Is the photon’s superluminal motion possible?
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Abstract

In this article the concept of “tachy-photons” is introduced. The tachy-photons are
photons emitted by an accelerating light source. The tachy-photons can travel faster
than the speed of light, but their average speed is equal to the speed of light. Using
the trajectories of tachy-photons, the apparent motion of an accelerating light source is
calculated. This apparent motion of the light source is dramatically different from its
actual motion.
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1. Introduction

Consider a sound source on the floor of a moving train travelling at a constant speed (Fig.
1 (I)). At some point, the sound source emits a sound pulse vertically upwards. The trajectory
of the sound pulse, as seen by an observer inside the train at the point A, is the straight line
in Fig. 1 (I). Therefore, at some point, the sound pulse will reach the point B. This occurs
because the sound pulse is "pushed" by the propagation medium (the air) inside the train. So
we could say that the sound pulse "follows" the sound source.

Now consider a light source on the floor of a moving train travelling at a constant speed (Fig.
1 (II)). At some point, the light source emits a light pulse vertically upwards. It is known from
the theory of Special Relativity, that the trajectory of the light pulse, as seen by an observer

inside the train at the point C| is the straight line in Fig. 1 (II). Therefore, at some point
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Figure 1: (I) The sound source (the triangular mark) on the floor of the train, emits a sound pulse (the square
mark) vertically upwards. There is air in the space inside the train. (II) The light source (the triangular mark)
on the floor of the train emits a light pulse (the square mark) vertically upwards. The space inside the train is
vacant.

the light pulse will reach the point D. This occurs because the train is an inertial reference
frame. If we think about it, something impressive and strange is happening. The light pulse
"follows" the light source even though it is not "pushed" by any propagation medium (the light
propagates in the vacuum). The light pulse has no obvious reason to follow its source. It is
logical to conclude that the above property doesn’t depend on the nature of the reference frame.
It is a property that arises from the fact that the light propagates in the vacuum. Therefore,
we can assume that the above property also occurs in a non-inertial reference frame.

Let’s see the same phenomenon from another viewpoint. Suppose an observer in an accel-
erating car throws a ball upwards. Due to the property of inertia, the ball will maintain the
speed it had when it left the observer’s hand. So, the ball will be left behind in relation to the
accelerating car. Suppose now that a photon is emitted upwards from inside the accelerating
car. The photon has no mass, therefore it does not have the property of inertia. The property
of inertia is a property of the matter. But the photon has no mass - it is not matter. So the
photon has no reason to be left behind in relation to the accelerating car.

Suppose that the light source in Fig. 2 is accelerating in a straight line and at ¢ = 0
emits a photon perpendicular (in its reference frame) to its displacement. If we accept that
an emitted photon “follows” the light source, as described in the previous paragraph, then it
will reach the point C' in time At = L'/c (¢, the speed of light). This is the time period
between the emission event and the detection event for an accelerating observer at the point
S’. For a motionless observer at the point A the time period between the emission event and
the detection event is At = L/c. Working analogously to the Einstein’s triangular time-delay

diagram!"! and assuming that initially the clocks of the two observers are synchronized to zero,



Photon detector

, v C
Detection
Emission L L event
event
5
S"YA X S"™'B
2 5’

Light source‘

Figure 2: Time delay triangle. S the fixed reference frame, S’ the reference frame of the light source.

the above consideration leads to the following Lorentz-type coordinate transformations/?!

7' =7(0) (x —0t) (1)
y=y, F =2 (2)

t = 5(9) (t - i—f) (3)
b= “‘f (4)

2. The equivalence principle and the light source’s motion

It is known from the equivalence principle that an accelerating frame with constant acceler-
ation a is equivalent to a gravitational field with a gravitational acceleration equal to § = —a.

But, which situation exactly does the equivalence principle describe? Consider two observers,
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Figure 3: An elevator moves upwards at a constant speed ¥. (I) The photon’s source is fixed outside the elevator.
(IT) The photon’s source is nailed to the left side of the elevator. The solid lines are the trajectories of the
photon as seen by an observer outside the elevator. The dashed lines are the trajectories of the photon as seen
by an observer inside the elevator.

the one inside an elevator moving upwards at a constant speed U and the other outside the

elevator, as shown in Fig. 3. Suppose that outside the elevator there is a fixed photons’ source
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Figure 4: An elevator moves upwards with constant acceleration @. (I) The photon’s source is fixed outside the
elevator. (II) The photon’s source is nailed to the left side of the elevator. The solid lines are the trajectories
of the photon as seen by an observer outside the elevator. The dashed lines are the trajectories of the photon
as seen by an observer inside the elevator.

(Fig. 3 (I)). For the observer outside the elevator, the photon’s trajectory is a horizontal line
(the solid line in Fig. 3 (I)). For the observer inside the elevator, the photon’s trajectory is
a straight line sloping downwards (the dashed line in Fig. 3 (I)). Suppose now that the light
source is nailed to the elevator’s left side (Fig. 3 (II)). In this case, for the observer outside
the elevator, the photon’s trajectory is a straight line sloping upwards (the solid line in Fig.
3 (IT)). For the observer inside the elevator, the photon’s trajectory is a horizontal line (the
dashed line in Fig. 3 (II)). The theory of Special Relativity predicts the trajectories of Fig. 3.
Therefore, it is known from the framework of Special Relativity that the light source’s motion
(as described above) affects the trajectory of the emitted photon.

Suppose that the elevator is moving upwards with a constant acceleration a and we execute
the previous experiments (Fig. 4). Then, it is reasonable to conclude that the trajectories
will be pretty much the same compared to the trajectories in Fig. 3, with the difference that
the non-horizontal lines will be curved. So, the equivalence principle describes only the curved
trajectory in Fig. 4 (I). The equivalence principle doesn’t describe the curved trajectory in
Fig. 4 (II). This trajectory can be described by using the Lorentz-type transformations of

non-inertial reference frames.

3. The trajectory of a photon emitted by an accelerating light source

Suppose that the light source in Fig. 2 accelerates with a constant acceleration a and initially
has no speed (vg = 0). So, the light source’s equation of motion is rg = at?/2. At time t = 0
a photon is emitted from the light source perpendicular (in the light source’s reference frame)

to its displacement. According to the consideration of Introduction’s Section 1, the photon



“follows” the light source. This means that the coordinate x’ of the emitted photon is equal to

zero (¢' = 0). From Eq. 1 we have that the coordinate x of the emitted photon is

1
:L‘:§at2 (5)

The coordinate 3’ of the emitted photon is
y =ct (6)

From Equations 2, 3, 5 and 6 we have that the coordinate y of the emitted photon is

a?t?
42

(7)

y=cty\/1

Solving Eq. 5 in terms of ¢ and substituting it into Eq. 7, we have that the trajectory of the

emitted photon, as seen by an observer at the point S, is a circle with radius ¢?/a.

C2 2 ) 02 2
_ = . 8
(=) 2= () ®
From Equations 5 and 7, we have that the speed of the emitted photon is

C -
Uph = ———= = (0 ¢ (9)
1 -

The photon reaches its maximum speed at time ty = c¢/a, when the light source reaches the
speed of light.

2
Uphmas) = —= ~ 11547 ¢ (10)

V3

From Eq. 5 and Eq. 7 we can calculate the average speed of light from time ¢t = 0 to time t.

<@>=(z/t) i+ (y/t)§=

<@>=(at/2)+c\/1—(a2?)/(42) ) =
|<u>|=c

So, the photon’s average speed is equal to c. Figures Fig. 5 and Fig. 6 show respectively the

trajectory and the speed of the emitted photon from time ¢t = 0 to time ¢t = ¢ty = ¢/a when

3
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Figure 5: The trajectory of a photon emitted by an accelerating light source. (0 <t <c¢/a,a=1,c=1)
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Figure 6: The speed of emitted photon versus the time t of reference frame S. (0 <t <c¢/a,a=1,c=1)

light source reaches the speed of light. It is well known that the light, as an electromagnetic
wave, is described using the Classical Wave Equation. The wave equation in one dimension is
0% /0x* — (1/c*)0*/0t* = 0, where c is the constant wave speed, ¥ = f(z — ct) + f(z + ct)
is the wave form and ¢ = A f is the law of wave propagation. The wave equation can also
describe waves that travel at a constant average speed < ¢ >. In this case the wave equation
is 029 /02 — (1) < ¢ >%)0*/0t> = 0, the wave form is ¢ = f(z— < c > t) + f(z+ < c > 1)

and the law of wave propagation is < ¢ >= A f.

4. The Einstein’s elevator as an evidence of the photon’s circular trajectory

A well-known accelerating reference frame is the frame of a free-falling elevator in a weak
homogeneous gravitational field (Einstein’s elevator®). On the one side of the elevator, there

is a light source that emits photons to the other side. If the length of the elevator is L (Fig. 7)



then the time it takes a photon to reach the other side of the elevator is approximately t; ~ L/c.
The time ¢, is a tiny amount of time, so we can conclude that the curvature of the photon’s
trajectory is tiny too. So, we can accept that the photon’s trajectory is approximately a tiny

part (AB trajectory of Fig. 7) of a huge circle. From Fig. 7, using the Pythagorean theorem
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Figure 7: Free-falling elevator in a weak homogeneous gravity field.

we have that

Finally, under the consideration that ¢, is a tiny amount of time, we can conclude that the

radius R of the circle is approximately

V)

c
R~ — (11)
g
The above radius is equal to the radius of the photon’s trajectory predicted in Section 3. This

methodology is not a proof, but an evidence that the photon’s trajectory predicted in Section

3 1s correct.



5. The apparent motion of the light source

Consider a light source moving on the x-axis with constant acceleration a and every time it
increases its speed by 0.1 ¢, it emits a photon perpendicular (in the light source’s reference frame)
to its displacement. Working analogously to Section 3 we can plot the photon’s trajectory for

every emission (Fig. 8). From Fig. 8 we can see that the trajectories of the emitted photons
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Figure 8: The light source is moving on the x-axis with constant acceleration a and every time it increases its
speed by 0.1¢, it emits a photon perpendicular (in the light source’s reference frame) to its displacement. The
trajectory of each photon is a time-parametric plot of equations  —x¢ = 0t and y = ¢t/~v(?), which are derived
by substituting 2’ = 0 into Eqs. 1, 2, 3 and 6, where © = ug + at/2 as result of Eq. 4, zo = u?/(2a) and
0<t<(c—ug)/a. (a=1c=1)

are constantly moving away from each other. Let’s study two photons (the circles marks
in Fig. 8) emitted when the light source had speed uy = 0.2¢ and ug = 0.3 ¢ respectively.
The displacement of the light source is Ax = x5 — x4 = 0.046 — 0.022 = 0.024. The apparent
displacement is calculated when the two photons reach the points C' and D respectively. So, the
apparent displacement is AZypparent = Tp — o = 0.502 —0.325 = 0.177 (AZgpparent/ Az = 7.4).

The average speed of the light source for the displacement Ax = 25 — x4 is < u >= 0.25¢.

The emitted photon from the point A is travelling at constant average speed c. Thus, the time



required for the photon to reach the point C(yc = 0.53) is

AC 1
Aty = - = E\/(ﬂﬁc —14)? 4+ yc? (12)

The emitted photon from the point B is travelling at constant average speed c. Thus, the time

required for the photon to reach the point D(yp = 0.53) is

BD 1
AtQZTZE\/(ZL‘D—l’B)Q—I—yDQ (13)

The time required for the light source to travel the distance Ax = xg — x4 is

ITB —TA

Aty =
<u>

(14)

Therefore, the average apparent speed of the light source is calculated when the two photons

reach the points C' and D respectively.

Tp — Xc
< > apparent™= ~ 0.96 15
W Zapparent™ Ny TN + Ay ¢ (15)

6. Conclusions

An emitted photon by an accelerating (with constant acceleration) light source can reach
a speed 15.47% higher than the speed of light. Thus, such a photon can be called a “tachy-
photon”. The average speed of tachy-photons is equal to c. As it is shown in the end of Section
3, these results don’t violate the Maxwell’s equations of Electromagnetism. The trajectory of
tachy-photons is a part of a circle with a radius equal to ¢?/a, where c is the speed of light and
a is the light source’s constant acceleration. The idea that a photon under a mechanism can
travel faster than the speed of light is strange. If we think about it, the idea that a photon
travels at the speed of light is strange too. In the context of Special Relativity, an observer
travelling at the speed of light will see a universe of infinite mass and zero length. Thus, the
speed of light itself appears strange properties in the context of Special Relativity.

The result of Section 5 is that tachy-photons emitted by an accelerating light source give an

apparent motion for the source. In this apparent motion the measurements of the displacement



and speed of the light source are dramatically different from the actual values. It is known that
the universe is expanding at an accelerating rate. This phenomenon has forced the astronomers
to introduce the concepts of Dark Matter and Dark Energy.l*l The composition of these two
concepts is an unsolved problem in Physics. But in the context of tachy-photons, the measure-
ments of the speed and distance of the stars are completely misleading. Maybe, according to
this logic, the concepts of Dark Matter and Dark Energy are not needed or their amounts are
much smaller than those calculated by cosmological models. Maybe the cosmos is an illusion.

Of course this hypothesis needs more study and research.
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