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ABSTRACT

In this paper, based on the developed model of seeds, theoretical research are performed concerning
the distribution of the electric intensity within low-energy (information) electromagnetic field of millimeter
range wave lengths (frequency, power flow density, exposure, amplitude modulation), which may affect the
biophysical processes in seeds. The seeds were modeled by spheroids filled with a homogeneous isotropic me-
dium with relative dielectric £ =&’ —i&" and magnetic 1 =1 permeability. The boundary surface of a sphe-

roid is formed by the rotation around the axis z of the circular arc with the radius R. An electromagnetic wave
with the amplitude modulation of an electric field was considered as the excitation of an electromagnetic radi-
ation. The task was to determine an electromagnetic field appeared within a dielectric spheroid by its interac-
tion with a modulated electromagnetic wave. In order to simplify the analysis, let's assume that the electric

field tension excited in a dielectric spheroid has a dominant component EZ+ (other components EX+ and
EYJr are negligible as compared with Eo ). The equation for the determination of the components EZJr con-

tained two types of integrals, the integral by the volume of the spheroid and the integral by its boundary sur-
face. The changes resulted in the equations for an electric field determination in a spheroid numerically. How-
ever, for practical applications, an important characteristic of the electromagnetic radiation interaction with
biological objects is an electric field magnitude, averaged by the volume of an object. The solution to this prob-
lem was reduced to the solution of two similar objectives for the wave numbers k+ and k-. These solutions
were obtained using the Born approximation with a relative error of less than 5%. These expressions allowed
to determine the biotropic parameters of an electromagnetic field (frequency, flow density, exposure, ampli-
tude modulation), which may have an impact on the biophysical processes in seeds. The use of an electromag-
netic field with established biotropic parameters for the pre-treatment of seeds, allows to increase the yield
and quality of seeds within a new harvest.

Keywords: seeds; the frequency of the electromagnetic field; modulation parameters; the power of the elec-
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INTRODUCTION

Economic analysis shows that at the present time the post-Soviet countries have an average crop yield
decrease by 20 ... 25%, also due to the high cost and the lack of fertilizers and plant protection from pests [1].

Therefore, an urgent task is the development of a new cost-effective and ecologically sound technolo-
gies aimed at the production improvement and the quality of grain seeds. One solution to this problem is the
use of information electromagnetic field (EMF) of ultra high frequency (UHF) band [2]. The main advantage of
an electromagnetic technology for preplant treatment of seeds is by low-energy electromagnetic radiation is
explained by the possibility to improve their growth and development due to the mobilization of seed internal
reserves without chemicals or genetic engineering techniques [3].

During recent years in order to intensify the crop production in agricultural practice the electric physical
methods of influence on the cereal plants and seeds and vegetable crops were introduced actively in order to in-
crease yields and improve the quality of the obtained products [4,5].

RESEARCH METHODOLOGY

The task is to determine the electromagnetic field produced within a dielectric spheroid by its interaction
with a modulated electromagnetic wave. This problem was studied in D. G. Armour, Z. Kuryak, R. Srinandan, D., D.
Burton works [6,7,8,9].

The electrophysical preplant treatment methods include: the impact of a constant electric field, a constant
magnetic field, infrared rays, the electric field of high voltage AC, strong electrostatic field, the electric field of the
corona discharge3. A common drawback of all existing technologies with the use of preplant seed treatment by
elctrophysical methods is the low reproducibility of processing results, and a low yield increase by 10 ... 12% [10].

This can be explained by the imperfection of the existing technical means and the methods of research, the
lack of rapid diagnostic methods, as well as the lack of sufficiently deep theoretical and experimental studies of vari-
ous physical factor influence mechanism on seed material [11].

The most effective, energy-saving and cost-effective way is the seed treatment by information of UMF [4].

On the basis of it, one may assume that the application of electromagnetic techniques may improve the
productivity and the quality of cereal crop seeds. However, it should be noted that an effective use of low-energy
UMEF is impossible without the development of physical and mathematical models that take into account the pa-
rameters of UMF exposure and dielectric characteristics of agricultural facilities in plant production [3].

RESULTS AND DISCUSSION

In order to determine the parameters biotropic UMF a model should be developed which allows to deter-
mine the range of these parameters variation (frequency, power, exposure, modulation) for the pre-plant pro-
cessing of cereal seeds.

Let's consider an electro-magnetic wave with the electric field tension, changing by law as an exciting elec-
tromagnetic radiation:

E' = E,(1+msinQt)sin(wt + k(f,R)), (1)

@
where K = = is the wave number; C -the speed of light in vacuum;
C
N —a single vector which determines the direction of wave distribution;
@ —circular frequency;

Q) —modulation frequency;
M —modulation depth ratio, which characterizes the rate of amplitude change;
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E, —constant vector, R = X€, + yéy +2€,, éx,éy,éz the vectors of the Cartesian coordinate system. It

is assumed that Q/ @ <<1. In this case, we may talk about the amplitude modulation of a harmonic wave
with the frequency .

Seeds will be simulated by spheroids filled with a homogeneous isotropic medium with relative per-
mittivity £ =&"—i&" and magnetic permeability 22 =1.

Fig. 1 shows a spheroid, the boundary surface of which is formed by rotation around the axis z of a
circular arc with the radius R. The geometrical parameters of this arc are the following: 2h1 - the length of the
line segment connecting the ends of an arc; 2h2 —he maximum distance between the points of a boundary sur-
face in a plane of the perpendicular axis z. Let's introduce a cylindrical coordinate system R, @, Z with the
axis Z and the Cartesian coordinate system X, Y, Z as shown on fig. 1.

A Z
3
3
R
2hy 1/ =
&
0 Y=
2h,
X W,

Figure 1: Electrodynamic model of seeds

Then the boundary surface of the spheroid may be described by the following parametric equations:
X =R(v)cose,Y =R(v)sing, Z =Z (v). 2)

Here V is the length of a circular arc, measured from the point of 0 (the top of the spheroid), 0 is the polar angle

in a cylindrical coordinate system, and the functions ﬁ(V) and Z(V) have the following form:

V- v
R(v)=Rsin—, Z(v)=R|1-cos— |
(v)=Rsin = (v) ( cos Rj (3)

h
The parameter V is changed within the interval (0, L), where L = arccos(l—ﬁz , and the angle @ dif-

feres within the interval (0,27).

Let (90 and @ are the angles determining the direction of an exciting electron-magnetic wave distribu-
tion (see Fig. 2.1). The angle 00 is calculated from the axis Z within the plane, going through this axis and the

vector N, an is the angle between this plane an e axis . Then, an electric field tension of an exciting
tor N do th le bet this pl d th X .Th lectric field t f t
wave may be represented as follows:

=i me= ik (sin 8, cos @, X +sin 6, sin g,Y —cos6,2)
E Eoe 0 0 0 0 0 .

+ (4)
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Regarding the polarization of an exciting wave, without the loss of generality, we will assume that the

vector Ej is parallel to the axis Z, i.e. EO = Ey€,, and the directing angles 6, and ¢, are equal

T T
0,=—, @y = — . Therefore, we obtain from (4) that the exciting wave has the following form:
°2" T2

mE, ikyg

El = e'Ye, (5)

Where the wave number K = @/ C, éz is a single vector along the axis Z .

Taking into account the things mentiond above it is natural to assume that an electric-field tension
excited in a dielectric spheroid will also have a dominant component E, , (other components Ey , and E,

are negligible in comparison with EO ).

Let’s introduce the designation E+ = EZ+ and put down an integral equation for E+. This equation
contains two types of integrals: an integral by a spheroid volume and an integral by its boundary surface.

Let's consider a surface integral. First, let's calculate of the integrand (ﬁq, E+ )graqu(p, q). The equation

for the vector ﬁq of the normal to the boundary surface of a spheroid taking into account the parametric

equations (2), is as follows [12]:

where the point denotes differentiation, and éR and éz —the unit vectors of the cylindrical coordinate system
at the point (.

Let’s introduce (6) into scalar product (ﬁq E, ), then we will obtain the following:
(,.E,)=RE,, )
. 1%
Where according to (3) R = C0S E .

Now let’s consider graqu(p,q). The function G(p,q) may be represented as a Fourier series

according to the azimuthal coordinate ¢ of the cylindrical coordinate system. Omitting the intermediate con-
version and using the results of [13], we have:

G(p’q): isnei”((/ﬁ—%)_ (8)

N=—o0

Here P = (Fl,gal, Zl) and (= (Fz,(pz, Zz), and the coefficients Sn are presented in the form

of the following integrals
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e' _:
S, = | & e gy,
" 27z£ I © 4
r:\/(Fl—]“z)z+(Zl—22)2+4F1F25in2gp/2 9)
n=0,t1+2,

Using the formula [13] to calculate the gradient of the function in a cylindrical coordinate system, we
obtain for Z component graqu(p, q) the following expression:

—aG(p’q) = _i:o _asnein((/’l_(l’z)' (10)
0z, o=.0z,
It is considered in (10), that the gradient is calculated according to the variable ( = (['2 NO» ZZ).
We have the following from (9):

aSn _ (Zl _ ZZ)ZJZ[ eikJ(ing—l) e‘i”¢’d(p
822 271' 0 r

(11)
Now let's represent the function E+(q) — the electric field tension in a spheroid within a Fourier se-
ries according to the azimuthal coordinate (0 . We have the following:

E ()= SE (12,0, (12)

N=-00

Let's substitute (7) and (10) in the surface integral. Using the parametric equations (2) for the bounda-
ry surface of a spheroid, we transform this integral in the double integral by the variables V' and (0, , then we

will get the following:

j( )Mds _R Jd(oZTSIn— ZE (R(v), z(v)e"

S (13)
S as 'n (/’1 (Pz)

><nZAOO 622 dV,

where L = arccos(l—h—éj.

If you now use the property of orthogonal functions e"?2 on the interval (0, 272'), then we have
ultimately the following from (13):

i(an+)aGa(;2q)dS ﬂRan'”“’ljssz\: E;(R(v), z(v ))22 dv. (14)

Now let's consider the integral according to the volume of spheroid. Let's reduce this volumetric inte-
gral to the two-dimensional integral according to the variables FZ’ ZZ. Using the orthogonality property of

the function €"%? and the function G(p, q) and E+(q) decomposition in B paabl Fourier series (see (8) and
(12)), after a series of transformations we obtain the following:
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2h,  a(z,)
[E,(a)G(p,quV =27 ze'“% j dz, j EF(I,,2,)S,1,4,, (15)
v n=—o 0

where a(Z,)=+/Z,(2R~-Z,).

Considering the equation (14) and (15), and applying the Uniquness theorem of function expansion in
Fourier series, we obtain the following:

. 2 a(z,)
Er:r(rl!zl):EJlrn(Fl) (ng)k,[dzz ,[ E. (rz' 2)SnF2dF2+
—-1)RL _, = . 2V OS
+%£En(R(v) 2)in 2 By ”
n=0,t1+2,..
Here
i _mE K si mE
EI =0 —|n(p+|k1"1$|n¢>d =—0| kF
+n Ar Oe () 2 n( l) (17)
n=0,+1+2,....

The expansion coefficients in the Fourier series, the tension (unreasonable proposal) of the exciting
wave electric field, and |n(- . ) is the Bessel function of N -th order.

" from (16) are calculated according to the formulae (9) and (11), and the functions
2

ﬁ(v) and Z(V) are calculated according to the formula (3).

The functions S, and

Using the equation (16) we may calculate the electric field tension inside a dielectric spheroid (an
electrodynamic model of sunflower seeds).

In general, the construction of equation solution (16) is possible only by numerical methods, using a
computer. However, an important characteristic of the interaction process concerning electromagnetic radia-
tion with biological objects is the magnitude of an electric field, averaged by the volume of object for practical
applications.

It follows from (12) that the magnitude of an electric field, averaged by the volume of a spheroid, is
determined only by the coefficient with the index n = 0, within the expansion in Fourier series of the func-

tion E+(q). Therefore, an averaged electric field intensity E;:U is equal to:

N 2 a(z,)
E., = [\/7 ,[dzz I Eq (Fz’ ( 2))F2dF2' (18)

where [V| is the volume of a spheroid and the function EJ(FZ,ZZ) satisfies the equation (16), in which we

assume that the index n = 0.

The spheroid volume may be calculated by the following formula:
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2h, a(z,) 2h, 3
V|=27 [dZ, [I,dI,=x[Z,(2R-Z,)dZ, = 4’;“1 (3% - 2) (19)
0 0 0

As we mentioned above, the development of solutions concerning the original problem of modulated electro-
magnetic wave interaction with a dielectric spheroid is reduced to the solution of two similar problems for

10) o+Q _0-Q 0]

wave numbers k, = — = k= and k =— .

c C c C

Therefore, the tension averaged over by the volume of the spheroid of the electric field Ecp has the

following form:

272- a(z,)

E,=E%+E}+E, = M jdz2 g (E0+E +E)rdr, . (20

Here EOi are the solutions of the integral equation (16), for the wave numbers K, and N =0, and Eg

is the solution of the same integral equation for the wave number K and n=0.

Thus, the original problem was reduced to the development of the integral equation (20) solution for
two values of the wave number kJr and K_. As numerical estimates demonstrated, these solutions may be
obtained using the Born approximation [14]. At that the relative error makes less than 5% for real geometrical
parameters of a sunflower seed and a relative-dielectric permeability &=¢&' —ig", 2<¢&'<4,

_ _ w
2:10% <&"/ &' <2-1072 within the frequency range 25 GHz < 2— <40 GHz and the modulation frequen-
T

cy —< 10_9. On the basis of Born’s approximation we have the following formulae:
(0]

, mE 12 _ 2 alze)

= =T°|O(kr1)+ﬁlzo [dz, jl (K[, S I,AI, +

m(e-1)RE, &, ( = 2v 85,

—E0 0 (kR 2 %0 gy
+ 3 ] o( (V)) sin—= oz,

) (21)

£ =S 1) - %szz [1ollr BT -

i(e—1REg &, =/ . 2V 3S
—%glo(kR(v))smﬁvidv

Thus, using the formulas (20) and (21) one may calculate the tension of an electric field, resulting from
the interaction of a modulated electromagnetic wave with a dielectric spheroid being an electrodynamic mod-
el of most cereal seeds.

CONCLUSION

The abovementioned analysis showed that the impact of low-energy UMF for the development of
crops is conditioned by a number number of features which include:

- low-energy UMF do not make a significant energy impact on the fabric of biological objects - no heat,

no radiation changes, so its effect may be determined only by the mobilization of forces and the re-
lease of the object large energy reserves;
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the interaction of information UMF with biological objects should be considered in the development
of information field theory of the noosphere. Within the micropower level of information UMF inter-
action with biological objects is an information type of interaction with the capacity of about 10"
watts. UMF is only an energy carrier of information within the noosphere, so you need to consider the
carrying element of these fields during the treatment of animals.

in order to study the biophysical action of low-energy UMF the technical analogues of biological ob-
jects are necessary, knowing the nature of which it is possible to model the structure of biological sys-
tems with the volume processing of information signals.

the desired changes in the properties of biological objects may be obtained only at the optimum
combination of biotropic UMF parameters (frequency, power flow density, exposure, modulation,
etc.).

low-energy electromagnetic waves may cause conformational rearrangements of cellular structures,
influence the permeability of biological membranes and serve as an information signal to the regula-
tory systems of the whole biological object.

the plants, formed from seeds irradiated with stimulating electromagnetic radiation doses, the change
of morphological and biochemical parameters take place. The associated intensification of metabolic
processes during the early stages of ontogenesis contributes to the accumulation of a phytomass, to
the increase of photosynthesis productivity, the change of water regime and the ratio of above-
ground and underground organ weight. As a result, the seeds of plants accumulate more protein, its
qualitative structure changes, the yield of crops is increased.

The main conclusions of our study are as follows:

(1]
(2]
(3]

(4]

(5]
(6]
(7]

(8]

In order to determine the parameters of low-energy biotropic UMF (frequency, power, exposure,
modulation), causing an increase in crop yield and the seed quality of grain cultures, theoretical stud-
ies are necessary taking into account the developed model.

To analyze the distribution of UMF electric intensity in the seeds of cereal crops, one should use the
model of a spheroid filled with homogeneous isotropic dielectric medium with relative dielectric
& =¢'—ig" and magnetic 1 =1 permeability.

In order to determine the intensity of the electric field in the middle of a dielectric spheroid one
should use the uniqueness theorem for the expansion of the Fourier series.

The expressions of an average value for the electric field tension in the volume of a spheroid obtained
using the Born's approximation, are essential for the analysis of UMF electric tension distribution and
for the determination of biotropic parameters for the irradiation of seeds.
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