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Introduction

The demand of food in the world grows annually and
constantly. Grain cultures survive as basic food source for
many people of Universe. Many scientists research the
problems of growth of grain cultures productivity. It is sure
that the growths of grain cultures productivity depend to
growth germination power [1]. The germination power of
grain can by enlarge in some ways: chemical way,
influence of electrical and magnetic field treatment [2].

Some authors are researching the dependence of grain
germination power on influence of magnetic field [3, 4, 5].

The aim of research is not to research the growth of
germination power after influence of seed on adequate
magnetic flux density, but estimate what influence to
biological signs has magnetic field [6]. It was done by
measuring electrical impedance frequency characteristics
of seeds.

Methods

There are used the methods of the biotronic [9,10,11].
For research purpose there are used the grains of yield
2009, the oscillator of controlled direct magnetic field,
system of electrodes, A/D converter, and special computer
program.

Seeds were numbered and grouped to five subgroups.
There were ten seeds in every subgroup.

Experimental research was fulfilled under room
temperature and normal weather humidity. The data of
each experimental measure were saved in the computer
memory. It was used two experimental data written in
computer for compare and estimation differences.

Grains were under the sway of magnetic field once to
make equal researching situation for all grains in
subgroups.
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The structural diagram of research the grain
impedance  transfer  function  (ITF)  frequency

characteristics is shown in Fig. 1.
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Fig. 1. Structural diagram of research ITF frequency
characteristics: 1 — grain and electrodes; 2 —A/D converter; 3 —
PC, G — output of oscillator; A,B — inputs of A/D converter
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The grains of every subgroup were located in the
paper box in the two lines separately. By experiment grains
were under sway of magnetic field ten minutes.

ITF data image of grain was found by mathematical
analysis of experimental research of input and response
signals.

Estimating of grain seeds impedance frequency
characteristics

The estimating of grain impedance transfer function
frequency characteristics (Magnitude — phase frequency
characteristics) is prosecuted in the two stages.

A/D converter (Fig. 1) are measuring electrical input
signal applied to grain on channel A. The output signal is
measured on output channel B. Computer program
calculate the relationship between output and input signal
magnitudes. This is grain impedance transfer function
image amplitude. The difference of output and signals
phases is grain impedance transfer function image phase.

Computer program controlling the measurement
process chose and set the wave frequency w and point to
converter to fulfill the measurement. At the same time the
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program in memory construct two functions sin(w?) and
cos(w?) which have an amplitude of unity and a phase of
zero degrees.

The input signal to the grain on the channel A may be
represented by

U = Uper sin(a)t+a). (1)

We can treat the output signal u,, in exactly the same
fashion of the reference signal u,.;. Suppose the output on
the channel B can be represented as

Ugye = Ugy sin(wz +8). 2)
Let we capture u,s with the oscilloscope and then
multiply it by sin(wt) and the result of this is

Uref

Upj = T(cos(a)— cos(Za)t + a)). 3)
Multiplication process in frequency domain supplies
us the frequency difference and sum of frequencies. The

frequency difference is DC part of captured signal

Uler cos(a)

2 “

UAide = Uii =

The sum of the frequencies is AC part of captured

waveform at twice larger than the reference signal
frequency

Uef cos(2a)t + a)
Upjac = :

2

6))

By integrating (3) over fewer complete cycles of the
waveform, the AC component u;,. (5) will become zero,
leaving to us only DC component of (3).

We repeat the steps mentioned above with the
multiplying digitized reference signal u,¢ by cos function

of the internal sine wave, cos(wt). The result of
multiplication gives us u,q
_ Uref . .
Upg = T(sm(a)+ s1n(2a)t + a)). (6)

By integrating the output signal of the uu, (6) over
fewer complete cycles of the waveform give us u;,

Uver sin(a)
== (M)
The equation (4) and (7) is the vector of two sides of

a right angle triangle, where the hypotenuse equal to

magnitude of U,¢2. It we can solve for the magnitude of

Uref with
2 2
Uref = 24uii” +tig”™, ®)
the phase angle o can be found from
"
o =tan"! [i] ©)
Uij
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The « is the angle of the u,.¢ signal, at the input to the
network, with respect to the generated sine wave signal in
computer based program.

The output signal we can process in the exactly the
same fashion as a reference signal.

Now our reference and output signals are obtained
and it can be generalized by the equations:

Urer = Urer e]a, (10)

U, e©. (11

The transfer function of the investigated grain,
magnitude and phase can be found from

U

our

Uref

Uout = Yout

Glw)= ZouL oil0-a), (12)

Results and Discussion

The scientists research the dependences of grain
germination power on magnetic field influence note clear
dependence magnetic flux density on change of grain
germination power [5]. But we don’t know the studies of
scientist what show quality changes in the grain
determined the changes of grain germination power after
magnetic field influence.

The aims of this work was to research impedance
transfer function frequency characteristics images and
compares their interdependent and evaluate influence of
magnetic flux density on frequency characteristics
(amplitude-phase frequency characteristics).

Thereto one of five grain subgroups was influenced
on magnetic flux density 20 mT. Analogue we influenced
other subgroups on magnetic flux density of 40 mT, 60
mT, 80 mT, 100 mT respectively.

For intention to compare ITF image frequency
characteristics at first we measured ITF images of grain
unimpressed by magnetic field.

We picked such process of measuring because the
ITF of grain unimpressed by magnetic field can differ from
greatly (for physical — chemical structure of grain) other
grains then it would be impossible to compare and open
fundamental differences between seeds ITF images.

We analyzed the differences between ITF amplitude
frequency characteristics (AFCh) and phase frequency
characteristic (PFCh) in comparison ITF images of
impacted and unimpressed by magnetic field grains.

Our research showed that by growing the magnetic
flux density since 40 mT to 100 mT the difference of ITF
images AFCh of impacted and unimpressed by magnetic
field grain grow pro rata (Fig. 2). The same we can see on
diagrams of differences between ITF images of PFCh (Fig.
3).

It let us to do conclusion that under influence the
grain by magnetic field vary the parameters of grain
equivalent electrical diagram. And we can evaluate
quantitatively the influence of strength of magnetic field to
changes of mechanism of grain germination power.



The images of grain ITF AFCh and PFCh (Fig. 2,
Fig. 3) let us to graphical evaluate of influence of the
strength magnetic field to grain ITF changes. Though it is
impossible to estimate quantitatively and clearly the
influence of magnetic flux density to grain ITF. There for
it is necessary to use method what estimate the difference
between grain IFT images given impacted and
unimpressed by magnetic field.

There are a few methods, the first one — the looking
for digital equivalent ITF in approximation experimental
data in to ITF intercoefficient comparison [8]. The second
method — the approximation grain ITF image to equivalent
electrical diagram and comparison the values of elements
of equivalent electrical diagram [8].

The above mentioned methods are complicated and
they unwarranted enough precision. Except above
mentioned methods there are some mathematical —
statistical methods [7].

Mathematical- statistical estimation is used when
experimental tendencies are divided widely sign — wise.
And it isn’t simple to estimate fundamental tendencies of
changes.
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Fig. 2. Diagram of differences between AFCh of ITF images of

seed impacted and unimpressed by magnetic field
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Fig. 3. Diagram of difference between PFCh images of seed
impacted and unimpressed by magnetic field

We used four mathematical — statistical methods for
estimation the differences of grain ITF images impacted
and unimpressed by magnetic field.

The first is correlation coefficients calculation [7].
The second - the maximum absolute difference

N
Z|yi - xi|
DABS(x, y) ==

N (13)

73

The third is minimum-—maximum estimation [7]. The
fourth absolute logarithmic difference

N
|20 logyg y; —20-logyg x;|

ALSE ==
(x.y) v :

(14

there x; and y; comparative experimentally measured
impacted and unimpressed by magnetic field grain ITF
frequency characteristics.

The grain ITF image AFCh compare results when
grain was impacted (0 mT) and unimpressed (20 mT, 40
mT, 60 mT, 80 mT, 100 mT) of direct magnetic flux
density are shown in Table 1. From Table 1 data we can
see the clear change of grain ITF AFCh images by
different strength of magnetic field. In Fig. 2 there were
the graphical data of compare.

Correlation coefficient of ITF AFCh images given
impacted an unimpressed by magnetic field is near the one
(0.991754+0.01038).

It show form grain ITF image AFCh don’t diverge
practically or diverge constant magnitude in all frequency
band for amplitudes respect.

Table. 1 The comparison of grain ITF AFCh images differences,
when the magnetic field strength varies between OmT to 100mT

by using mathematical —statistical methods CC, DABS, MM and
ALSE

Magnetic Magnitude response assessment method
flux
density, ALSE DABS CC MM
mT
0 0.0875 0.0054 0.9999 0.9933
20 0.4851 0.0296 0.9973 0.9642
40 0.1951 0.0111 0.9997 0.9867
60 0.7776 0.0371 0.9945 0.9486
80 1.8615 0.0975 0.9830 0.8680
100 2.2465 0.1245 0.9761 0.8404

In compare data in Table 1 it is showed that ALSE,
DABS criteria are more sensitive greatly than MM. Also
we can see that ALSE and DABS values grow and MM,
CC decrease when magnetic flux density grows.

The data of the Table 1 also show that applied
magnetic field has not influence to grain impedance
transfer function amplitude scale but to shift in frequency
band. It can be because magnetic field has stronger
influence to reactance elements of grain equivalent
electrical circuit.

Table. 2. The comparison of grain ITF PFCh images differences,
when the magnetic field strength varies between OmT to 100mT
by using mathematical —statistical methods CC, DABS, MM and
ALSE

Magnetic Magnitude response assessment method
flux
density, ALSE DABS CC MM

mT

0 0.2423 0.0066 0.9995 0.9891
20 1.3143 0.0365 0.9922 0.9433
40 0.6622 0.0143 0.9988 0.9777
60 2.6379 0.0413 0.9731 0.9306
80 4.5785 0.1025 0.9252 0.8533
100 5.4866 0.1156 0.9109 0.8258
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R. Véjelis, A. Zajanckauskas. Assessment of Electric Impedance Varieties of Grain, Treated in Magnetic Field // Electronics
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It is sure that for growth grain cultures productivity depends to growth germination power. The germination power of grain can by
enlarge in some ways: chemical way, influence of electrical and magnetic field treatment. The aim of our research is not to research the
growth of germination power after influence of seed on adequate magnetic flux density, but estimate what influence to biological signs
has magnetic field. It was done by measuring electrical impedance frequency characteristics of seeds by using electronic equipment. Our
research showed that grain ITF image PFCh has larger change character in compare to AFCh changes. It shows that magnetic field more
influence reactance elements of grain equivalent electrical circuit elements. I1l. 3, bibl. 11, tabl. 2 (in English; abstracts in English and
Lithuanian).

R. Véjelis, A. Zajanc¢kauskas. Griidy, paveikty magnetiniu lauku, elektrinés nuosavos varZos poky¢iy jvertinimas // Elektronika
ir elektrotechnika. — Kaunas: Technologija, 2011. — Nr. 1(107). — P. 71-74.

Yra zinoma, kad griidiniy kultiiry derlingumo didéjimui turi itaka gridy sékly daigumo energijos didinimas. Grady daigumo
energija galima didinti keliais budais: cheminiais buidais, paveikus elektriniu lauku ar magnetiniu lauku. Atliktas tyrimas matuojant
griido elektrinés nuosavos varzos dazninj pasiskirstyma. Nustatyta kokia jtaka griido biologiniams poZymiams turi magnetinis laukas.
Tyrimas parodé, kad griido nuosavos varzos perdavimo funkcijos vaizdo fazinés—dazninés charakteristikos turi didesnj kitimo charakterj
lyginant su amplitudinémis-dazninémis charakteristikomis. Tai rodo, kad magnetinis laukas smarkiau veikia reaktyviuosius grido
ekvivalentinés grandinés elementus. Il. 3, bibl. 11, lent. 2 (angly kalba; santraukos angly ir lietuviy k.).
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