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Application of Appratus for Magnetotherapy together
with Amplipuls in Medicine

Dimiter Tz. Dimitrov!, Boncho A. Bonchev? ,Atanas D. Dimitrov?®

Abstract — “The healing effect of separate application of low
frequency magnetic field generated by apparatus for magneto-
therapy is well known in medicine. The healing effect of separate
application of middle frequency electrical signals with amplitude
modulation generated by apparatus, called amplipuls is also well
known. But a simultaneously application of low frequency
magnetic field generated by apparatus for magneto-therapy and
middle frequency electrical signals with amplitude modulation
generated by amplipuls is a new method in physiotherapy. The
mathematical description and computer simulation of movement
of ions in alive tissue in the case of simultaneously application of
apparatus for magneto-therapy and amplipuls is the goal of
present paper. These mathematical description and computer
simulation are important not only for medical education , but for
engineering education, also.
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|. INTRODUCTION

The separate influence of apparatus for low frequency
magnetic field for therapy of hand (for instance) can be seen
on Fig.1

Figl.Separate application of low frequency magnetic field for
therapy of hand

On the Fig.2 can be seen different electrical signals
generated by amplipuls. The influence of electrical field is on
alive tissues is only on the base these 1D-signals in the case of
separate application of amplipuls.
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Fig.2.0tput signals of amplipuls

There are influence of two fields on the ions in alive
tissues: electrical with intensity E(t)and magnetic with

magnetic induction Ig(t) in the case of simultaneously

application of apparatus for magneto-therapy and apparatus
for middle frequency electrical signals with amplitude
modulation called amplipuls(Fig.3).

Fig.3 Influence of electrical and magnetic signals on the ion,
which in the centre of coordinate systems X,Y,Z

Il. MATHEMATICAL DESCRIPTION AND COMPUTER

VISUALIZATION OF MOVEMENT OF IONS
A. Mathematical description

According to the Fig.3, in the case of simultaneously
application of apparatus for magneto-therapy and amplipuls
(simultaneously influence of two fields on the ions in alive

tissues: electrical with intensity E(t)and magnetic with
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magnetic induction B(t)), the movement of ions can be
described using the differential equations:

m, dd:(t) =g[E(X,Y,z,t)sinycos S +
+ B(x,y,z,t) dyit)
m, ddfz(t) =g[E(X,Y,z,t)sinysin B+
1
+ B(x,Y,z,t) dX(t)] ?
m, ddiz(t) =gE(X,Yy,z,t)cosy
where:

E(X, Y, z,t) is the intensity of electrical field;

I§(X, Y, Z,t) is the magnetic induction;

m; is the mass of ion;

[ is the angle between axis X and projection of the vector

of intensity of electrical field E (X, Y, Z,t) on the plane XOY;
y is the angle between axis Z and vector of intensity of

electrical field E(X, Y,Z,1);
If:

E(t)=E, (1+mcoswt)cosw,t A
AE, (X,y,2) = const A B(x, y,z) = const A
B(t) = B, cosw,t Am = const A @, = const A

A @, =CONSt A @, =const, f =y =45
the equations (1) can be written as equations (2):

2
m, ddi(z(t) =([E, sinycos S(1+
+Mmcos m,t) cos m,t + di;it) B,, cos w,t]
m, d yz(t) =q[E, sinysin f(1+
dt @)
+mcos m,t) cos m,t + ——=~ ( ) B,, cos w,t]
2
m; dd,fz(t) = gE,, cos y(1+ mcos w;t) cos w,t
where:

m is the coefficient of amplitude modulation of electrical
signals;

w, is the frequency of low frequency electrical signal for
amplitude modulation;

330

w, is the frequency of carried electrical signal;
@, is the low frequency of magnetic signal;

Em is the amplitude of electrical intensity;

I§m is the amplitude of magnetic induction.

B. Computer visualization of movement of ions in alive
tissues

The equations (2) can be solved by MATLAB. Their
solutions can be investigated for different values of
parameters. The solutions of equations (2) can be seen on

Fig.4 in the case of movement of ions of Na' for the
following values of parameters:

= 200V /m], o, = 27r100[1/ s],

= 30[mT],

@, = 275001/ 5]

38KOH HA ABKMHEHWS x=X[{)

Fig.4a Movement and velocity of Na" ions on the axis X

38KOH HA ABMHEHNE y=y({)

Fig.4b Movement and velocity of Na™ ions on the axis Y
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Fig.4c Movement and velocity of Na " ions on the axis Z

TpaekTopwA Ha 3apana

Fig.4d 3D -trajectory of movement of Na* ions

Separately on the axis X,Y and Z (Fig. 4a, Fig.4b and
Fig.4c), the movements and velocities of ions are periodical
because of the periodical “external” electrical and magnetic
signals.The trajectory of movement of ions are 3D (Fig.4d).
This is the main result of simultaneously application of
apparatus for magneto-therapy and amplipuls. This is the main
reason for obtaining of more fast healing effect.

The trajectory of movement of ions depends to the value of
amplitude of carried electrical signals in the process of
amplitude modulation in the apparatus amplipuls. The results
of investigation of trajectory and velocity of ions in the case
when

= 30[mT], @, = 2750[L/s]

can be seen on the Fig.5.

The trajectories and velocities on the axis X,Y and Z are
again periodical because of influence of periodical external
electrical and magnetic signals , but there is lessening of
values of amplitudes of functions of movements and velocities
on the axis X,Y and Z. This effect is only because of decrease
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Fig. 5a Movement and velocity of Na™ ions on the axis X
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Fig.5b Movement and velocity of Na™ ions on the axis Y
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Fig.5c Movement and velocity of Na ™ ions on the axis Z
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Fig.5d 3D -trajectory of movement of Na™ ions

The trajectory of movement of ions depends to the values
of angles f and y (Fig.3). The results of investigations
which can be seen on the Fig.4 anf Fig.5 are for the values of
these angles = = 45" . The 3D trajectyory of movement
of ions when

\Em =1V /m], @, = 2750[L/s],

w, = 274000[1/s],

m=1,B, | =30[mT],@, = 2250[1/ 9],
B=85,y=30°

can be seen on Fig.6

TpaskTopwA Ha 3apana

Fig.6 3D -trajectory of movement of Na" ions

It’s clear that there is a rotation of 3D trajectory of
movement of ions if the Fig.5d and Fig.6 would be
compared. Of course the trajectory is periodical because the
external electrical and magnetic signals are periodical.

I111. CONCLUSION

1.A mathematical descriptions and computer simulation of
movements of ions in alive tissues in the case of
simultaneously application of apparatus for magneto-therapy
and amplipuls is described in the paper.

2.An investigation of influence of different parameters of
external electrical and magnetic signals on the movement of
ions in alive tissues has been done in the paper.

3.It’s clear that the trajectory of movement of ions is 3dD in
the case of simultaneously application of apparatus for
magneto-therapy and amplipuls.

4.The trajectories and velocities of movement of ions in
alive tissues are periodical if the external electrical and
magnetic signals are periodical.

5.The obtained results , described in the paper can be used
not only as scientific and one base for development of medical
therapy , using new more effective methods, but for
presentation in the process of education, also.
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