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Abstract 

On the premise that the charged particle is a normal geometry model, an expression of the migration current, displacement 

current and magnetic induction intensity generated by the charged particle motion is deduced according to the microscopic 

definition of current intensity, the total current law and the Biot-Savart law. Further calculate the electric field force between two 

charged particles in vacuum, give the velocity constraint relationship and velocity value criterion of the electric and magnetic 

field forces, and compare the consistency with the correlation results obtained considering the relativistic effect. It is pointed out 

that the magnetic field force is comparable to the electric field force only when the charged particle moves near the speed of light. 
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1. Introduction 

The so-called parallel charged particles refer to the charged 

particles moving side by side in the same speed and in the 

same direction. 

There are interacting electric field forces between static 

charges, and there are interacting magnetic field forces be-

tween moving charges in addition to interacting electric field 

forces. Therefore, the interactions between the moving 

charged particles are more complex. 

According to the classical electromagnetic theory com-

bined with the assumption of the gauge geometry model of 

charged particles compare detailed calculation analysis and 

according to the electrodynamics considering the theory of 

relativity results, only quantitative discuss two equally 

charged particles with the same speed in parallel motion in-

teraction. At the same time, according to the comparison 

results, the question of whether the common overhead cur-

rent-carrying transmission wires will have adverse accidents 

due to the interaction of current and magnetic field is simply 

answered. 
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2. The Calculation of the Classical 

Theory 

2.1. Current Formed by the Movement of a 

Charged Particle 

The current generated during the movement of isolated 

charged particles includes the migration current on the parti-

cle movement track and the displacement current in the space 

around the particle. Among them, migration current, also 

known as current current or convection current, refers to the 

current formed by the regular motion of the charge in the 

space (such as vacuum or extremely thin gas); the displace-

ment current is the integral of the rate of change of the electric 

displacement vector with time over a surface, the concept of 

displacement current only represents the rate of change of the 

electric field. 

2.1.1. Migration Current 

Let the particle be a gauge positive cube of edge length d, 

with an electric charge of q, moving in a straight line with a 

velocity v. Consider the current path of the particle as a 

prismatic conductor with a cross-sectional area of d². There is 

only one free charge, that is, one charged particle, in the 

volume of d³. 

According to the microscopic definition of the current in-

tensity 

(n is the number of free charges per unit volume)QI nqSv  (1) 

The intensity of the moving current formed during the 

movement of a charged particle is obtained as 

Q

qv
I

d
                   (2) 

To illustrate, the same expression of the migratory current 

can be obtained by using different spatial models for particles. 

For example, If the particle is regarded as a gauge sphere with 

diameter d, In the case of the above motion, the current path 

formed by the particle motion is regarded as a 1/4πd² cylin-

drical conductor with a cross-sectional area, If there is only 

one free charge in the volume of 1/4πd³, that is, one charged 

particle, then the migration current expression is the same 

d

qv
IQ                    (3) 

2.1.2. The Displacement Current 

Assume that a charged particle with a certain amount of 

charge is moving in a straight line with a velocity v towards o 

point, and the distance between the o particle and the point is x, 

as shown in Figure 1. Take the point o as the center of the 

circle to make a circle r of radius, the circle surface is per-

pendicular v to the particle velocity, take a ring of radius on 

the circle surface, the area of the ring is RRS d2d  , the 

Angle between the direction of the normal and the direction of 

the electric field is ф and the electric field intensity at the 

surface element is 

 

Figure 1. Calculatin o of displacement current. 
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Thus, the electrical flux through the loop is given at 
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Thus, the electric displacement flux through the loop is 


















22
0 1

2 rx

xq
ED            (7) 

It can be seen that the larger the radius of the circle made at 

one point along the axis of the particle motion, the greater the 

flux of electrical displacement through the circle. Considering 

v
t

x


d

d , it is not difficult to conclude that the displacement 

current passing through the loop is 
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O 0x When the particle is in the center of the circle, 

immediately, the formula (8) becomes 
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r

qv
ID

2

1
                     (9) 

Obviously, the displacement current generated by the mo-

tion of a charged particle at a point in the surrounding space is 

related to the distance from that point to the particle. 

2.2. Magnetic Field Resulting from the Motion 

of a Charged Particle 

In order to compare and explain the rationality of the 

charged particle model and the nature of the magnetic field 

generated by the charged particle motion, the magnetic field 

generated by the charged particle motion. 

2.2.1. Calculated Based on the Migration Current 

Based on the assumption of the particle model in the moving 

current calculation, the moving charged particle can be re-

garded as a current element with a length equal to the diameter 

of the particle, and the magnetic field generated by the current 

element in its surrounding space can be generated according to 

the Biot-Saval law [1-3] r P Find out. As shown in Figure 2, 

the magnetic induction intensity at a point from the moving 

charged particle (the velocity vertical to the particle) is 

 

Figure 2. Magnetic Field Generated by the Motino of Charged 

Particles. 
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Where, it is the vacuum per-

meability (the same below). Considering that in practical 

situations, dr  , 
r

d

2
cos 1  ,

r

d

2
cos 2   Therefore, 

formula (10) can be rewritten as 

2

0

4 r

dI
B

Q




                    (11) 

The electric current 
QI  is determined by the formula (2). 

Therefore, by substituting formula (2) into formula (11), the 

P  pmagnetic induction strength at the available point is 

2

0

4 r

qv
B 




                (12) 

2.2.2. Calculate According to the Displacement 

Current 

According to the assumption of the displacement current 

calculation in Figure 1, the boundary of the circle is taken as 

the loop. Because the magnetic field of the circuit is the same, 

according to the full current law[ [4-10], have 

DC
L

IIsH  d               (13) 

Due to the conduction current 0CI , the formula (13) can 

be reduced to 

D
L

IsH  d                 (14) 

That is, the relationship between the displacement current 

and the magnetic field strength is 

DIrH  2                 (15) 

In consideration HB 0 , substitute formula (8) into 

formula (15), the magnetic induction strength is 
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When the particle is at the center of the circle O , imme-

diately 0x , the formula (16) becomes 

2

0

4 r

qv
B 




               (17) 

Obviously, formula (17) is exactly equivalent to formula 

(12). It shows that the two methods of calculating the charged 

particle motion in space according to the migration current 

and the displacement current are equivalent, which reflects 

the unity of the nature of things. That is, the magnetic field 

generated by the migration current and the magnetic field 

generated by the displacement current are, in fact, the same 

magnetic field, essentially produced by the specific motion of 

the same given charged particle. 
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2.3. Interactions of the Two Moving Charged 

Particles 

For simplicity, the aforementioned model of moving cur-

rent is analyzed and discussed here. 

Two identical charged particles apart r move in parallel in 

the same direction at the same speed (the direction of move-

ment is perpendicular to the connection of the two particles), 

as shown in Figure 3. Obviously, one of the particles is in the 

magnetic and electric fields of the other The magnetic field 

force for the interaction between the two particles is given by 

 

Figure 3. Charged particles flying parallel at the same speed and 

direction. 

dBIF Qmagnetism                 (18) 

Where the current 
QI  is determined by formula (2) and the 

magnetic induction strength B is determined by formula (12). 

Therefore, combining (2) and (12), (18) can be rewritten as 
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It is shown that the electric field interaction between par-

allel charged particles also complies with the Coulomb's law, 

so that the electric field force between two particles is 
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If the mutual repulsion force between the two moving 

charged particles is positive, the mutual attraction is negative. 

Then, from (19) (20), the force between the two particles can 

be expressed as 
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For the same (different) charge, the first term on the right 

side of formula (21) takes the positive (negative) number and 

the second term takes the negative (positive) number. 

It can be seen that the relationship between the interacting 

magnetic field force and the interacting electric field force 

between two charged particles flying in parallel with the same 

speed depends on the velocity of the particles. According to 

formula (19) and formula (20) or formula (21), when the force 

between two particles 
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 (23) 

This is an exciting and wonderful result! 

Obviously, the value of velocity (the speed of light c) ex-

pressed by formula (23) is a criterion for the correlation be-

tween the magnitude of the electric field force and the mag-

netic field force between the charged particles. That is, the 

electric field force between particles with the same electric 

properties (opposite) is mutual exclusion (attraction), and 

when the two particles move side by side in the same direction, 

the magnetic field force between them is mutual attraction 

(repulsion). The details are as follows: 

sm103
1 8

00

 cv


electricmagnetism FF   At that time, 

the effect between the two particles was repulsion (attraction). 

sm103
1 8

00

 cv


electricmagnetism FF   At that time, 

the effect between the two particles behaved as zero. Ac-

cording to the current support theory, this situation is difficult 

or even impossible to achieve. 

sm103
1 8

00

 cv


electricmagnetism FF   At that time, 

the action between the two particles appeared as attraction 

(repulsion). Of course, according to the current support theory, 

this situation does not exist. 

c In practice, because the particle speed is always less than 
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or even much less than the speed of light. Therefore, the 

electric field force between two parallel charged particles is 

always greater or even greater than the magnetic field force. 

3. Results of the Relativistic Effect 

According to the electrodynamics [11-16]. The principle of 

electromagnetic field transformation can obtain the electric 

field between two charged particles, one particle at the other 

particle (consistent with the connection) is 

2
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             (24) 

The magnetic field generated by one particle at another 

particle (perpendicular to the connection) is 
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So, the electric field force of the interaction between the 

two charged particles is 
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The magnetic field force for the interaction between the 

two charged particles is given by 
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Thus, by combining both in (26) (27), the interaction force 

between the two particles is 
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Considering that formula (28) is meaningful, i. e 

01
2

2


c

v
                (29) 

that is 

sm103 8 cv            (30) 

This suggests that the parallel charged particles cannot 

move faster than the speed of light c, or that the magnetic 

field force interacting between the parallel charged particles 

cannot be greater than the electric field force between them. 

Therefore, the interaction between two charged particles is 

always the electric field force, and the magnetic field force 

between them is comparable to the electric field force only 

when the speed of their motion is infinitely close to the speed 

of light c. 

This method of reasoning is used in the relevant journal 

literature [17]. There is a similar statement in it. 

4. Conclusion 

(1) The same charged particle in a given same motion, the 

magnetic field generated by the migration current and the 

magnetic field generated by the displacement current are the 

same magnetic field. Therefore, the effect between the mi-

gration current and the displacement current is the same uni-

fied effect, and only one of these can be quantified when 

studying the macroscopic magnitude of the magnetic field 

interaction between such charged particles. 

(2) Comprehensive comparative analysis of the formula (30) 

and formula (23), the results of considering the corresponding 

effect are consistent with the conclusion drawn by adopting 

the classical electromagnetic theory. This shows that the unity 

between classical electromagnetic theory and relativity exists 

in a certain range of fields, and the speed of light is the bridge 

between them. c  

(3) parallel two charged particles, indicating that the elec-

tric field force and magnetic field force constraints or the (23) 

force and (30) are independent of the charge of the two parti-

cles. Therefore, the charge equivalence of two charged parti-

cles does not affect the relevant conclusions and discussion. 

(4) The usual overhead current transmission wires, in 

which the free charge directional movement rate (
510 m s

order of magnitude) is very small, and the distance between 

the wires (usually about 1-3m) is relatively large. Therefore, 

the current and magnetic field forces between them are very 

weak, and their unit length is generally only 
7 110 N m ~ 10 N m 

, and they will not have adverse acci-

dents because of the current and magnetic field between each 

other. 
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