Journal of Physics & Optics

Sciences

Research Article

ISSN:2754-4753

\?‘.»SCIENTIFIC

Research and Community

v
Open @ Access

Newton's Second Law in Special Theory of Relativity

Golovkin Boris Georgievich

The Public Institute of Natural and Human Sciences, Yekaterinburg, Russia

ABSTRACT

greater than the critical mass of the body becomes negative.

A formula for the second law is proposed, taking into account SRT and the delay of relativistic effects, according to which the acceleration of the body will
decrease with an increase in the speed of the body, and at some critical speed w=~235696.8871 km/s it will be equal to zero. When the speed of the body is
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Introduction
It has been experimentally established that accelerations in the
motion of bodies are proportional to the acting forces:

a = F, (D

and the directions of the resulting accelerations with the direction
of the acting forces, and, at the same time, the accelerations
acquired by the bodies under the action of a given external force,
are inversely proportional to the masses of the bodies:
1
a M o ()

If we combine these two dependencies and agree on the units of all
quantities, then Newton's second law will be obtained in the form:

F = ma. 3)

The force F=3F, is the resultant of the forces F,, acting on a

body of mass m. Since the acceleration is determined by the ratio
_ vV
- ta—ty 4)

then, substituting (4) into (3), we find the generally accepted

formula for Newton's second law

mvp_mvy __ A(mv)

F = =
ta—t4 At

d
- (mv) =ma. (5

Since in formula (5) no restrictions are imposed on the acceleration
of the body, the speed of the body can also take on arbitrarily
large values.

The discovery of the Special Theory of Relativity (SRT) required
the appropriate refinement of the law [1].

The purpose of this work is to propose a formula for Newton's
second law that takes into account SRT.

Newton's Second Law, Taking into Account Changes in Mass
and Speed

According to the work of R.C. Tolman, if force is defined as the
rate of increase in momentum, then equation (5) allows for changes
in both mass and velocity [2]:

m— +@ (6)

-

—
F= dt(mv)

Where the mass m of a moving body depends on its speed and
rest mass m,

7o (7

mzm(v)zmvzm.

After substituting (7) into (6), we obtain

= Mo vy d( Mo Gyt _dv,vd mc
Vi-vE /et dt V1-v2/c? Ji—vZ/etde - ctdt1-v2/c?
®)

From the consideration of equations (6) and (8) it can be seen that
the force acting on the body is equal to the sum of two vectors, one

dv
of which is directed towards the acceleration a and the other

in the direction of the existing speed v,so that, in general, the force
and the acceleration it produces do not act in the same direction.
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In the case, important for further analysis, when acceleration, velocity and its change have the same direction, equality (8) can be
written as

_ M dv, vd mc
F=F+EF, Mmdt—i_rszdt\.ml ©)

The terms of equality (9) can be represented as:

dv Mo
v vodt v V1-v2/c?
Mo
E. = d_m — y1-ve/c? — mUUZ/CZ . E =m a—vzfcz = m a_vz (11)
m dt dt (1-v2/c?)15  dt 0™ (1—v2sc2)15 v ez p2 °

Where

a=aef(v). 12
f(v) is anormalization function. Since the value a in equalities (10 - 12) plays the role of the acceleration of the body both at the initial
moment of the action of the force at (moment of breakaway), and at any other moment when the speed of the body is already equal

to v, and the breakaway refers already to this moment, then the acceleration a is essentially a constant. Therefore, the normalization
function can be defined as:

fw)=1. @)

Then
a=ag. (14)

Substituting (7, 10 - 14) into (9), we get a convenient version of Newton's second law, taking into account changes in ace and speed

UZ
F = myay (1 + cz—-uz) =mya, . (15)
Where
_ v2 Y ag
v = do (1 + cz—vz)  1-vZ/e2 (16)

With an increase in the speed of the body, its acceleration under the action of the same force takes on even greater values, and when
the speed of the body reaches the speed of light, it becomes infinite. If this conclusion were correct, then the speed of the body, under
the influence of the corresponding forces, would become greater than the speed of light, which contradicts the postulates of Einstein
and the fact that, in accordance with formula (7), the mass of the body becomes imaginary [1].

Newton's Second Law, Taking into Account Changes in Mass, Speed, Time Rate and Body Size

From SRT it is known that moving bodies experience not only changes in mass and speed, but also a reduction in their length / in the
direction of movement, as well as the rate of time v = At. If these effects are taken into account, then equality (9) should be written:

F=F+F,+F +F, . (17)

Equality (17) is consistent with the conclusion of E.L. Feinberg, which allows us to consider relativistic changes in the length and
time scales as a result of the action of certain forces [3]. Naturally, these forces are part of the force F' F that acts on the body.

Considering that in SRT
=11 —-v?/c?, (18)

We can write the equation:

Fo=_pMe. dl_  mo digyi-v?/c? _  medyi-vi/c2 dv_ . v (19)
l lo dt lo dt dv dt 0% 2 1visez
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. my . . .
The coefficient —17 I_D is selected so that the entire expression
0
for F, has the dimension of force, and the minus sign indicates that the length of the body decreases rather than increases with an
increase in its speed.

Arguing similarly, given that the rate of time 7 = At in SRT slows down in a moving body

To
T=—7——.
Vi-vije? - (20)
Find
mgv dt vZ/c?
= 0. =_ =l
K Tg dt moea (1-v2/c2)L5 @

The minus sign in formula (21) is explained by the fact that the rate of time of a moving body slows down rather than accelerates, i.e.
the amount of time, as it were, "accumulated by the body" during movement becomes smaller, in contrast to the mass, the amount
of which increases with increasing body speed.

Substituting (7, 10 - 14, 19, 21) into equality (17), we obtain the formula for Newton's second law in the form
F= J1—v2/c? = —=2 1-2) =
= MyQy -V /C = Wau ( - C_Z) =m,a, . (22)

Where
U‘Z
a, =a(1-%) (23)

Formula (23) says that the greater the speed of the body, the smaller the acceleration that the body receives from the force F, becomes,
and when the body reaches a speed equal to the speed of light, the acceleration of the body generally becomes equal to zero, i.e. the
influence of the force F' does not allow increasing the speed of the body above the speed of light. This solution explains the impossibility
of moving at a speed greater than the speed of light by the fact that regardless of the magnitude of the applied force to a body moving
at the speed of light, the acceleration of the body turns out to be zero, i.e. the speed of a body cannot exceed the speed of light.

Newton's Second Law Taking into Account SRT and Delay of Relativistic Effects

According to the work of S.I. Syrovatsky, relativistic effects are delayed, i.e. first there is some change in the speed of the object, and
then the corresponding consequences appear: changes in the mass, length and rate of time of the moving object [4]. In accordance
with A. Einstein's principle of relativity, among inertial reference frames there is no privileged frame of reference and it is impossible
to detect the state of absolute motion. Therefore, anybody can be chosen as resting, so that at the initial moment of interaction of the
body with an object that exerts a force on the body, its speed v=0, mass m =m, and acceleration a =a,.Substituting these values of
the parameters of the body at rest into (10), we obtain

dv
E,=m, T s @ = Moag = Fo. (24

Then equation (17), taking into account (24) and the conclusion of S.I. Syrovatsky can be written:
F=F,+F,+F +F . (25)

Indeed, the object, as a source of force, begins to influence the body even when it is at rest, and the change in the mass, length and
rate of time of the body occurs somewhat later, namely when the body has already acquired a certain minimum speed and began
to move. Therefore, the forces expended to change the mass, length and rate of time of the body already correlate to this minimum
speed, and therefore formulas (11), (19) and (21) must remain the same.

Substituting equalities (11 - 14, 19, 21, 24) into (25), we get:

— v? — My 2 /A2 2 7-2\ —
F=moa (1= Simmm) = Tmm 0o (W1 - 02/ = v?/e?) = myay. 26)
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where
a, = a, (+«\£1 —v2/c? — vz/cz) : (27)

The “+” sign in formulas (26, 27) indicates that the mass of the body and its acceleration are positive values. From formula (27) it
can be seen that the acceleration of the body will decrease with increasing body speed, and at some critical speed w will be equal to
zero. To find w, we solve the equation

J1—v2/c2—v?/c? =0 (28)
vi4cp? —ct =0, 29)

Where do we get:

I
Ly 0,7862c =~ 235696.8871 km/s . (30)

V=w=2=cC

The square of the critical speed w is the golden ratio of the squares of speeds that do not exceed the speed of light, i.e. he divides the
range of squares of these speeds in the extreme and average ratio into two parts so that the boundary of this section is the geometric
mean between these parts. However, in most literary sources, the reciprocal value of ®=1.618034, is taken as the value of the golden
section, which is usually denoted by the first letter of the name of the ancient Greek architect Phidias [5].

In Table. Figure 1 shows the characteristics of a body moving with acceleration, calculated by formal formulas (7, 27), as well as
the values of the mass defect Am = m_—m,, acceleration a_r, and mass m_r, which the body should have as a result of applying the

reinterpretation principle, which is marked with the index r [6].

Table 1: Characteristics of a moving body under the action of force F (26)

v m (7) m, Amr av (27) a,
0 m, m 0 a, a,
0.5¢ 1.155m0 1.155m, 0,155a, 0,616a, 0,616a,
0.75¢ 1.512m, 1.512m, 0,512a, 0,099, 0,099a,
10} Om, +0m,, +0.618m, 0 0
-0.718m,
0.8¢c 1.666m, —1.666m, —2.666m, —0.040a, 0.040a,
0.9¢ 2.294m, —2.294m, —3.294m, —0.374aq, 0.374a,
J262 -1 2.385m, -2.385m, -3.385m, ~(\2-1) q, (2-1)q,
c 0 -00 - — 4 4

When the object's speed is greater than the critical one, the acceleration of the body, defined by formula (27), formally becomes

negative. Negative acceleration can be understood in three senses:

1. Asadecrease in the absolute value of the acceleration of the movement of the body relative to the acceleration that was recorded
at some point in time. If the acceleration of the body @, has become less than a,, which was before this moment, then the difference
between these accelerations a -a,=-a,,, could be considered a negative acceleration.

2. As a deceleration, a decrease in the absolute value of the speed of the body, when the speed of the body begins to decrease
relative to the speed that was recorded at some point in time.

3. Like a change in the sign of the direction of movement of the body, when the body from a certain moment begins to suddenly
move in the opposite direction.

In our case, the absolute value of both the acceleration a_v, and the speed of the body at npu v> @ (Table 1) increase rather than
decrease. Therefore, the first two interpretations of negative acceleration are not acceptable. The third option remains, when the sign
of the direction of motion of the body changes. However, in this case, formula (26) is violated, namely, the right side of the formula
becomes negative, while the left side remains positive, since the direction of the acting force does not change. This is possible only
if the mass of the body also becomes negative.

Discussion of the Results

In (7) J.P. Terletsky proposed to call particles with negative mass negatons. As shown in the work of the author, the negativity of
acceleration for negatons means that they, in accordance with the principle of equivalence of the inertial and gravitational masses
of Einstein [7]
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mg=mg, = my.

€2y

(mi, ma, mp- Inert, active and passive gravitational masses,
respectively) must move in the opposite direction to the force.
However, in the same paper, a new equivalence principle
generalized for the case of particles with negative mass was
substantiated [8]:

Imy| = |mg| = |"lp| . (32)

Formula (3), taking into account (32), should be written as:

F=|mla. (33)
From formulas (32) and (33) it follows that the direction of particle
acceleration, regardless of the sign of the gravitational charge of
the mass of this particle, is always directed towards the action of
the corresponding force. Therefore, the sign of particle acceleration
is always positive, and the law of universal gravitation, taking into
account (32), will look like:

F = myla=—c"2" (34)

T

Particles with negative mass, obeying the equivalence principle (32),
are proposed to be called negaons [8]. Thus, as soon as the speed of
the particle becomes greater than the critical one, the mass of the
particle becomes negative, although its speed is directed towards
the acting force. Then, in order for the initial equality (3) to hold,
it follows that the acceleration of the body must become positive.
Such a change in the signs of mass and acceleration corresponds to
the principle of reinterpretation, which allows changing the signs
of the characteristics of an object, if this makes it possible to more
rationally determine the state and essence of the object (for example,
the Stiickelberg-Feynman interpretation of positrons as electrons
with negative energy moving backward in time) [6]. In the third and
seventh columns of Table 1 shows the values of the mass m_ and
the acceleration of the body a, as a result of the reinterpretation.

The existence of substances with negative mass does not contradict
any fundamental physical laws. It is easy to see that the law of
conservation of mass, the law of conservation of momentum, and
the law of conservation of energy are satisfied [9]. Therefore,
there are no logical prohibitions on their existence. Moreover,
by now, a mechanism has been developed for the appearance of
mass in fundamental particles. It is based on their interaction with
the space-filling homogeneous Higgs field, according to which
fermions acquire masses [10]:

$po
c2

me = (35)

where ¢ is the strength of the Higgs field, ¢ is the coupling
constant of the corresponding fermion with this field, ¢ is the
speed of light. In the case of a real Higgs field, only two points of
energy minimum ¢ =+a and ¢ = — a are possible [11]. Together
with (35), these value of ¢, give us grounds to assume the existence
of matter with a negative mass.

From all of the above, it follows that the appearance of Newton's
second law (formulas 15, 22, 26) is formally the same, although the
dependences of the acceleration of the body on their speed at the
current moment are different. The most realistic in the pragmatic
sense is an alternative solution based on the conclusion of E.L.
Feinberg, which requires taking into account changes in the rate
of time and body size. The proposed alternative theory makes it
possible to detect the hypothetical possibility of the existence of

bodies in a state with a negative mass, or at least some anomaly
in the behavior of the body when the critical speed is reached
®~=235696.8871 km/s. Unfortunately, at the Large Hadron Collider,
no attempts were made to detect in the products of the acceleration
of particles of matter to velocities exceeding this value, and there
are no special signs of the transition of the matter of these particles
to a state with a negative mass in the literature.

Conclusions

1. Itis shown that Newton's second law, which takes into account
only changes in the mass and velocity of a body, contradicts
Einstein's postulates.

2. A formula of Newton's second law is proposed, taking into
account the change in mass, speed, time rate and dimensions
of the body, explaining the impossibility of moving at a
speed greater than the speed of light, since, regardless of the
magnitude of the applied force to a body moving at the speed
of light, the acceleration of the body turns out to be zero.

3. A formula for the second law is proposed, taking into
account SRT and the delay of relativistic effects, according
to which the acceleration of the body will decrease with an
increase in the speed of the body, and at some critical speed
®~235696.8871 km/s it will be equal to zero.

4.  When the speed of the body is greater than the critical mass
of the body becomes negative.
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