λ λ 
sin sin sin ,E E G E E E

b b
F F 	 (20)

where FG(θE)=EG(θE)/EG(0°)=(1+cosθE)/2 is the normal-
ized DD of a single Huygens emitter in the far zone [38].

From ratio (20), it follows that the directional dia-
gram (DD) of the H-sectoral horn in the plane of the main 
wave vector 



E  in the rectangular waveguide TE10 coincides 

with the DD of the open end of the rectangular waveguide 
in the same plane in the absence of a reflection in it (|K|=0).

The electric field strength of the aperture in the far zone 
in the plane of the vector 



Н  is equal to:
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We considered the integral in expression (21) separately. 
If we represent the trigonometric function in the following 
form [41]:

( ) ( ) ( ) π = π + − π cos exp exp 2,a a ax a i x a i x a

and enter the notation, then ratio (21) takes the form:
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   π π + − − θ  λ     
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 (22)

We analyzed the first integral in parentheses of ratio (22):

( ) ( )

( )
−

−

θ =

  π π= − θ =  λ   

   θ = − π − +   λ λ     

∫

∫
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We converted the exponent’s power indicator in (23):

  θ− π − + =  λ λ   
   λ θ − + −   λλ π     =−  
  λ θ− +  λ   
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2sin1

2sin2 1

2
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	 (24)

And after entering a new variable 

  λ θ= − +  λλ   

2sin2 1

2
H H

aH

Rx
u

aR ,

expression (23) takes the form: 
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( ) ( )
−

π θ = −  ∫
1

2

1 2exp d ,
2

V

H H
V

E M i u u 		  (25)

where 
  λ πλ θ = + λ   

2
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exp ,
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  θ= − λ +  λλ   
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,

2
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a
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a
V R
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( ) ( )
−

= −∫ ∫
0

0

d d ,
a

a

f x x f x x 		  (26)

then expression (25) takes the following form:

( ) ( )
 π π   θ = − + −         
∫ ∫

1 2
1 2 2

0 0

exp d exp d .
2 2

V V

H HE M i u u i u u 	 (27)

We considered the first integral in expression (27), 
which, taking into account the Euler formula [39], takes the 
form:

π π π     − = −          ∫ ∫ ∫
1 1 1

2 2 2

0 0 0

exp d cos d sin d .
2 2 2

V V V

i u u u u i u u 	 (28)

Similarly, the second integral included in expression (27):

π π π     − = −          ∫ ∫ ∫
2 2 2

2 2 2

0 0 0

exp d cos d sin d .
2 2 2

V V V

i u u u u i u u 	 (29)

The integrals included in ratios (28) and (29) are called 
the Fresnel integrals, defined as [40]:

π π   =      ∫2 2

0

cos d ,
2 2

z

C z t t  π π   =      ∫2 2

0

sin d .
2 2

z

S z t t 	 (30)

The resulting form, taking into account ratios (4) to (6):

( ) ( )

  π π   + −          θ =  
 π π    − +          
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We considered the second integral in parentheses in 
ratio (22):

( ) ( )

( )
−

−

θ =

  π π= − − θ =  λ   

   θ = − π + −   λ λ     
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We converted the exponent’s power indicator in equa-
tion (32):

  θ− π + − =  λ λ   

  λ θπ =− + − −   λλ   
 λ θ − −  λ  
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After entering a new variable

   λ θ+ − =  λλ   

2sin2 1
,

2
H H
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xpression (32) takes the form: 
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−
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where 
  λ πλ θ = − λ   
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Using expression (26), ratio (34) can be represented as:
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Both integrals in expression (35) were converted using 
Euler’s formula:

π π   − = −      
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π π   − = −      
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In the final form, expression (32), applying ratio (30), 
(36), and (37):

( ) ( )

  π π   + −          θ =  
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Based on the resulting expressions (31) and (38) that 
define the integrals that are included in expression (22), the 
latter is:

( ) ( )θ = θ ×

   π π   + −             +   π π     − +            × 
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The ratio that defines the DD of the H-sectoral horn in 
the 0x z  plane takes the form:

( ) ( )
( )
θ

θ =
max 0

.
0

H H
H H

H

E
F

E
	 (40)

Here, as above, FG(θН)=EG(θН)/EG(0°)=(1+cosθН)/2 is 
the normalized DD of a single Huygens emitter in the far 
zone [40].

5. The results of the study of a horn antenna for 
electromagnetic field irradiation of sugar beet seeds 

5. 1. Determining antenna parameters
The far zone of the emitter is determined by the ratio 

L≥2a2λ [39, 40]. Here a is the maximum size of the emitter 
in the plane under consideration.

According to expression (15), the phase of the field in 
the aperture of the H-sectoral horn is determined by the 
formula ψ=‒πx2/RН. Maximum phase delay will occur at 

the edges of the aperture horn at х=±аа/2. At these points, 
ψ =−π λ ≥− π2

max 4 3 4aНa R  [42–44].
Hence we obtained the necessary ratio to determine 

the length of the sectoral horn in the plane of the vector 


Н  
≥ λ2 3 .H aR a  Since the aperture of the sectoral horn, consid-

ered in the plane of the vector 


,Е  is equal to the cross section 
b of the standard rectangular waveguide of the four-mil-
limeter range (1.8 mm). Then RH and L will be uniquely 
determined by the aperture of the horn in the plane of the 
vector 



.Н
Before conducting numerical modeling, we considered 

the behavior of V1, W1 and W2, which determined the limits 
of integration in expression (39) depending on h. 

This is due to the fact that at different aa, RН, h and L, 
V1, W1 and W2, we could change the sign from positive to 
negative, which may eventually lead to distortion and misin-
terpretation of the DD of the H-sectoral horn. 

Parameter V2 was not considered because it would be 
positive when changing aa, RН, h and L, L within the limits 
below. Previous studies have shown that it is necessary to 
choose L=200 mm. Three values of the aperture of the horn 
aa were considered (Fig. 3–5). 

Fig. 3 shows the dependence of the parameter V1 on the 
width of the conveyor belt h for the three values of the aper-
ture aa of the H-sectoral horn. 

Fig. 4 shows the dependence of the parameter W1 on the 
width of the conveyor belt h for the three values of the aper-
ture aa of the H-sectoral horn.

Fig. 5 shows the dependence of the parameter W1 on the 
width of the conveyor belt h for the three values of the aper-
ture aa of the H-sectoral horn.

In the plane of the vector 


Н  at a frequency f=74.0 GHz 
(λ=4.054 mm) (Fig. 3–5): aa=20 mm (the length of the 
horn is selected taking into account the above inequality, 
RH=35 mm, curves 1); aa=30 mm (RH=75 mm, curves 2); 
aa=40 mm (RH=35 mm, curves 3). When constructing 
these plots, we moved from changes in the angle θH to a 
change in the width of the conveyor belt h, using the ex-
pression tgθ=h/L.  

 
  Fig. 3. Dependence of parameter V1 on the width of the conveyor belt h for the three values of the aperture aa of 	

the H-sectoral horn
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5. 2. Determining the power flow density and the 
height of the conveyor plane for irradiation of seeds with 
the electromagnetic field 

To determine the power flux density and the height of 
the conveyor plane, the DD of the considered emitter was 
analyzed (Fig. 6, 7) in the plane y0z. 

Fig. 6 shows the directional diagram of the H-sectoral 
horn in the plane x0z with different sizes of the aperture aa.

In this plane, the horn has a constant aperture, which 
was equal to the narrow side of the rectangular waveguide of 
the four-millimeter wavelength range (b=1.8 mm). To build 
the DD, we used ratio (20). 

Fig. 7 shows the DD of the considered horn emitter, 
built at the same values of the main parameters as the DD in 

the x0z plane. Only the length to the plane of the conveyor 
belt changes: L=1200 mm (curve 1); L=1000 mm (curve 2); 
L=800 mm (curve 3).

Determining the power level of radiation EM in the 
emitter aperture depends on the installation performance 
(300 kg/h), the area of the directional diagram, and the 
power flow density (100 μW/cm2).

The DD of the emitter is an ellipse with dimensions of 
semi-axes: ае=127 cm, bе=21 cm (Fig. 6, 7), and its area 
S=аеπbе=8000 cm2.

On an area of 8000 cm2 one can arrange seeds in one 
layer weighing 1.33 kg. In this case, the vector 



Е  in the 
emitting apertures is normal to the direction of movement of 
sugar beet seeds along the conveyor. 

 

 
  Fig. 4. Dependence of parameter W1 on the width of the conveyor belt h for three values of the aperture aa of 	

the H-sectoral horn
 

 
  Fig. 5. Dependence of parameter W2 on the width of the conveyor belt h for three values of the aperture aa of 

the H-sectoral horn
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5. 3. Determining the supplied power to the emitter 
horn and the speed of the conveyor

To determine the power supplied to the emitter, we took 
the reflection coefficient from the irradiator equal to 1.8. 
This corresponds to the modulus of the reflection coefficient 
across the field |K |=0.286. The amount of power supplied to 
the emitter was determined from the following expression:

РH=Рinc(1–|K |2),	 (41)

where РH=0.8 W.
The numerical calculation (41) showed that the value of 

the supplied power to one emitter is 0.87 W; accordingly, to 
two – 1.74 W.

6. Discussion of results of the study of a horn antenna for 
electromagnetic field irradiation of sugar beet seeds 

As can be seen from Fig. 3–5, only at aperture aa=20 mm, 
all three parameters V1, W1 and W2 have positive values in 
the specified change range of h .

Thus, as a result of the analysis, we obtained the magni-
tude of the aperture of the sectoral horn in the plane of the 
vector 



Н  and the distance L  at which it is necessary to 
determine the DD of the emitter in question. 

Fig. 6 shows the proposed DDs of the H-sectoral horn, 
constructed in the plane x0z at a distance of L=1200 mm 
for the same dimensions of the aperture, which were con-
sidered above: aa=20 mm (curve 1); aa=30 mm (curve 2); 
aa=40 mm (curve 3). When constructing DD using ex-
pression (40), it was taken into account, as above, that 
tgθH=h/L.

The above DDs in Fig. 7 demonstrate that the aperture, 
which is equal to 20 mm (curve 1), provides overlapping of 
the conveyor belt at the level of half power (–3 dB). In this 
case, the width of DD is 420 mm.

With an increase in the aperture of the horn (Fig. 6, 
curves 2, 3), the width of DD narrows.

From the analysis of Fig. 6, 7 we can conclude that 
the DD of the emitter is an ellipse with dimensions of 
semi-axes: ае=127 cm, be=21 cm, and area S=8000 cm2. 
On such a plane, seeds can fit in one layer weigh-
ing 1.33 kg. 

 

 
  Fig. 6. Directional diagram of the H-sectoral horn in the plane x0z with different sizes of the aperture aa 

 

 
  Fig. 7. Directional diagram of the H-sectoral horn in the y0z  plane at different distances L  to the observation plane
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With a power in the aperture of the antenna of the emit-
ter of 0.8 W and an exposure of 33 s in 1 hour, 145 kg of sugar 
beet seeds can be irradiated.

For seed treatment weighing 300 kg per 1 hour, with an 
exposure of 33 s and a power flow density of 100 μW/cm2, it 
is necessary to increase the working surface of the conveyor 
to 16000 cm2, and at a height of 1200 mm from the conveyor 
band to place two emitting H-sectoral horns located at a 
distance of 2540 mm from each other.

Fig. 7 shows that with increasing distance L, the width of 
DD will increase. With a distance to the observation plane 
equal to 1200 mm, the width of the directional diagram at 
the level of half the power (–dB) along the direction of move-
ment of the conveyor is 2540 mm. 

For presowing treatment of sugar beet seeds, on the basis 
of theoretical studies, a prototype of a H-sectoral antenna 
was made.

To determine the level of radiation power from the ap-
erture of the H-sector horn, the reflection coefficient from 
the emitter loaded on free space is given. For this purpose, 
a panoramic meter was used for a voltage standing wave 
ratio (VSWR) and a standard measurement scheme. We 
received VSWR 1.8 at frequency f=74 GHz. This corre-
sponds to the module of the reflection coefficient for the field 
of 0.286. The level of power emitted from the aperture of the 
sectoral horn was determined from equation (41).

We received DD of the sectoral horn at a distance of 
L=1200 mm from the aperture plane. Based on the studies per-
formed, the H-sectoral horn was made, which has the follow-
ing geometric dimensions: aa=20 mm, RH=35 mm, b=1.8 mm. 
The study was conducted at a frequency of f=74.0 GHz. 
Flowchart of the measuring bench consisted of transmission 
and receiving tracts. The transmission tract includes a semi-
conductor generator with a power supply; p-i-n modulator, 
which is supplied with a sinusoidal signal at a frequency of 
1 kHz from a low-frequency generator (G3-102); installation 
attenuator and H-sector horn antenna.

The modulator was turned on to the tract to expand 
the dynamic range of the measured signals. The circuit 
provides an additional channel for controlling the amplitude 
and frequency of the signal of the semiconductor generator. 
Therefore, the experimental installation included a direc-
tional branch; polarization attenuator; resonant wavemeter; 
detector section; selective amplifier (U2-8); two-beam os-
cilloscope (C1-83). To eliminate possible rereflection, in the 
tract in the second arm of the directed branch included an 
agreed load.

The composition of the receiving tract included a mea-
suring probe; polarization attenuator; detector section; se-
lective amplifier, the signal from the output of which is 
fed to the second input channel of the oscilloscope. Since 
studies were carried out at a great distance from the emit-
ter (L=1200 mm), a pyramidal horn with an aperture dimen-
sion of 20×10 mm, which has an integrating characteristic, 
was used to expand the dynamic range of signals received as 
a measuring probe. The entire receiving tract is assembled 
on a movable platform that can move in 1 mm increment.

The studies were carried out precisely in the plane x0z 
because in the plane y0z the width of DD of the studied 
sectoral horn in terms of half power should exceed 2.5 m and 
its measurement under laboratory conditions causes certain 
difficulties. It is determined that the maximum difference 
between the measured and calculated DDs of the H-sectoral 
horn of the above geometric dimensions does not exceed 12 %.

This suggests that in practice the width of DD of the 
emitter under study in the plane y0z in terms of half power 
level will be approximately 2.5 m. Knowing the dimensions 
of DD of the considered H-sectoral horn in the plane of the 
conveyor belt on which the seed is located, we determined 
the flux density of the incident power in this plane.

Since we considered the width of DD of the sectoral 
horn in two mutually perpendicular planes at the level of 
half power, considering that there are no power losses in free 
space, we determined the level of incident power in the plane 
of the conveyor belt. DD for one emitter is an ellipse with 
dimensions of semi-axes ае=127 cm, bе=17.5 cm, and its area 
S=аеπbе=7000 cm2.

The power at the output of the emitter should be 0.7 watts. 
Thus, in order to obtain a power flow density of about 
100 μW/cm2 in the conveyor plane, it is necessary to place two 
emitting H-sectoral horns above it at a distance of 1200 mm, 
located at a distance of 2540 mm from each other, for a con-
veyor speed of 15 cm/s. At the same time, the vector 



Е  in the 
emitting apertures is parallel to the direction of movement of 
the seeds by the conveyor. Power level supplied to the sectoral 
horns is defined from equation (41); it is equal to 1.52 watts. 

Since we have two field spots along the direction of 
movement of the seeds, the total length will be 508 cm and, 
dividing it by 33, we get the speed of the conveyor ≈15 cm/s.

The results of our study confirmed that the use of a sec-
toral horn antenna in comparison with the existing designs of 
devices for presowing seed treatment with a low-energy elec-
tromagnetic field makes it possible to more efficiently provide 
the necessary values of the biotropic parameters of the electro-
magnetic field of irradiated seeds during flow processing. At 
the same time, well-known designs of irradiation installations 
use slit emitters [45] and resonator chambers [46, 47], which 
demonstrate a dependence of geometric dimensions on the 
wavelength, and, accordingly, cannot provide high-quality 
DD and uniformity of power flux density if it is necessary to 
change the biotropic parameters of the electromagnetic field.

The limitations in the studies were as follows. The fre-
quency properties of the horn antenna in our case depended 
on the properties of not only the horn itself but also the 
waveguide. The operating frequency range of the waveguide 
was limited by the condition for the propagation of the main 
type of wave in it:

λ < λ < λ(2) (1),  

where λ(1) is the critical wavelength of the main type (H10 
and H11 for rectangular and round waveguides, respectively); 
λ(2) is the critical wavelength of the first higher type. 

Rectangular waveguides allowed approximately one 
and a half overlap over the wave range, namely, λ ≥min 1,1a   
and λ ≥max 1,67 .b  Provided that round waveguides are used, 
the operating frequency range is somewhat smaller. 

Since the cross section of the horn is larger than in the 
waveguide, the above limitation did not exist for it, however, 
with the change in wavelength, the relative dimensions of 
the horn aperture and the maximum phase error, and, con-
sequently, the directional coefficient (DC) of the antenna, 
changed. The parameters that determined the operating 
frequency band of the horn antenna, in this case, revealed 
directional properties (width of the main petal DD, level of 
side petals), or DC. It was believed that with a one-and-a-
half overlapping coefficient, which was provided by a supply 
waveguide, the change in DC slightly exceeded 20 %.
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The total reflections in the waveguide were determined 
both by the waves reflected from the aperture of the horn 
and by the waves reflected from the place where the wave-
guide passed into the horn (neck). The latter were not taken 
into account in the calculations.

The reflection was taken into account only for the cal-
culation of power, its impact on the distortion of DD is not 
indicated. The calculation of power did not take into account 
the loss of power on the side lobes.

According to the results of research, it is possible to cre-
ate a base of geometric presets for adjusting installations for 
different types of seeds, the desired performance, the struc-
tural features of installations, and existing emitters.

7. Conclusions

1. For electromagnetic field irradiation of sugar beet seeds 
for presowing treatment with a frequency of 73...75 GHz in 
a continuous flow, one should use an H-sectoral horn emitter 
with parameters – aperture width aa=20 mm; horn length 
RH=35 mm; b=1.8 mm.

2. For irradiation of sugar beet seeds on the conveyor 
plane with a power flow density of P=100 μW/cm2 it is nec-

essary to place two horns at a distance of 1200 mm above the 
conveyor at a distance of 2540 mm from each other.

3. Treatment of sugar beet seeds with electromagnetic 
radiation in a continuous flow with a capacity of 300 kg/h is 
possible with a power of up to 2 W, which is supplied to two 
horn antennas, the speed of the conveyor is ≈15 cm/s.
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