
 

 

 
Abstract—For a rotational reference frame of the theory of special 

relativity, the critical radius is defined as the distance from the axis to 
the point where the tangential velocity is equal to the speed of light, 
and the critical cylinder as the set of all points separated from the axis 
by this critical radius. Based on these terms, two relativistic effects of 
rotation are discovered: (i) the tangential velocity in the region of 
Outside Critical Cylinder (OCC) is not superluminal, due to the 
existence of space-time exchange; (ii) some of the physical quantities 
of the rotational body have an opposite mathematic sign at OCC versus 
those at Inside Critical Cylinder (ICC), which is termed as the Critical 
Cylindrical Effect (CCE). The laboratory experiments demonstrate 
that the repulsive force exerted on an anion by electrons will change to 
an attractive force by the electrons in precession while the anion is at 
OCC of the precession. 36 screenshots from four experimental videos 
are provided. Theoretical proofs for both space-time exchange and 
CCE are then presented. The CCEs of field force are also discussed. 
 

Keywords—Critical radius, critical cylindrical effect, special 
relativity, space-time exchange.  

I. INTRODUCTION 

OTATION is the most basic form of motion in nature. For 
the fixed axis rotation, the tangential velocity v, angular 

velocity 𝜔, and the radial distance r have the relation 𝑣 𝑟𝜔. 
Therefore, any rotation has a corresponding radial distance 𝑟 , 
where v reaches the speed of light c:  

 
𝑟 𝜔 𝑐, 𝑖. 𝑒. , 𝑟 𝑐/𝜔 

 
We call 𝑟  the critical radius. All points with their radial 

distance being 𝑟  form an infinitely long cylindrical surface are 
called the critical cylinder. The tangential velocity OCC has 
been thought to be superluminal, which is impossible. 
However, our experiments prove that there are opposite natural 
laws in the domain of OCC vs. the ICC.  

II. EXPERIMENTAL OBSERVATION OF ROTATION RELATIVISTIC 

EFFECTS 

A. Experimental Scheme 

When the spin magnetic moment (M) of a charged particle is 
not aligned with the external magnetic field (B), the B will 
reorient the M parallel to B through a precession process. The 
relationship between the precession angular velocity 𝜔  and B 
is 𝜔 2𝜋𝛾𝐵 , where γ is the gyromagnetic ratio. For free 
electrons, 𝛾  is 2.6667 10  (Hz/Tesla). Thus, with B being 
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0.12 Tesla, 𝜔  is 2.0106 10  rad/s, and the corresponding 
critical radius 𝑟  is approximately 1.5 cm, which allows the 
electric field force of the precession electrons to be readily 
observed.  

B. Experimental Setup, Methods, and Results  

A helical electrode with 15 mm in length and 2 mm in 
diameter is connected to the negative output terminal of a high 
DC voltage generator (HVG) with 1,800 𝑉  output. The 
electrode is affixed to the resin surface of a single-sided copper-
clad laminate board, which is itself secured in a plastic dish. 
The two ends of two U-type ferrite cores (Mn-Zn 2000) clamp 
the electrode, the resin plate, and the plastic dish together, while 
the other two ends are inserted into the exciting coil with 2×800 
turns, as shown in Fig. 1: When the HVG is turned on, an 
abundance of free electrons will accumulate on the electrode 
surface. 

 

 

Fig. 1 The experimental setup 
 

A square wave current generator (SWCG) with the 0.4 A to 
0.6 A adjustable output current and 10 μS period (80% duty 
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cycle) feeds the coil, producing a magnetic field transferred to 
the electrode via two ferrite cores, causing the free electrons on 
the electrode surface to precession. By adjusting the magnitude 
of the square wave current, B passing through the electrons can 
be varied, thereby changing the 𝑟 . Initially, B is set to 0.12 
Tesla, resulting in a precession 𝑟  of 1.492 cm for the electrons. 
A 20% carbon ink containing a high concentration of anionic 
surfactants (negatively charged ions) is used as the test charge. 

To begin, warm water is added to the plastic dish, and a small 
quantity of ink is injected 1 cm to 1.3 cm to the right side of the 
electrode. Then, the HVG is turned on to generate electrons on 
the electrode. The ink is repelled rightward as illustrated in the 
four sequential screenshots from the video presented in Fig. 2 
(b). 

 

 

Fig. 2 Ten screenshots from the experimental video 
 

Once the right edge of the ink is repelled to the black mark 
(the resin board's center), the SWCG is activated to induce 
precession of the electrons. Subsequently, the ink's left edge 
continues being repelled rightward, whereas its right edge 
begins being attracted leftward by the precession electrons. Fig. 
2 (c) sequentially presents six screenshots from the video. The 
entire video is available on YouTube.com [1]. 

The experimental results demonstrate that the electric field 
force of precession electrons exists in OCC and is opposite in 
direction to that in ICC. This opposite electric field force in 
OCC is our newly discovered natural law. 

To observe the change of the electric field force of the 
electrons on either side of 𝑟 , a red line is drawn 1.5 cm away 
from the electrode in advance. The experiment is then repeated. 
Figs. 3 and 4 display video screenshots from the repeated 
experiment. Figs. 3 (a) and 4 (a) show two sequential 
screenshots demonstrating the repulsive force exerted on all ink 
by the electrons when no B is applied, repelling all ink 
rightward. Figs. 3 (b) and 4 (b) present five sequential 
screenshots after B is applied. The precession electrons attract 
the ink on the right side of red line, while the ink on the left side 
of the red line is gradually repelled rightward. This shows that 
procession electrons attract negative charges in OCC and repel 
them in ICC. 

 

 

Fig. 3 The screenshots of the experimental video as B is 0.12 T and 𝑟  

is 1.5 cm 
 

 

Fig. 4 Screenshots of the experimental video as B is 0.12 T and 𝑟  is 

1.5 cm 
 

 

Fig. 5 Screenshots of the experimental video as B is 0.13 T and 𝑟  is 

1.377 cm 
 

Furthermore, increasing B to 0.13 Tesla results in 𝜔  being 
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2.1728×10  rad/s and 𝑟  being 1.377 cm, respectively. Fig. 5 
shows 12 sequential screenshots from the video. Fig. 5 (a) 
displays four screenshots of the ink moving to the right of the 
red line (1.5 cm away from the electrode), due to the repulsive 
force of non-precession electrons. Fig. 5 (b) presents eight 
sequential screenshots demonstrating that with precession 
electrons, the ink at the right of the red line is attracted leftward, 
eventually gathering at the right side of 𝑟  (1.377 cm) from the 
electrode, while remaining left of the red line. 

C. Experimental Results Discussion 

This experiment demonstrates a newly discovered natural 
law: the electric field force of precession electrons exists in 
OCC but has the opposite direction to that ICC. In fact, many 
physical quantities of a rotating exhibit the opposite math signs 
in the OCC compared to the ICC. This reversal occurs when 
charges rotate, representing a relativistic rotational effect we 
term the Critical Cylinder Effect (CCE) that reveals the 
incompleteness of Coulomb's law discovered before the spin of 
electron was discovered.  

Additionally, the observed critical radius indicates that the 
precession of electrons is a rotation with a definite axis and 
constant tangential velocity. Since only a rotating object can 
create precession when an external torque is applied, electron 
spin must be rotation with a fixed axis and constant angular 
velocity. 

Furthermore, quantum mechanics postulates that the electric 
field force is transferred by photons, which means that electrons 
emit (virtual) photons and hit the negative ions, causing the 
momentum change of the negative ions; the changing rate of 
momentum is the force on the negative ions [2]. However, this 
fails to explain why photon exchanges would exert opposing 
forces on either side of the critical radius. Electric field force 
must interact with a medium rotating in sync, not (virtual) 
photons emitted by electron.  

Existing electric field force in OCC means that the tangential 
velocity of electric field of the precession electron does not 
exceed the speed of light in OCC. In fact, the relation between 
v and 𝜔 of fixed axis rotation in OCC is no longer 𝑣 𝑟𝜔, but 
𝑣 𝑐 / 𝑟𝜔 , which has not yet been discovered. The 
theoretical proof is in Section III. 

III. SPACE-TIME EXCHANGE AND TANGENTIAL VELOCITY OF 

ROTATION  

 

Fig. 6 Local reference frame of point P 
 

We assume that the two reference frames A and 𝐴  rotate 
around the z(z') axis at an angular velocity of ω relative to each 
other, as shown in Fig. 6. Substituting the differentials of arc 
length, radial distance, axial distance, and time (ds, dρ, dz, dt) 
at the observed point P to the Cartesian coordinates and time (x, 
y, z, t), the Lorentz transformation and its inverse between the 
rotational frames take the following form [3], [4]:  

 

⎩
⎪
⎨

⎪
⎧𝑑𝑠 𝛾 𝑑𝑠 𝜌𝜔𝑑𝑡

𝑑𝜌 𝑑𝜌
𝑑𝑧 𝑑𝑧

𝑑𝑡 𝛾 𝑑𝑡 𝑑𝑠

         (1) 

 

⎩
⎪
⎨

⎪
⎧𝑑𝑠 𝛾 𝑑𝑠 𝜌𝜔𝑑𝑡

𝑑𝜌 𝑑𝜌
𝑑𝑧 𝑑𝑧

𝑑𝑡 𝛾 𝑑𝑡 𝑑𝑠

        (2) 

 
where 

𝛾           (3) 

 
However, they are only valid for ICC. For OCC, with the 

𝑑𝜌 𝑑𝜌 and 𝑑𝑧 𝑑𝑧 being kept, we only explore the first 
and last equations of (2). They are: 

 
𝑑𝑠 𝛾 𝑑𝑠 𝜌𝜔𝑑𝑡

𝑑𝑡 𝛾 𝑑𝑡 𝑑𝑠
        (4) 

 
Note: 

𝛾
/

∙ /

/

⎩
⎪
⎨

⎪
⎧ ∙ ∙

∙ ∙

∙
/

∙
/

= ∙ 𝛾 , where 𝛾 , and 

𝑖 √ 1. 
 
So, 

 

            (5) 

 
Then, (4) can be expressed as: 

 

 
𝑑𝑠 𝛾𝑑𝑠 𝛾 𝑖𝑐𝑑𝑡

𝑖𝑐𝑑𝑡 𝛾𝑖𝑐𝑑𝑡 𝛾 𝑑𝑠
       (6) 

 
We denote (6) in complex number form: 
 

 𝑑𝑠, 𝑖𝑐𝑑𝑡 𝛾𝑑𝑠 𝛾 𝑖𝑐𝑑𝑡 , 𝛾𝑖𝑐𝑑𝑡 𝛾 𝑑𝑠    (7) 
 

Then, we have the property of each component shown in 
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Table I. 
 

TABLE I 
COMPONENTS PROPERTY 

 𝛾 𝛾  𝛾𝑑𝑠 𝛾 𝑖𝑐𝑑𝑡  𝛾𝑖𝑐𝑑𝑡 𝛾 𝑑𝑠  

ICC Real Imaginary Real Imaginary 

OCC Imaginary Real Imaginary Real 

 

Taking the real and imaginary parts on both sides of (7) to be 
equal respectively, we get: 

 

𝑑𝑠 𝛾𝑑𝑠 𝛾 𝑖𝑐𝑑𝑡 ⎯ 𝑖𝑐𝑑𝑡

𝑖𝑐𝑑𝑡 𝛾𝑖𝑐𝑑𝑡 𝛾 𝑑𝑠 ⎯ 𝑑𝑠
       (8) 

 
With (8), for OCC, the space of (γds’+γ'icdt’) in frame A’ is 

transformed to time of frame A; and the time of (γicdt’-γ'ds’) in 
frame A’ is transformed to space of frame A. This is a natural 
law never be revealed yet, and we call it “space-time exchange”. 

We replace 𝛾 𝛾 𝑖𝑐/ 𝜌𝜔  to (8), for OCC, we have: 
 

 
𝑑𝑠 𝛾 𝑑𝑠 𝑑𝑡

𝑑𝑡 𝛾 𝑑𝑡 𝑑𝑠
        (9) 

 

Similarly, in terms of (1), we can get the corresponding 
transformation for OCC as follows: 

 

𝑑𝑠 𝛾 𝑑𝑠 𝑑𝑡

𝑑𝑡 𝛾 𝑑𝑡 𝑑𝑠
        (10) 

 

However, for making (9) and (10) to be a pair of 
transformations, following principle must be kept: a pair of 
(ds,dt)old is transformed to (𝑑𝑠 , 𝑑𝑡 ) by (10), then this (𝑑𝑠 , 
𝑑𝑡 ) is transformed to (ds,dt)new by (9), that must be equal to 
(ds,dt)old.  

For keeping this principle, add 1, 2, 3, 4 four subscripts to the 
γ' in (10) and (9), we have: 

 

𝑑𝑠 𝛾 𝑑𝑠

𝑑𝑡 𝛾 𝑑𝑡
, and 

𝑑𝑠 𝛾 𝑑𝑠

𝑑𝑡 𝛾 𝑑𝑡
 

 
Then we express them in matrix form as: 

 

𝑑𝑠
𝑑𝑡

𝛾 𝛾 𝑐 / 𝜌𝜔
𝛾 / 𝜌𝜔 𝛾

𝑑𝑠
𝑑𝑡

,  

𝑑𝑠
𝑑𝑡

𝛾 𝛾 𝑐 / 𝜌𝜔
𝛾 / 𝜌𝜔 𝛾

𝑑𝑠
𝑑𝑡

 

 
Since (ds,dt)new must be equal to (ds,dt)old, then: 
 

𝑑𝑠
𝑑𝑡

𝛾 𝛾 𝑐 / 𝜌𝜔
𝛾 / 𝜌𝜔 𝛾

𝛾 𝛾 𝑐 / 𝜌𝜔
𝛾 / 𝜌𝜔 𝛾

𝑑𝑠
𝑑𝑡

 

 
It means: 

𝛾

𝛾

𝛾

𝛾

1 0
0 1

  

 
Solving this equation yields the following result: 
 

𝛾 𝛾 𝛾 𝛾   
 

Let 𝛾 𝛾 𝛾 𝛾 |𝛾 | and -|𝛾 | separately, two 
groups of Lorentz transformations and their inverse for OCC 
are obtained: 

Group 1: Transformation: 
 

 
𝑑𝑠 |𝛾 | 𝑑𝑠

𝑑𝑡 |𝛾 | 𝑑𝑡
       (11a) 

 
Inverse Transformation: 
 

 
𝑑𝑠 |𝛾 | 𝑑𝑠

𝑑𝑡 |𝛾 | 𝑑𝑡
       (11b) 

 
Group 2: Transformation 
 

𝑑𝑠 |𝛾 | 𝑑𝑠

𝑑𝑡 |𝛾 | 𝑑𝑡
        (12a) 

 
Inverse Transformation: 
 

 
𝑑𝑠 |𝛾 | 𝑑𝑠

𝑑𝑡 |𝛾 | 𝑑𝑡
       (12b) 

 
The tangential velocity (inverse) transformations given by 

these two groups are just the same: 
 

𝑢
∙

       (13) 

 
If the event point is fixed in frame 𝐴’, i.e., 𝑢 0, then, 
 

𝑢 𝑐 ∙         (14) 

 
That is, the tangential velocity of frame A in OCC is no 

longer 𝜌𝜔, but 𝑐 ∙ 𝜌 /𝜌, which is still less than c and inverse 
proportional to radial distance ρ.  

Quantum mechanics postulates that the spin of electron is 
intrinsic because the analogy to classical rotation falls apart 
when the tangential velocity of the surface of the electron is 
calculated with 𝑣 𝑟𝜔  only implied by such a spin. For 
instance, using classical mechanics, if we apply the equation 

𝑚𝑟 𝜔 ℎ, (where m, r, and 𝜔 are the mass, radius, and the 
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angular velocity of the electron, ℎ is reduced Plank constant), 
this tangential velocity according to 𝑣 𝑟𝜔  is superluminal 
( 𝑣 𝑖𝑠 1.644 10  m/s) for the electron radius of 0.88
10  m. However, according to this equation, 𝜔  is 1.65
10  𝑟𝑎𝑑/𝑠 , then, 𝜌  is 1.82 10  m, which is the OCC 
case (𝜌 1.82 10  𝑚 ≪  𝜌 0.88 10  𝑚 , 𝑣  now 
is 6.41 10  m/s according to (14), which is not superluminal.  

When the point is fixed in frame 𝐴 , 𝑑𝑠  is zero, (8) becomes: 
 

𝑑𝑠 𝛾 𝑖𝑐𝑑𝑡 ⎯ 𝑖𝑐𝑑𝑡

𝑖𝑐𝑑𝑡 𝛾𝑖𝑐𝑑𝑡 ⎯ 𝑑𝑠
 

 
The tangential velocity of this point relative to frame A is: 
For ICC:  
 

𝜌𝜔 𝑐   

 
For OCC:  
 

,   𝛾 |𝛾′|

, 𝛾 |𝛾′|
  

 

According to (14), 𝑢  , so the 𝛾 must be |𝛾′|. Thus, 

let: 
 

𝑣 𝜌
𝑐 ∙ , 𝜌 𝜌

𝑐 ∙ , 𝜌 𝜌
    

 

𝛾 𝜌

⎩
⎪
⎨

⎪
⎧

⁄
, 𝜌 𝜌

 
⁄

, 𝜌 𝜌
        (15) 

 
The unified form of Lorentz transformation for rotational 

frames at both ICC and OCC is: 
 

⎩
⎪
⎨

⎪
⎧𝑑𝑠 𝛾 𝜌 𝑑𝑠 𝑣 𝜌 𝑑𝑡

𝑑𝜌 𝑑𝜌
𝑑𝑧 𝑑𝑧

𝑑𝑡 𝛾 𝜌 𝑑𝑡 𝑑𝑠

        (16) 

 
and its inverse transformation is: 

 

⎩
⎪
⎨

⎪
⎧𝑑𝑠 𝛾 𝜌 𝑑𝑠 𝑣 𝜌 𝑑𝑡

𝑑𝜌 𝑑𝜌
𝑑𝑧 𝑑𝑧

𝑑𝑡 𝛾 𝜌 𝑑𝑡 𝑑𝑠

        (17) 

 
 
With (17), the transformations for other physical quantities 

can be derived. Below are some examples [4], [5]: 

Mass:  
 

𝑚 𝛾 𝜌 𝑚 1         (18) 

 
Energy: 
  

 𝑤 𝛾 𝜌 𝑤 𝑣 𝜌 𝑝          (19) 
 
Tangential momentum:  
 

𝑝 𝛾 𝜌 𝑝          (20) 
 
Radial force 𝐹 , axial force 𝐹  and their composition force 

𝐹 : 
 

𝐹 \ \
\ \ 𝐹 \ \ 𝛾 𝜌 1    (21) 

 
where 𝑢  and 𝑢  are the tangential velocity of the acceptor in 
frame A and 𝐴 , respectively. 

IV. CRITICAL CYLINDER EFFECT OF ELECTRIC FIELD FORCE 

The transformations of the space-time coordinates, mass, 
energy momentum, and force all have γ(ρ) or 1/γ(ρ), and γ(ρ) is 
minus at OCC but plus at ICC, so these physical quantities will 
be minus at OCC but plus at ICC. This is the most important 
and unrecognized relativistic effect, which we call the Critical 
Cylinder Effect (CCE). Here, the CCE of electric field force for 
spin-charged particle is discussed. 

We assume that the charged particle 𝑞  without displacement 
in the laboratory frame spins around the z-axis with the angular 
velocity ω at the coordinate origin O in Fig. 6, and the test 
charge 𝑞  is at point P. The distance from  𝑞  to  𝑞  is: 𝑅
𝜌 𝑧 / . We take the laboratory as frame A, the spin of 𝑞   

as frame 𝐴 . Only in 𝐴  the particle 𝑞  has neither displacement 
nor rotation and is truly at rest, and its force acted on the test 
charge 𝑞  is the real electrostatic force denoted as 𝐹 , which is 
also unrelated with the state of motion of the test charge 𝑞 . 
According to (21), 𝐹  is transformed into frame A, we have: 
 

𝐹 𝐹 𝛾 𝜌 1     (22) 

 
where 𝑢  and 𝑢  are the tangential velocity of the test charge 𝑞  
relative to the spin of 𝑞  in frame A' and A, respectively. This 
means that in frame A, the force of the spin-only 𝑞  acting on 
the test charge 𝑞  is related to the motion state of 𝑞 . If 𝑞  in 
frame A has no displacement, i.e., 𝑢  = 0, (22) becomes 𝐹
𝛾 𝜌 𝐹 , that is: 
 

 𝛾 𝜌

⎩
⎪
⎨

⎪
⎧ 1

1

       (23) 
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This relationship is called the first kind of CCE. It means 𝐹  
will change direction when 𝑞  changes its location from ICC to 
OCC, and as 𝜌 → 𝜌 , 𝐹  becomes very strong, as shown in Fig. 
7. This is the source of so-called strong interaction between 
protons in the nucleus. The strong force only appears at 10  
m [6], so it can be determined that the critical radius of the 
proton’s spin is on the order of 10  m. 

 

 

Fig. 7 Two kinds of CCEs 
 

If 𝑞  is synchronously rotating with the 𝑞 , that is, 𝑢 0, 
(22) becomes:  

 

𝐹         (24) 

 
This is the second kind of CCE. It means when 𝜌 → 𝜌 , 𝐹  

will become very weak, and when 𝑞 . changes its location from 
ICC to OCC, 𝐹  will cross zero and change direction, as shown 
in Fig. 7. This is the source of so-called weak interaction. 

V. EXPERIMENTAL RESULTS EXPLANATION 

A. Incompletion of Coulomb’s Law  

Coulomb’s law is about the electrostatic force and was 
discovered in 1780s without the concept of electron spin [7]. 
So, Coulomb’s force is not static since it stays at the lab frame 
instead of the spin frame where the real electrostatic force, 
denoted as 𝐹 , stays. Here, let us denote Coulomb’s force as 𝐹 . 

The Coulomb’s law is valid only for the distance of R greater 
than 10 m where 𝛾 𝜌  is -1. The relationship between 𝐹  
and 𝐹  is as follows according to (22): 

 

𝐹         (25) 

 
where, 𝐹  is: 

𝐹         (26) 

 
From (25), we can draw the following conclusion for 𝐹 : 

(a) Same/opposite sign particles attract/repel with each other. 
(b) Same quantity as F , but opposite math sign as that of F . 

Moreover, for 𝜌 being very close to 𝜌 , (26) is no longer 
valid for 𝐹 , and should be modified as: 

 

𝐹 𝛾 𝜌         (27) 

 
In general, 𝑞  is neither at rest nor synchronously rotating 

with 𝑞  i.e., 𝑢𝑠 𝑣 𝜌 0,  𝐹  can be denoted as two parts 
according to (22): 

 

𝐹 𝐹 𝛾 𝜌 𝐹 𝛾 𝜌 𝐹 𝐹      (28) 

 
where, 𝐹  is the electric field force: 

 

𝐹 𝐹 𝛾 𝜌 𝛾 𝜌 𝑞 𝐸        (29) 

 
where, 𝐸  is the electric field of 𝑞 : 
 

𝐸 𝛾 𝜌         (30) 

 
and, 𝐹  is the magnetic field force: 

 

𝐹 𝐹 𝛾 𝜌 𝛾 𝜌 𝑞 𝐵     (31) 

 
where, 𝐵  is the magnetic field of 𝑞 : 

 

𝐵 𝛾 𝜌 𝜇 𝛾 𝜌 𝑢 𝑣 𝜌     (32) 

 
For protons, with 𝑞  being 1.602×10-19 Coulomb, at the 

location R (i.e., ρ) being 0.999ρc, 𝐵  is 1.07×1014 Tesla. At the 
location R (i.e., ρ) being 1.001ρc, Bs = -1.08×1014 T. Thus, in 
lab frame, the spin-only 𝑞  possesses both electric field 𝐸  and 
magnetic field Bs. Near the critical radius, Bs is on the order of 
1014 Tesla and will change direction from ICC to OCC. This 
cannot be given by spin magnetic moment. On the other hand, 
Coulomb’s electric field is neither the real electrostatic field nor 
the complete electric field 𝐸  of spinning charged particle, it 
only is the part of 𝐸  at ρ >> 𝜌 . 

Note that the 𝑢  in (22) is the tangential component of the 
velocity 𝑢 of 𝑞  relative to the spin of 𝑞  in frame A. Even if 𝑢 
does not change, when the direction of the spin axis of 𝑞  is 
changing, 𝑢  and the force on 𝑞  will be different, and the 
tendency of 𝑞 ’s motion is naturally different. Without 
controlling the direction of the spin axis of 𝑞 , the future 
position of 𝑞  is naturally uncertain. This generates the 
probability wave property of particles in quantum mechanics.  

B. The Explanation of Our Experimental Result 

𝑞  is spinning and precession while 𝑞  (ink) is spinning only. 
To obtain 𝐹 , we must transform 𝐹  from the spin frame to the 
procession frame, then to the lab frame: 

 

𝐹 𝐹 𝛾 𝜌 𝛾 𝑟 1 1      (33) 

 
where, for spin frame: 
 

𝑣 𝜌
𝜌𝜔 , 𝜌 𝜌

, 𝜌 𝜌
, 𝛾 𝜌

⎩
⎪
⎨

⎪
⎧ , 𝜌 𝜌

, 𝜌 𝜌
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for precession frame: 
 

𝑣 𝑟

⎩
⎨

⎧𝑟𝜔 , 𝑟
𝑐

𝜔
𝑟

𝑐
𝑟𝜔

, 𝑟
𝑐

𝜔
𝑟

, 𝛾 𝑟

⎩
⎪⎪
⎨

⎪⎪
⎧

1

1 𝑟
𝑟

, 𝑟 𝑟

1

1
𝑟
𝑟

, 𝑟 𝑟
 

 
Here, 𝜌 and 𝑟 are the radial distance of the spin axis and 

processing axis from 𝑞  to 𝑞 , respectively; 𝜌  and 𝑟 are the 
critical radius of the spin and precession, respectively; 𝑢   and 
𝑢  are the tangential velocity of 𝑞  with respect to the 
precession frame and lab  frame of 𝑞 , respectively; 𝜔   and 𝜔  
are the angular velocity of 𝑞  in spin frame and precession 
frame, respectively. 

Since 𝑣(𝜌)≪𝑐, 𝑣(𝑟)≪𝑐, meanwhile, the diffusion velocity of 
ink is much smaller than the tangential velocity of precession, 
i.e., 𝑢 ≈0, 𝑢 ≈0, we have: 

 

𝐹 𝐹 𝛾 𝜌 𝛾 𝑟 𝛾 𝜌 𝛾 𝑟       (34) 

 
For our lab experiment, 𝜌  is about 10  𝑚 and 𝑟  is about 

1.5 10  𝑚. For the region with 𝑅 1×10  𝑚, we have 
𝛾 𝜌 1, then we have: 

 

  𝐹 𝐹 𝛾 𝑟 𝛾 𝑟       (35) 

 
Now, for the ink on the right side of the red line (𝑟 ), they are 

at the location where 𝑅 𝑟 𝑟 , then 𝛾 𝑟 0, and 𝐹 0, 
which causes the ink being attracted to the leftward; for the ink 
on the left side of the red line (𝑟 ), they are at the location where 
R = 𝑟 𝑟 , then 𝛾 𝑟 0, and 𝐹 0, which causes the ink to 
be repelled to the rightward. 

VI. CONCLUSIONS 

In conclusion, the study identifies undiscovered relativistic 
effects associated with rotational reference frames, specifically 
in relation to the critical cylinder. The findings reveal that in the 
OCC, tangential velocities remain subluminal due to space-time 
exchange, and that physical quantities exhibit opposing math 
signs between OCC and ICC, a phenomenon termed as the 
Critical Cylinder Effect (CCE). These effects were 
experimentally validated through laboratory experiments 
demonstrating the reversal of the force exerted by electrons on 
an anion when it is located at the OCC of precession. 
Theoretical proofs were provided to support these observations, 
further expanding our understanding of relativistic effects in 
rotational systems, with potential implications for the behavior 
of field forces. In addition, the sources of strong and weak 
interactions are revealed, and the real electrostatic force 
formula is provided. 
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