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Introduction

The clinical results of separate therapy by low
frequency magnetic field or by low frequency electrical
field (including different kind of electrical signals) are
well known in medicine. But one simultaneous influence
of low frequency magnetic signals and low frequency
electrical signals on the human body is a new method in
physiotherapy. The parameters of applied low frequency
electrical and magnetic signals can be optimized only on
the base of one preliminary visualization of  space
configuration of the field of current density in the process
of interference of two low frequency independent electrical
currents and independent magnetic field in the alive tissue.
This space configuration can be obtained as result of
computer simulation of movement of some ions in the
dive tissue. The lines of this movement of ions are very
important in the process of medical therapy. The lines of
ion’s movement are the lines of the field of current density

in aive tissue also. It's known that the ions of Na* and

Cl~ havethe top-level of concentration in the alive tissue.
Therefore the next investigations are connected with these
two ions.

Mathematical investigation

The ions of dive tissue are under influence of
electrical E(x Y, z1t)

induction |_5>(X, Y, Z,t) .It's possible to accept that the ion

isin the beginning of coordinate system XY Z (fig.1).
The mutual situation of vectors of electrical intensity

E(X, Y, Z,t) and magnetic induction |_5>(X, Y, Z,t) can be
seen on the Fig. 1.

intensity and magnetic

In this case:
E=E +E, +E,, )
B=B,. )

Fig. 1. Disposition of vectors E(X, y,zt) and I§(X, Y, zt)

The angle ﬂ is between the projection of vector of

electrical intensity E(X, Y, Z,t) on the plan XY and the

axis X. The angle ¥ is between the vector of electrical
intensity E(X, Y, Z,t) and axis Z.

The equation of movement of ion under influence of
electrical E(X, y,zt) ad

intensity magnetic

induction I§(X, Y, Z,t)is

dr(t)
dt?

% xB(x,y,z1)]. 3

m =QE(X,Y,z,t) +

wherem— the mass of ion; q — electrical charge of ion; 1
—the tangential vector of movement of ion;

According to the Fig. 1:
E, =|E(x, Y, z,t)|sin7/cosﬁ,
E, :|E(x, Y, z,t)|sin;/cosﬁ, (4)
E,= |E(x, Y, z,t)|cos;/.

Its possible to obtain equation (5) taking in account
equations (3) and (4):



ddXZ(t) =g[E(x Vy,zt)sinycosf + B(X, Y, zt) w],
ddyz(t) alE(x, Y, z,t)sinysin B + B(X, y, z,t) dx(t)] 5
ddzz(t) = gE(x, Y,z t)cosy.

One of the often used apparatus for electrotherapy is
AMLIPULS. This apparatus provides a middle frequency
electrical signals with amplitude modulation. Usually the
frequency of the carrier signals is 4000Hz. There are one
pair of output electrodes. In this case the movements of
ions are on different curved lines. The different output

signals Eout (t) of this apparatus in the case of separate

application can be seen on fig.2. The character of
trajectory of ions under influence of this signals is the

sameas E_ (t).

Fig. 2. Output signals of apparatus AMPLIPULS

According to the medical investigations and
conclusions, the therapy would be more successful if the
movements of ions would be in 3D space. This 3D
movement can be obtained easy if the ions are under
influence of magnetic fiedld simultaneously with the
influence of electrical field according to the equations
(5).In the case of application of output electrical signals of
AMPLIPULS with amplitude modulation, the conditions
for solving of equations (5) are:

E(t) = E,,(1+ mcosa,t) cosm,t A

A Eq (% Y, 2) = const A B(x, Y, z,t) = const A
AM=1Awm; =const A w, = const A

AP =45 ny=45 ©)

where @, — the frequency of amplitude modulation; o, —

the frequency of carrier signals; m — the coefficient of
amplitude modulation; B and y — angles according to

Fig. 1.

The differential equations (5) can be written in
modification (7), (8 and (9) taking in account the
conditions (6):

d X(t) =(qE,sinycosB(1+
+MCoSm;t) COSw,t + dﬁt) B, (7)
d t . .
dyz( ) =qE,sinysnpg(l+
+MCosm;t) CoSw,t + d);(t) Bl, )
2
m d"z(t) =gE,, cosy(1+
+ Mcoso;t) cosw,t. €)

Computer simulation of movements of ions in live
tissues

The equations (7),(8) and (9) can be solved by
computer, using MATLAB package. The visualization of
solutions of equations (7),(8) and (9) can be seen on fig.3
for the following val ues of parameters:

‘Em‘ =100V / ml, @, = 2750(1/ ],
@, = 274000, m:l‘é ‘ = 30[mT]. (10)
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Fig. 3a. Traectory of movement and velocity of ions on the
axis X
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Fig. 3b. Trajectory of movement and velocity of ions on the
axisY
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Fig. 3d. Trajectory of movement of ionsin 3D space

The trgjectory of movement and velocity of ions on
the axis X can be seen on fig.3a, the trgectory of
movement and velocity of ions on the axis Y can be seen
on fig.3b and the trgjectory of movement and velocity of
ions on the axis Z can be seen on fig.3c. The trajectory of
movement of ions in 3D space can be seen on fig.3d. It's
easy to see the difference between the trgjectories of
movements of ions on fig.2 and on fig.3d. The 3D
trajectory of movement of ions can be obtained very easy.
It's necessary to be provided only influence of permanent
magnetic field together with the output signals of
AMPLIPULS.

On the Fig. 4 the visualization of solutions of
equations (7), (8) and (9) can be seen for the following
parameters:

|Em| = 2000V / m], e, = 2750(1/ 5],
_ (11)
w, = 274000, m = 0.7,|B | = 30[mT].

There is a difference between the trajectories of
movement of ions on Fig. 3 and Fig. 4 because of
difference between values of amplitudes of intensity of

electrical field|E,,| and between the values of coefficient

of amplitude modulation M. This is one simple method
for change and optimization of trajectory of movement of
ions in 3D space by change of values of parameters in
equations (7), (8) and (9). In other side the trajectory of
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movements of ions depends to the mass and electrical

charge of ion. The movements of ions of Na’ is
described in the paper astheseionsand ionsof Cl~ have
the main level in the blood. The mass of ions of Na" is
M =3.817e-26[kg] and the electrical charge is (=
1,6x10%°[C].
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Fig. 4a. Trajectory of movement and velocity of ions on the
axis X
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Fig. 4b. Trajectory of movement and velocity of ions on the
axisY
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Fig. 4c. Trajectory of movement and velocity of ions on the

axis X

The trgjectory of movement and velocity of ions on
the axis X can be seen on Fig. 4a, the trgectory of
movement and velocity of ions on the axis Y can be seen
on Fig. 4b and the trgjectory of movement and velocity of
ions on the axis Z can be seen on Fig. 4c. Thetrgjectory of
movement of ionsin 3D space can be seen on Fig. 4d.



TpaskTopHA Ha 3apana

of magnetic induction B of the permanent magnetic field.
It's clear that the 3D trajectory of movement of ions can be
modified very easy by change of value of magnetic
induction.

Conclusion

On the base of mathematical investigation and
computer simulation has been demonstrate one simple
possibility for obtaining of 3D trajectory of movement of
ions of alive tissues in the case of Amplipuls therapy, by
simultaneously application of permanent magnetic field.

Fig. 4d. Trajectory of movement of ionsin 3D space
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D. Tz. Dimitrov. Simultaneously Influence of Magnetic and Electrical Field on the Human Body // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2008. — No. 7(87). — P. 77-80.

An investigation on influence of magnetic field on the trgjectory of movement of ionsin alive tissues in the case of e ectrotherapy
by application of apparatus AMLIPULS is described in the paper. An mathematical description of movement of ions in aivetissuesis
done on the base of space disposition of vectors of electrical intensity and magnetic induction. Then some results of computer

simulation of movement of ionsof Na™ is described in the paper astheseions and ionsof Cl~ have the main level in the blood in
the case of simultaneously influence of low frequency electrical signals with amplitude modulation and permanent magnetic field. IIl. 5,
bibl. 8 (in English; summariesin English, Russian and Lithuanian).

J. . Inmutpos. OnHOBpeMeHHOe BO3/lelicTBHe MATHUTHOTO 1 3JIEKTPHYECKOro MoJisl Ha YeJ0BeYeckoe Teso // JIeKTPOHUKa 1
nekTporexnuka. — Kaynac: Texnousorus, 2008. — Ne 7(87). — C. 77-80.

OnuceiBaeTcs  BO3ACHCTBUE MAarHUTHOIO IOJS HAa TPAacKTOPUU HOHOB B JKHUBBIX TKAHAX, KOIJa OJHOBPEMEHHO IIPOBOAUTCA
anexrporepanus annaparoM AMIIIAITYJIBCOM. MatemaTtudeckoe ONUCaHHE IBU)KECHHS HMOHOB B JKHBBIX TKAaHSAX JaHO Ha OCHOBE
MIPOCTPAHCTBEHHOI'O PACHOJI0XKEHUS BEKTOPOB JICKTPUYECKON HApSOKEHHOCTH M MAarHUTHOM MHAYKUMU. JlaHBl pe3ynbTaThbl

+ _
KOMITBIOTEPHOTO MOJIETPOBaHus nBmkeHus vonoB Na™ , motomy uro yposens 3tux 1 Cl~ noHOB B KpOBM O/1MH W3 CaMBIX GONBIINX,
KOT'J]a BMECTE C IOCTOSTHHUM MarHUTHHUM I0JIEM ACHCTBYeT M HM3KOYACTOTHBIN aMIUIMTYIHOMIYJIMPOBAHHbIN SNEKTPUUECKHI CUTHAIL.
Wn. 5, 6n6xn. 8 (Ha aHrIMICKOM SI3BIKE, pedepaThl Ha aHTIIMHCKOM, PYCCKOM U JINTOBCKOM fI3.).

D. Tz. Dimitrov. Vienalaikis Zmogaus kino veikimas magnetiniu ir elektriniu laukais // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2008. — Nr. 7(87). — P. 77-80.

Aprasoma magnetinio lauko jtaka jonu judéjimui gyvuose audiniuose atliekant elektroterapija aparatu AMLIPULS. Pasinaudojus
erdviniu elektrinés jtampos ir magnetinés indukcijos vektoriu issidéstymu, sudarytas matematinis jony judéjimo gyvuose audiniuose
aprasymas. Pateikti Na* jony judéjimo modeliavimo rezultatai, nesjy ir Cl ~ jonuy kiekis kraujyje yra didziausias, kai tuo pasiu veikia
ir nuolatinis magnetinis laukas, ir moduliuotos amplitudés zemo daznio elektrinis signalas. 11. 5, bibl. 8 (anglu kalba; santraukos angly,
rusy ir lietuviy k.).
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