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Abstract

There are some results about inves-
tigations of low frequency electrical cur-
rents on the human body. An descrip-
tion of influence and space configura-
tion of two independent low frequency
currents on the human body is done in
the paper. The main results of investi-
gation are connected with the case
when one of the electrical signals is
frequency modulated.

1. Introduction

It's well known that the in the case
of low frequency electromagnetic field
it's possible to investigate the electrical
and magnetic field separately [1,2,3]. In
this case the vector of current density

o is connected with intensity of electri-

cal field E by the electrical conduct-
ance of live tissues y .

5(t) = (1) 1)
Usually in the live tissues:
7(x,y,z,t) ~const  (2)

In this case the space configuration

of the current density & is the same as
the space configuration of intensity of

electrical field E [4,5]. So, it's possible
to use the results on investigation of
space configuration of intensity of elec-

trical field E for investigation of space
configuration of of the current density & .

2. Mathematical description

The space disposition of two pairs
of patient’s conductors can be seen on
the fig.1. The two pairs of patient’s con-
ductors are connected to two inde-
pendent low frequency generators of
sinusoidal signals with different fre-
qguencies @, and w,, where:

@, (t) = const A a, (t) # const A

3)
Ay (t) # o,(t) A oy (t) = o,(t)
A B
B A
Fig. 1

The conductors A-A are connected
with the first generator with the output
tension U,(t) and the conductors B-B
are connected with the second genera-
tor with output tension U,(t), where:
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U,(t) =U,, cos mt 4) The components of movement of
U, (t) =U,, cosa, ()t (5) ions on the two axis X and Y are:
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Fig. 2

In every moment and in every point
in the space between two pairs of pa-
tient’s conductors A-A and B-B there is
an influence of two independent electri-

cal forcesF, and F, on every particle

(ion) with mass m and electrical charge
g. It would be easy for the next calcula-
tion if the ion is in the centre of coordi-
nate system X,Y,Z (fig.2) and one of the

forces F, is on the axis X. The angle
between two forces is « . It’s clear that:

F,(t) =qE, cos (6)
F,(t) = qE, cos at (7)

According to the main equation of
the dynamic and fig.2:

mX = F,(t) + F,(t)cos ®)

my = F, (t)sina

The components of velocity of ions
on the two axis X and Y are:

X = — [ (F,(t) + F,(t) cos )dt
9)
F, (t) sin adt

<l
I
S|~ 3|+

O+ O —

X(t) = EH(\ ﬁl(t)\ + \ﬁz (t)\ cos a)dtdt
m 00
!t (10)
y(t) = % ! ! \ﬁz (t)\sin adtdt

Usually the electrical field between
the two pairs of patient’s conductors is
homogeneity.

E,(h,y,z) = const A E,(X, ,z) = const (11)

Therefore in every point in the
space between the patient's conduc-
tors:

E, (1) =%A E, (1) =% (12)

1 2

where: |,l, are the respective dis-

tance between conductors A-A and B-B
(fig.1).

Equations (12) can be put in the
equations (6) and (7). Then the equa-
tions (6) and (7) can be put in the equa-
tions (8):

2
d ;(=&($COS27Zf1t+
dt m I,

+ % COs « cos 2xf,t) (13)
2

2
d’y _ay, sin « cos 2xf ,t

dt®>  ml,

It's clear that an optimization of the
components of velocity and movement
of ions on the two axis X and Y is pos-
sible by optimization of the value of an-
gle aand values of output tensions
U,(t) and U,(t) of two generators. The-

se components depend to the mass m
and electrical charge of ions, according
to the equation (9) and (10), also. The
ion’s current on the axis X and Y can be
calculated by equations (14) and (15):
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2

. q’s,, U, .
t)=—"(—— 278t
i, (t) - (2;sz sin 27f,t +

U, cos h (14)
—2 5% gy 27£,t)
2111,
2s U, sin
i (=222 % Gromt (15)
27f,ml,
Where:

f, and f, are the frequencies of two
generators;

s, and s are the sections of ion’s
flows on the axis X and Y.

The ions of Na® and CI~ are the
main kind of ions in the human body.
For example the trajectory of ions of
Cl™ can.

be seen on fig.3 in the case of fol-
lowing parameters:

U,,=15,U, =30V,a =45",

f, = 4000[Hz], f, = 4000 — 4100[Hz]

I, =1, =0,08[m]

The output signal of the second gen-

erator is frequency modulated and the
deviation is:Af =100[Hz]. The dimen-

sions on the axis X and Y are [m.107°].
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The moment trajectory of the ions
can be seen on fig. 4.
Usually these kind of therapy is used in
medicine in physiotherapy for reducing

TpaekTopus Ha ABWKeHWe Ha 3apaja

of pain. An application of this method in
the case where the pain is in the foot
can be seen on fig.5.

TpaekTopusi Ha ABWKeHne Ha 3apaaa [x(t).y(t)]
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Fig. 5
Conclusion

A mathematical description and
computer visualization of movement of
ions in the live tissues is described in
the paper.

The results of investigations can be
used for obtaining of more good effect
in the process of therapy with interfe-
rent currents.

References

[1] Hristov, V. A MODIFICATION OF PUSH-
OUT MECHANISM. Proc. of the Conferen-
ce Computer Science’2005, Chalkidiki,
Greece, 30 September — 2 October, 2005,
Part |, pp. 37- 41.

[21 Hristov, V., and V. Vatchkov, Web based
system for microscope observation with
structural analyzer EPIQUANT, Engineer-
ing Science Magazine, 2006, No 2, pp. 17-
24,



