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Abstract 
 

An investigation of simultaneously 
influence of two low frequency electrical 
signals and one magnetic signals on 
the ions in the live tissue is described in 
the paper. The results of computer si-
mulation of the movement of ions is 
shown. The investigations are in con-
nections with medical application of 
electrotherapy (application ointerferent 
currents) together with magnetotherapy. 

 
1. Introduction 
 

The clinical results obtained by se-
parate application of interferent currents 
and low frequency or permanent mag-
netic field are well known in medicine[…]. 
Nevertheless the results of investigation 
on the movement of ions in the live tissue 
provided by influence of external low fre-
quency electrical or magnetic field are 
not known. There are not scientific re-
sults in medicine and in engineering, also 
on simultaneously application of low fre-
quency electrical and magnetic field on 
the human body. These investigations 
are the goal of the present paper.  

 

2. Mathematical description 
 

The two low frequency electrical 
field are provided by two independent 

generators. The output tensions 1U  and 

2U  are on the respective pair patient’s 

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

Fig. 1 
 

The space disposition of the vectors 

of two electrical forces 1F


 and 2F


 and 

the vector of magnetic induction B


 can 
be seen on fig.2. 

The ion with masse m and electrical 
charge q is situated in the centre of co-
ordinate system X,Y,Z. There are influ-

ence of three forces 321 ,, FFF


 on the ions. 

tEqtF m 111 cos)( 


    (1) 

tEqtF m 222 cos)( 


    (2) 

)cos()( 33 tBxVqtF m 


     (3) 

where: 

1U  and 2U are the tensions on the 

two pairs of patient’s conductors; 

1  and 2  are the frequencies of 

the two independent generators;  

21,EE


 are the intensities of the two 

electrical fields; 
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B


is the magnetic induction in the 
point of particle; 

V  is the velocity of particle. 

Fig. 2 
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  (4)  

)()()()( 2222 tFktFjtFitF zyx


  (5)  

)()()()( 3333 tFktFjtFitF zyx


  (6) 

where: 

kji


,,  are the single vectors on the 

axis X,Y and Z; 

zyx FFF 111 ,,  are the components of 

1F


on the axis X,Y,Z; 

zyx FFF 222 ,,  are the components of 

2F


on the axis X,Y,Z; 

zyx FFF 333 ,,  are the components of 

3F


on the axis X,Y,Z. 

If the superposition can be used:  
 

)()()()( 321 tFtFtFtF


  (7) 

 
The equations (8), (9) and (10) are 

the equations of movement of charged 
particle under simultaneously influence 
of two electrical fields and magnetic 
field.  

)()()()(
)(
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2

tFtFtFtF
dt

txd
m xxxx    (8) 

 

)()()()(
)(

3212

2

tFtFtFtF
dt

tyd
m yyyy    (9) 

 

)()()()(
)(

3212

2

tFtFtFtF
dt

tzd
m zzzz     (10) 

where:  
)(),(),( tztytx are the components of 

movement of the charged particle. 
 

 
 

(11) 
 

 
 
 
(12) 
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where: 
 

dt

tdz
V
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V

dt

tdx
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Finaly: 
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The investigations have been done 

in the case when the signal of the sec-
ond generator is frequency modulated. 
The results of computer simulation of 
components of movements and velocity 
on the three axis X,Y,Z in the case of 

ions of Na  can be seen on fig.3. The 

parameters for this investigation are: 
 

 45,60,30,16

,03,0,41004000,4000

21

21





VUU

mTBHzfHzf

 

 
 

 
Fig. 3a. The movement and velocity of 

Na  on X 
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Fig. 3b. The movement and velocity of 

Na  on Y 

 

 
Fig. 3c. The movement and velocity of 

Na  on Z 
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Fig. 3d. The movement of 

Na   

 
 
3. Conclusion 
 
The results of investigations, de-

scribed in the paper are connected with 
new method for simultaneously applica-
tion of permanent magnetic field and 
low frequency interferent currents. 
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