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Abstract: - The simple and evident scheme on the plane for geometrical interpretation of trajectories of 

particles with various types of spin is described. Trajectories corresponding to the movement of particles and 

antiparticles with half-integer, integer and zero values of spin are shown. The difference of a projection of spin 

on an axis from a projection of spin on the plane is noted. Communication of our approach and Epicurus and Tit 

Lucretius's antique ideas is shown. 
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I. INTRODUCTION 
In quantum mechanics concepts of spin 𝑠 and isotopic spin 𝑇 is widely applied [1, 2]. Though spin and isotopic 

spin describe the different phenomena, their mathematical apparatus coincides. So we will use symbol 𝑠 for any 

kind of spin as it is presented in monograph [1]. 

 

Particles possess integer (𝑠 = 0, 1) or half-integer (𝑠 = 1/2) spin. So for example 𝑠 = 1 for photons, 𝑠 = 1/2 

for electrons, 𝑠 = 1 and 𝑠 = 0 for π-mezon and ∑-hyperon but 𝑠 = 1/2 for nucleons, K-meson and Ξ-hyperon, 

etc. [1, 2]. 

 

Projections of spin on axis 𝑍 [1, 2] can accept positive or negative values: 

 

                                         𝑠𝑧 = −1/2,+1/2                                                 (1) 

for half-integer spin or 

 

                                          𝑠𝑧 = −1, 0,+1                                                       (2) 

for integer spin. 

 

It is considered [1, 2] that spin is the purely quantum mechanical concept, the certain "own" moment of 

a particle irrelevant to the movement of a particle in space and therefore the phenomenon of spin essentially 

doesn't allow classical interpretation.  In work [3] the new evident geometrical model received on the basis of 

binomial distribution and consisting of broken lines and the branching trajectories inclined under small angles to 

an axis for the description laminar and turbulent movement of liquids in pipes has been offered. 

In works [4, 5] the similar model has been offered for the evident description of the movement of 

electrons in atoms and explanations of atomic spectrum. In work [6] the possibility of application of the similar 

models consisting of broken, curved and branching trajectories in biology research is shown. 

In work [7] the geometrical model of the second shell of atom has been separately considered, 

communication of this model with the cubic equation and a formula of Cardano is shown, the special type of a 

triangle is described. In works [4, 5] we have concerned geometrical interpretation of half-integer spin of 

electrons in the form of a trajectory and angles. 

Process of consecutive geometrical construction by means of compasses and a ruler of shells and 

subshells of atom in the form of the wavy systems of trajectories it is shown in work [5]. 

In this work we will consider the simple and evident geometrical scheme for interpretation on the plane 

or projections to the plane it is similar to expressions (1, 2) trajectories of particles with various types of spin in 

more details.  

In Figs.1 and 3 various systems of rays placed in a rectangular coordinate grid are shown. The size of a 

cell of a grid has height of 𝑘/2  and length of 𝐿, at the same time 𝐿 >> 𝑘/2. Thus we consider a paraxial 

system of rays (but not rays only parallel to axis), so we can describe the projection of this system of trajectories 

on plane 𝑋, 𝑌 but not on axis 𝑍 (Equations 1 and 2). 
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In Fig.1 the system of rays corresponding to half-integer spin (1) is shown. Fig.1 it is similar to the image of the 

first shell of atom provided in Fig.13 in work [4]. The wavelength of wavy trajectories shown in Fig.1 is: 

 

                                         λ(±1/2) = 2𝐿,                (3) 

 

The “waves” consist of two alternating links inclined at small angles 𝛾/2 to axis 𝑌 of the direction of 

the movement. This scheme corresponds to the movement of a particle, with half-integer spin 𝑠 = +1/2 in the 

direction of axis 𝑌 from left to right (a), and spin of a particle of 𝑠 = −1/2 in the direction of axis 𝑌 from right 

to left (b). In this drawing is shown the value of spin (in square brackets) of antiparticle with half-integer spin 

[𝑠 = −1/2] the direction of axis 𝑌 from left to right (a), and spin of an antiparticle [𝑠 = +1/2] the direction of 

axis 𝑌 from right to left (b). 

 
Fig.1. Trajectories of particles with half-integer spin s. Projections of trajectories on plane XY. The particle 

extends along horizontal axis Y in the direction from left to right (a) and from right to left (b). The antiparticle 

extends in opposite direction. Images in drawings (a) and (b) are specularly symmetric to rather vertical axis X. 

 

We tabulated in Fig.2 the results of our schematic creation of the movement of particles and antiparticles with 

half-integer spin:  

 
Fig.2. Particles and antiparticles with half-integer spin s. 

 

In Fig.3 the system of rays corresponding to integer spin (2) is shown. The wavelength of wavy trajectories 

shown in Fig.3 is: 

                                        λ(0,±1) = 4𝐿.           (4) 

 

The “wave” consists of four alternating links inclined at small angles 𝛾 to axis 𝑌 of the direction of the 

movement and two links parallel to axis 𝑌 (𝛾 = 0).   

 

This scheme corresponds to the movement of a particle, with integer spin 𝑠 = +1 in the direction of 

axis 𝑌 from left to right (a), and spin of a particle of 𝑠 = −1 in the direction of axis 𝑌 from right to left (b). In 

this drawing is shown the value of spin (in square brackets) of antiparticle with integer spin [𝑠 = −1] the 

direction of axis 𝑌 from left to right (a), and spin of an antiparticle [𝑠 = +1] the direction of axis 𝑌 from right to 

left (b). This scheme also corresponds to the movement of a particle or antiparticle, with zero spin 𝑠 = 0 and  

[𝑠 = 0] for links parallel to axis 𝑌 (a, b). 
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Fig.3. Trajectories of particles with integer spin s. Projections of trajectories on plane XY. The particle extends 

along horizontal axis Y in the direction from left to right (a) and from right to left (b). The antiparticle extends in 

opposite direction. Images in drawings (a) and (b) are specularly symmetric to rather vertical axis X. 

 

We tabulated in Fig.4 the results of our schematic creation of the movement of particles and antiparticles with 

integer spin:  

 
Fig.4. Particles and antiparticles with integer spin s. 

 

Certainly our simple geometrical constructions on the plane can describe only formally some properties 

of various elementary particles. Especially it belongs to particles with the integer spin. Perhaps, such particles 

as, for example, π-mezon [1, 2] can during various periods of time prove as particles with single or zero spin. 

However our simple models demonstrate the difference of half-integer and integer spin. We hope that our 

geometrical interpretation of spin will help to understand more accurately and visually this natural phenomenon. 

The idea that small particles (atoms) move not on rectilinear trajectories, but with deflections from a straight 

line have arisen in Ancient Greece at Epicurus and in Ancient Rome at Tit Lucretius [8]. We have considered a 

similar case of trajectories of small particles.  
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