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Abstract:

This paper presents the derivation of numerous dynamics for the Special Theory of
Relativity kinematics for three spatial dimensions. It is a continuation of the paper, in which
numerous STR dynamics for one-dimension have been derived. It is shown that from each one-
dimensional dynamics unambiguously results three-dimensional dynamics.

Discussion on the right angle lever paradox has been presented and the paradox of vector
non-parallelism. The explanation of paradoxes under different dynamics can be a method of their
theoretical examination and assessment.
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1. Introduction

The paper [6] presents an original method that enables to derive numerous dynamics for
STR kinematics for one spatial dimension. Five examples of specific dynamics have been
presented. This paper is a continuation of that research and presents a method of extending any
dynamics for one spatial dimension to three spatial dimensions. For each of the five examples of
one-dimensional STR dynamics derived in the paper [6], three-dimensional dynamics were derived
(transformation of perpendicular force and equations of motion for perpendicular force).

2. Selected properties of STR kinematics

The determinations shown in Figure 1 have been adopted.
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Fig. 1. Relative motion of inertial systems U; and U, (|va;1| = [Vi12])
as well as body acceleration m seen from these systems.
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The inertial system U, moves in relation to the inertial system U, at the velocity of v,/ The
inertial system U; moves in relation to the inertial system U, at the velocity of vi;,. In STR, it is
[V/1] = [vi2|. The body with rest mass my rests temporarily in U, system. This body performs an
acceleration. In U, system, in which the body was resting temporarily, the acceleration has a value
of a,,. The acceleration in relation to U, system, has a value of ay/. Index i/j will mean that it is
a body resting in i system and is observed from j system.

In the STR kinematics the following equations are derived from the Lorentz transformation [3]:

- transformation of dimensions parallel to velocity v,/ (Lorentz—FitzGerald contraction)

L,,=yL,, (1)
- transformation of dimensions perpendicular to velocity vy
L,,=L;, @)

- transformation of acceleration parallel to velocity vz

3all

a”2/2 =V a, (3)

- transformation of acceleration perpendicular to velocity vz
1 2,1
,,=7 2y, )

The symbol || indicates the component parallel to velocity v,/, while the symbol L indicates
the component perpendicular to velocity vy, where vy is the velocity of body in relation to the
observer.

3. One-dimensional dynamics for STR

The STR dynamics for one spatial dimension were derived in the paper [6]. In accordance
with the designations adopted there, the following equations apply to STR dynamics:
- equation of motion in the own body system U, (Newton’s second law of motion)

[ — I L . 1
F,=ma,, ~ F,,=may, ()

- equation of motion of the body resting temporarily in U, system for the observer from U, system
(these equations represent the generalized Newton’s second law of motion)

F2”/1 =m, f”(vz/l)aHZ/l A FzL/l =m, fL(VZ/l)a;/l (6)

- definition of momentum

dv
dp,, =F,, dt = mof”(vzn)azn dr, = mof”(vzn)#dﬂ = mof”(vzn)dvz/l (7
1
| In Newton’s dynamics f H(vz/l) =f l(vz/l) = 1, while in Einstein’s STR dynamics f H(vz/l) = 73,
S ) =7

The dynamics derived in the paper [6] were parameterized by the parameter x € R. In the
five dynamics derived in that paper the following equations for momentum and kinetic energy

apply:
- Dynamics {x} = {0}, in which for each observer F'//as = mq f'(v21) = mo = constans:
Pi =Py =M Vs, (3)

- Dynamics {x} = {1/2}, in which for each observer F!//dvy; = mof'!(vo)/At = constans:
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W miA . Vo arcsin(v,,,/c)
P2 =Py =mycCarcsin =my Vv, )
c v,,/c

- Dynamics {x} = {1}, in which for each observer Ap = constans:

C
mye. [c+v c+v,, |2
I =p¥ =—2In 2L\ =m, v, , In| —2L 10
P21 =Pan ) o Vot

C—Vo Vo

- Dynamics {x} = {3/2}, Einstein’s dynamics, in which for each observer F!' = constans:

1
B3/ F
P2 _pZ/l_mOVZ/I% (11)
1-(v,,/c)’

- Dynamics {x} = {2}, in which for each observer F!//At = constans:

2vy 4
L1 W AT (12)
2| 1=(v,,/c) C—=Von

2y FIA
P2/ =P =MV,

The force transformation for the component parallel to velocity v, in dynamics {x} has a
form of [6]:

anijlf} = 72X?3F2”/2 (13)

The equation of motion (6) for the component parallel to velocity v, in dynamics {x} has a
form of [6]:

Fy%} =m, 72)(3”2/1 (14)

4. Derivation of three-dimensional dynamics for STR

For each dynamic, the momentum equation in dynamics {x}, e.g. (8), (9), (10), (11) or (12),
has a form of

p%}l(vz/l):mo VZ/lg{X}(VZ/l) (15)

where g™ (v,1) is a dimensionless function.
If the velocity vector of body changes, then the momentum vector of this body changes. This
is shown in Figure 2.

P21(van)
dp2i(van)

P21(Van+dvan)

Fig. 2. Change of body momentum resting temporarily in U, system seen by an observer from U system.
Based on the definition of momentum (7) and (15) the following is obtained

Fl = dpy) (v,),) _ d(my vy, g™ (v,)) = m, vy, g, + v, d(g"™ (v1,))
dt, dt, dt, dt,

(16)
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X X d tx) A% dV
Fz{/i :mo{(alz/l +a§/1)g{ }(V2/1)+V2/1 (g () 2/1} (17)
dv,,, dt,
x X X d tx) \Z dV
Fz{/i =my g{ }(v2/1)3§/1+m0 {g{ }(VZ/I)aHZ/l—i_ (g (o)) dvayy V2/1:| (18)
dv,,, dt,
Because
Vol a”2/1 (19)
thus, it follows from (18) that
FzL/{lx} =my g{x} (Vz/l)a;l (20)

d(g™ (v,,)) dv

[x} _ {x} I 2/ 2/

F =my| g7 (vy )8y, + J : SV,
Van dr,

21

The equation (20) can be derived directly from (16), if it is observed that a force acting on
the body perpendicular to its velocity v,/ does not change velocity value vy, but only its direction.
In this case g™ (v21) = constans. On this basis, the following is immediately obtained (20).

The equation (20) is an equation of motion for the force perpendicular to the velocity of
body vz/1. For the five dynamics derived in the paper [6], the explicit forms of equations of motion
are based on (8), (9), (10), (11) and (12) as follows:

- Dynamics {x} = {0}

" =E =m a3, (22)
- Dynamics {x} = {1/2}

arcsin(v,,,/c) |

1{1/2} _ yplm/At _
E), 7 =K]"=m, a,, (23)
v, /c
- Dynamics {x} = {1}
C
2v
1y _play _ CHVy |72 1
F, =E,"=mn 4, (24)
C—=Vyn

- Dynamics {x} = {3/2}, Einstein’s dynamics
F, % =K =m S S (25)

0 2/1
VI=(v /ey’

- Dynamics {x} = {2}

2vy
B =R = my L S 6)
21 1=(vy,,/¢) C—=Vo

Now the transformation of force perpendicular to velocity vy, will be determined. The
equations of motion (5) are replaced by (3) and (4). Then the following is obtained

Fy/zzmo?/}a”z/l A FzL/zzmo?/za;/l (27)
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If to divide the motion equation (14) by the first equation (27), then for dynamics {x} the
already known transformation of force for the parallel component (13) is obtained. If the equation
of motion (20) is divided by the second equation (27), then for dynamics {x} the force
transformation for the perpendicular component is obtained in a form of

{x}
. v
Fir =& ) pe (28)

The calculations presented in this chapter show that the dynamics for three spatial
dimensions result unambiguously from the dynamics for one spatial dimension.

5. STR dynamics paradoxes

The explanation of various paradoxes occurring in the dynamics of STW can be a method of
theoretical study and assessment of these dynamics. Two paradoxes will be presented below, but
will not be explained. Their explanation may be the subject of another article.

5.1. Right angle lever paradox
Papers [1], [2], [4] and [5] present the right angle lever paradox, Figure 3. The lever is fixed

to the ground at R point by means of a rotary support.
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[
Lz/z

r
!
1
1
1
1
1
1
1
!
1
1
1

~
X ¥
)

~—©R i ~——OR

___________________________

Fig. 3. Right angle lever paradox.
a) lever seen from the own system U,, b) lever seen from the moving inertial system U;.

For the observer from U, system (resting system), both lever arms have the same length, i.e.
LHz/z = Lé/z (29)

The lever is subject to two forces applied to the ends of arms in directions perpendicular to
these arms and two reaction forces applied at the support point R. In U, system, the lever is in
equilibrium, i.e. the sum of torques is 0. That is

=13,
1 1 1
L), =1L,E, = F£,=F, (30)
For an observer from the inertial system U, the lever moves in a straight line at a constant

velocity vy, parallel to one arm. According to the transformation of dimensions (1), (2) and force
transformations (13), (28), for the observer from U, system, two moments of force act on the lever:

{x}
x 1%
L”2/1I2l/{1} - g ;32/1)14'2/2};/2 (31)

Ll2/1 Fg{/)i} = 72)#3 Llz/z Fz”/z (32)
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The moments of force (31) and (32) are equal only in such dynamics {x}, in which due to
(29) and (30) there is an equality of

{x}
\Z xX— X X
: ;32/1) = 7/2 P e g{ }(VZ/I) = 7/2 (33)

From the paper [6] (equation (126)) and from (15) it follows that

Vasi

X 1 X
g{ }(Vzn) = .[7/2 v, (34)

Vi o

On this basis, condition (33) takes the form of

1 vz” X X
— [y dv,, =y (35)
0

Van

Van

j?’zxdvzn =V 7/2X (36)
0

After differentiating the sides by the velocity v,/ the following is obtained

2x dv2/1 2x d7/
=—=>yT 4y, —— 37

4 dv, . 4 2 9 (37)

d 2x
0=v,,~"— (38)

v,

Equality must be true for every velocity v,/;. This is only possible if

y** =constans(v,,) = x=0 (39)

It follows that only for one dynamics {x} = {0} for the observer from the moving inertial
system Uj, the moments of force applied to the lever are balanced. So only in this one dynamics
right angle lever paradox does not occur. For all other dynamics, including Einstein’s, moments of
force in the system of moving observer are not balanced. Therefore, it might seem that, according to
the moving observer, the lever should rotate. The right angle lever paradox is that if the lever does
not rotate in the resting system, it does not rotate for an observer from any other inertial reference
system. The right angle lever paradox in Einstein's dynamics, as well as other dynamics {x} # {0},
can be explained if you notice that in these dynamics for the moving observer the torques (31) and
(32) do not have to be equal for the body to be in static equilibrium.

5.2. Paradox of vector non-parallelism

In dynamics {x} # {0} the vector of acceleration may not be parallel to the force vector
causing the acceleration. Then the body accelerates in a slightly different direction than the
direction of force. This is shown in Figure 4. In the inertial system U,, in which the body
temporarily rests, the force F,; and acceleration a,, are parallel to each other. This must be the case
in own body system, because the STR should meet the correspondence principle in relation to
Newton’s mechanics. But for the observer from inertial system U, the force F,; and acceleration
ay; are not parallel to each other.

This can be shown in the following way. As in our own body system the force F, and the
acceleration ay, are parallel to each other, thus the following occurs
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F;, _ a3, (40)
F), a,

From the transformation of forces (13), (28) and the transformation of accelerations (3)-(4)
the following is obtained (assuming that the vector F,, is not perpendicular to velocity vy;)

L (x} L L L 2 L

F, g7 F;), a4, @,y ay,

gayp = Fl= e gl N g, = R (41)
2/1 Y 2/2 a,, a4,y a,,

The angles of force slope and acceleration will be the same in the moving inertial system U},
only in dynamics {x}, which meet the condition

{x}
v X X
: ;/gle/l)' =y = g{ }(V2/1) = 72 (42)

Calculations (33)-(39) show that such a dynamic is only {x} = {0}.

Yi,zih Usl vy Y2, 22|
—
| n 1
: a,, a,, a5, )
|
| 1
1 F
: F2/1 F2/1 2/1 F2/1
|
! I I I I
: E, a, ! F, 2, X2
Uy, 1 —)VZ/I Us, t

Fig. 4. In dynamics {x} # {0} the acceleration vector may have a different direction than force.
This illustration refers to the dynamics{x} > {0}.

It is important to note that the force vectors F,; and F,, represent the same force, but
measured from different reference systems. The acceleration vectors ay; and ay, represent the same
acceleration, but measured from different reference systems. For the observer from U, system, the
acceleration vectors and forces are parallel. Nevertheless, in dynamics {x} # {0} for a moving
observer, these vectors are not parallel. For the moving observer, one line (direction in space) is
divided into two different lines (two directions in space). This seems to be impossible. Moreover,
the Lorentz transformation maintains parallelism. If two vectors have the same direction in space,
then this is the case for every observer. If in dynamics {x} # {0} is different, then requires special
explanation.

6. Conclusions

The paper shows that from each STR dynamic for one spatial dimension, there is a clear
dynamic for three spatial dimensions. The equations for the perpendicular force transformation and
the equation of motion for the perpendicular force to body speed have been derived.

It was shown that only in one STR dynamics {x} = {0} there is no right angle lever paradox.
In all other STR dynamics this paradox occurs, and needs clarification.

In all dynamics {x} # {0} for a moving observer, the force vector does not need to be
parallel to the acceleration vector caused by this force. This is contrary to the Lorentz
transformation, which maintains the parallelism of vectors. It follows that all dynamics {x} # {0},
including Einstein’s dynamics, are inconsistent with STR kinematics. Only one dynamics {x} = {0}
is devoid of this paradox.

7 www.ste.com.pl




Derivation of numerous dynamics of the Special Theory of Relativity for three spatial dimensions
Szostek Roman

Bibliography

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Cavalleri G., Gron O., Spavieri G., Spinelli G., Comment on the article "Right-angle level
paradox" by J. C. Nickerson and R. T. McAdory, American Journal of Physics 46, 108-109,
1978.

Franklin Jerrold, The lack of rotation in a moving right angle lever, European Journal of
Physics, Vol. 29, No. 6, 55-58, 2008.

Katz Robert, An Introduction to the Special Theory of Relativity, D. Van Nostrand Company,
Book 9, 1964.

Lewis Gilbert N., Tolman Richard C., LVII. The principle of relativity, and non-newtonian
mechanics, Philosophical Magazine 18, 510-523, 1909.

Nickerson J. Charles, McAdory Robert T., Right-angle lever paradox, American Journal of
Physics 43, 615-621, 1975.

Szostek Roman, Derivation method of numerous dynamics in the Special Theory of Relativity
(in  English), Open Physics, Vol. 17, 2019, 153-166, ISSN: 2391-5471,
https://doi.org/10.1515/phys-2019-0016.

Szostek Roman, Metoda wyprowadzania licznych dynamik w Szczegolnej Teorii Wzglednosci
(in Polish), viXra 2017, www.vixra.org/abs/1712.0387.

Szostek Roman, Memoo ewi6ooa mHocouucnennvix Ounamux 6 Cneyuanvrou Teopuu
Omnocumenvrnocmu (in Russian), viXra 2018, www.vixra.org/abs/1801.0169.

Other important publications

Szostek Karol, Szostek Roman, The explanation of the Michelson-Morley experiment results by
means universal frame of reference (in English), Journal of Modern Physics, Vol. 8, No. 11,
1868-1883, 2017, ISSN 2153-1196, https://doi.org/10.4236/jmp.2017.811110.

Szostek Karol, Szostek Roman, Wyjasnienie wynikow eksperymentu Michelsona-Morleya przy
pomocy teorii z eterem (in Polish), viXra 2017, www.vixra.org/abs/1704.0302.

Szostek Karol, Szostek Roman, Ob6wsacnenue pezyromamosg sxcnepumenma Maiikenbcoua-
Mopau npu nomowu yHusepcanvnou cucmemst omcuema (in Russian), viXra 2018,
www.vixra.org/abs/1801.0170.

Szostek Karol, Szostek Roman, Kinematics in the Special Theory of Ether (in English),
Moscow University Physics Bulletin, Vol. 73, Ne 4, 413-421, 2018, ISSN 0027-1349,
https://rdcu.be/bSJP3.

Szostek Karol, Szostek Roman, Kinematyka w Szczegolnej Teorii Eteru (in Polish), viXra 2019,
www.vixra.org/abs/1904.0195.

Szostek Karol, Szostek Roman, Kurnemamuxa ¢ Cneyuanvnoi Teopuu O¢hupa (in Russian),
Bectuuk MockoBckoro Yuusepcurera. Cepust 3. @usuka u Acrponomusi, Ne 4, 70-79, 2018,
ISSN 0579-9392, http://vmu.phys.msu.ru/abstract/2018/4/18-4-070.

8 www.ste.com.pl




Derivation of numerous dynamics of the Special Theory of Relativity for three spatial dimensions
Szostek Roman

[9] Szostek Karol, Szostek Roman, The derivation of the general form of kinematics with the
universal reference system (in English), Results in Physics, Volume 8, 429-437, 2018, ISSN:
2211-3797, https://doi.org/10.1016/j.rinp.2017.12.053.

Szostek Karol, Szostek Roman, Wyprowadzenie ogolnej postaci kinematyki z uniwersalnym
uktadem odniesienia (in Polish), viXra 2017, www.vixra.org/abs/1704.0104.

Szostek Karol, Szostek Roman, Bs1600 06wezo suda kunemamuxu ¢ ynueepcaibHou cucmemot
omcuema (in Russian), viXra 2018, www.vixra.org/abs/1806.0198.

[10]Szostek Roman, Formal proof that the mathematics on which the Special Theory of Relativity
is based is misinterpreted (in English), viXra 2019, www.vixra.org/abs/1904.0339.

Szostek Roman, Formalny dowod, Ze matematyka, na ktorej opiera si¢ Szczegolna Teoria
Wzglednosci  jest blednie interpretowana (in Polish), viXra 2019,
WWwWw.vixra.org/abs/1902.0412.

Szostek Roman, @opmansvhoe Odoxazamenscmeo, umo mamemamukda, HA — KOMOPOU
ocnosvieaemcst Cneyuanvnas Teopuss Omuocumenvrocmu Hesepro ucmonxosana (in Russian),
viXra 2019, www.vixra.org/abs/1911.0223.

[11]Szostek Roman, Explanation of what time in kinematics is and dispelling myths allegedly
stemming from the Special Theory of Relativity (in English), viXra 2019,
www.vixra.org/abs/1911.0336.

Szostek Roman, Wyjasnienie czym jest czas w kinematykach oraz obalenie mitow rzekomo
wynikajgcych  ze  Szczegolnej  Teorii  Wzglednosci  (in  Polish), viXra 2019,
www.vixra.org/abs/1910.0339.

9 www.ste.com.pl




