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Abstract: When the classical charged particle is scattered on the likely charged target particle, executing the rapid finite 

motion, a metastable bound state of the incident particle and the target particle may occur. This type of behavior differs 

dramatically from the Rutherford scattering. 
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1. Introduction 

According to classical physics, the likely charged par-

ticles are always repelled from each others and can not form 

a bound state. This was a statement, which no one could ever 

prejudice before. However, in the course of time it was 

found out, that certain physical states exist, at which two 

likely charged particles are effectively attracted, and as a 

result, a stable bound state or a pair is formed. 

Cooper pairing of degenerated electrons, occurring in the 

crystal lattice thanks to polarizing electron-phonon interac-

tion [1] is the first example of the above said attraction. It is 

worth reminding that the phenomenon of Cooper pairing is 

fundamental for understanding of super-conductivity of 

metals. 

Let us recall several recent examples of similar coupling 

mechanisms. In [2], for instance, interaction of two electrons 

in low-temperature plasma via virtual acoustic waves is 

considered. It is shown, that under certain conditions elec-

trons can be attracted to each other. This type of attraction, 

as is assumed in [2], allows to explain stability and big life-

time of compact plasmoids such as ball lightning. As is 

shown in [3], when plasma, featuring quantum-degenerated 

electrons is calculated, effective attraction of likely charged 

ions at certain distances occur, if electron-correlation po-

tential is accounted for, which, in its turn, may result in 

phase transitions occurring in quantum plasma. Examples 

[1−3] may be referred to the type of bounding, which be-

comes possible due to collective interaction with back-

ground medium.  

However, alternative types of bounding and attraction of 

likely charged particles may be exemplified here. In papers 

[4−6], for instance, electrostatic interaction of two closely 

located charged metal balls of different diameter is consi-

dered. The idea of attraction of these balls is based on in-

homogeneous distribution of charges along the surface of 

the balls: as the charges are repelled from each other, they 

relocate to the remote sections of the ball surface, leaving 

non-compensated charged of the opposite sign at the prox-

imal sections. As a result, two sections with different signs 

of charge are formed on the surface of both balls, due to 

which attraction is ensured and formation of electrostatically 

bound state of the balls is stipulated for. 

The present paper offers a new principle of creation of the 

bound state for the likely charged particles, based on the 

dynamic capture, happening when one particle is scattered 

on the other particle. 

2. Calculation of A Metastable Bound 

State 

It is known, that the process of scattering of the incident 

particle on the other particle, which initially plays the role 

of immobile target, obeys the Rutherford law [7]. However, 

if the target particle, for any reason, executes the rapid fi-

nite motion: oscillates, rotates or moves along some other 

closed trajectory, than the Rutherford scattering law is not 

satisfied and in certain cases a long-living bound state be-

tween the incident particle and the target particle may be 

formed. Presented below are some examples of this state-
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ment. 

Let us consider the simple case of scattering of the inci-

dent particle on the target particle in a plane setup. We will 

assume that the target particle executes some specified fi-

nite motion according to the following law: 
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Then, in general case, its trajectory will be elliptic. Hav-

ing assumed that the incident particle and the target particle 

interact according to the Coulomb force, one may match 

the parameters of interaction in such a way, that the inci-

dent particle will stay inside the above ellipse arbitrarily 

long. 

Figure 1 illustrates the trajectory of the incident particle, 

locked inside the elliptic trajectory of the target particle, 

calculated as the solution of the classic motion equation 

and written in the coordinate form as the system of norma-

lized differential equations: 
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Figure 1 testified to the fact, that the target particle forms 

the effective dynamic potential well, the contour of which is 

provided by its elliptic trajectory. Parameters of the corres-

ponding calculation are as follows: 100 == yx ; π=ω 102,1 ; 

451 π=ϕ ; 232 π−=ϕ , initial velocity of the incident 

particle has components 
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and its initial disposition 
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Figure 2 shows the time dependence of the distance ( )tr  

between the instantaneous position of the incident locked 

particle and the origin of coordinates, demonstrating that the 

process of containment may last long enough, so that one 

might conclude that metastable bound state of the two likely 

charged classic particles have formed. The incident particle 

is locked and retained as follows: as soon as the incident 

particle approximates the ellipse, the rapidly rotating target 

particle finds itself there and pushes the incident particle into 

the ellipse. This mechanism is similar to one-dimensional 

locking of the charged particle by an oscillating potential 

barrier, which is described in [8, 9]. 

Such solutions may be observed at the same elliptic tra-

jectory pf the target particle, but at other initial conditions. 

For example, metastable bound state at 
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it is presented in Figure 3 and 4. 

As the calculations show, the above capture of the inci-

dent particle into the bound state may repeat in the other 

finite trajectories of the target particle, for instance, the 

Lissajous curves. Results of the calculations with the Lis-

sajous curves are shown in Figure 5−7: for 100 == yx ; 

π=ω 161 ; π=ω 242 ; 451 π=ϕ ; 232 π−=ϕ  at initial 

conditions 
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and  

 

Figure 1. Trajectories of the particles: thick line for the target particle; thin line for the incident particle at initial conditions (3) and (4) . 
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Figure 2. The time dependences of transverse coordinate for the target particle (1) and of distance between position of the incident locked particle and the 

origin of coordinates at initial conditions (3) and (4). 

 

Figure 3. Trajectories of the particles: thick line for the target particle; thin line for the incident particle at initial conditions (5) and (6) . 

 

Figure 4. The time dependences of transverse coordinate for the target particle (1) and of distance between position of the incident locked particle and the 

origin of coordinates at initial conditions (5) and (6). 

 

Figure 5. Trajectories of the particles: thick line for the target particle; thin line for the incident particle at initial conditions (7) and (8) . 



56 Alexander E. Dubinov et al.: Metastable bound state of two likely charged classic Coulomb particles 

 

 

Figure 6. The time dependences of transverse coordinate for the target particle (1) and of distance between position of the incident locked particle and the 

origin of coordinates at initial conditions (7) and (8). 

 

Figure 7. Trajectories of the particles: thick line for the target particle; thin line for the incident particle at initial conditions (9) and (10) . 

 

Figure 8. The time dependences of transverse coordinate for the target particle (1) and of distance between position of the incident locked particle and the 

origin of coordinates at initial conditions (9) and (10). 

 

Figure 9. Trajectories of the particles: thick line for the target particle; thin line for the incident particle at initial conditions (11) and (12) . 
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Figure 10. The time dependences of transverse coordinate for the target particle (1) and of distance between position of the incident locked particle and the 

origin of coordinates at initial conditions (11) and (12). 
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and for other Lissajous curves for 100 == yx ; π=ω 81 ; 

π=ω 142 ; 451 π=ϕ ; 232 π−=ϕ  at 
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We have considered still only closed finite trajectories of 

the target particle. Then one example of open finite trajec-

tory is shown in the Figures 9 and 10. The figures are drawn 

for next parameters: 100 == yx ; π=ω 101 ; 102 =ω ; 

451 π=ϕ ; 232 π−=ϕ at 
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3. Conclusions 

Thus, a possibility of formation of the bound state of the 

two likely charged classic particles is demonstrated and 

proved via calculations in the present paper for different 

finite trajectories of the target particle.  
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