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ABSTRACT: Our understanding of the universe has changed widely since Einstein’s explanation
of time as an axis. In this paper, we aim to study the effect of traveling at speeds beyond the limit
assigned by Einstein in his theory of relativity. Using his very equations for time dilation, we will
show that it is not only possible to break down the barriers of time, but also to predict with certainty
about the effects that a body will undergo if it travels beyond the limit of the speed of light. This article
deals with the mathematical proof of time travelling and the derivation of a general formula that is
applicable for all speeds greater than, the speed of light. The extent of time dilation will also be under
discussion. This article concludes the variation in the dilation of time with concluding help of
exemplary questions and the extended articles used in the relativity equations. The methods and the
conclusion of our paper conclude the result in favor of relative extension of time.

Objectives: To study the influence of different speeds greater than light on the rest or proper time using Einstein's
equation of time dilation from the special theory of relativity. To study the relativity equation related to the dilation of
time. The possibilities of the time dilation regarding the various masses in case of exceeding the speed of light.
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dimensions.
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INTRODUCTION

The most influential and revolutionary article
ever published in the physics history was of Einstein in
1905 (Einstein, 1905). The theory of special relativity
caused great changes in the world of physics and stirred
even more hypotheses that led to the gradual but
complete change of our perception of the universe and
how it works. The theory itself has two postulates:

1. Every Newton’s law is used and can be
applicable in the inertial time frames.
2. As we knew the speed of light c is always same.

According to Einstein, Albert. “Relativity: The
Special and General Theory”. (1920) page no. 1 to 65.

Einstein proved mathematically that for objects
travelling at the speed of light or by a factor of ¢/10
astonishing consequences are to be observed. The mass
of the object becomes massive (mass variation), so much
so that it becomes impossible for it to be moved. The
object shortens (length contraction). The famous mass-
energy equation is also one of the results of this theory.
But the most fascinating result is, indeed, time dilation.
As explained by Albert Einstein in ‘the electrodynamic of
the moving bodies’ (published on 30™ June 1905).
E = mc?

One of the maximum best portions of
instructional literature ever produced in physics history is
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Einstein’s unique concept of relativity. The concept of
unique relativity explains how space impacts on mass &
time. Small quantities of mass may be changed with big
quantities of electricity , as described via way of means
of the traditional equation E = mc2, in line with the
concept, which gives a method for the rate of mild to
outline the hyperlink among electricity and matter.

"energy is equal to mass times the speed of
light squared.”

However, they are not easily interchanged. Due
to the light speed is already a huge figure, and the
derivation requires it to be multiplied 2 times (or squared)
to get more bigger, a minute quantity of mass contains a
massive pottential of energy. As PBS Nova described in
an example, "If you could convert every atom in a paper
clip into pure energy, leaving no mass behind, the paper
clip would produce [the equivalent energy of] 18 kilotons
of TNT. That's about the size of the bomb that annihilated
Hiroshima in 1945."

The most remarkable effects of theory of special
relativity in dilatation of time. As Jefeminko in 1996
explained the Time dilation, according to this theory,
there is the difference in elapsed time between two events
as measured by observers who are really moving relative
to one another or moving differently depending on their
proximity to a gravitational mass. It basically states that
the faster we go, the more time we forfeit by Rindler in
1970
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An interesting question arises at this point: Does
time exist? The answer is simple: yes. It definitely does
(Horwich, 1978). Because only such a thing can be
controlled or governed that is an entity. Anything that
does not even exist cannot be controlled. Travelling at
speed of light controls time. (Einstein, 1905; Hawking,
1988). The Newtonian concept that time is merely our
perception of the sequence of events and all the talk about
the ‘arrow of time’ is thus defied. Time does have an
existence.

A similar phenomenon was discussed by
Stephen Hawking. He explains the existence of light
‘cones’ at the location of events (Hawking, 1988).
According to Hawking, any event taking place in the
universe has a past light cone, a future light cone, and the
place where they both meet (the present). Entering any of
these two light cones actually means entering the past or
future of a particular event. Hence, time was considered a
separate dimension. It brought the total to four (Manning,
1914). Now, we have 3 dimensions of space (X, y, z axis)
and one dimension of time. Today, however, we believe
in 5 dimensions including gravity; whereas, the String
Theory proposes up to 26 dimensions. (Frank D. and
Smith Jr.: ‘Physical Interpretation of the 26 Dimensions
of Bosonic String Theory”) 2001.

Time dilates when one travels at the speed of
light. This effect is even visible at 3 x 107 ms™* . The
same equations can also be used to predict just how much
one can travel in past and future, if one crosses the limit
of the speed of light set up by Einstein himself.

The astronaut began work on a deep space
journey at 95% the speed of light. The astronaut's clock
had measured ten years when he returned, so he had aged
ten years. When the astronaut reunites with his
earthbound twin, he discovers that the twin has aged 32
years! This is explained by the fact that the astronaut's
twin is travelling at relativistic speeds, which slows down
his "clock.”

TIME DILATON EQUATION:

t = to/(1-v2/c?) Y2

t is the time rewiwed in the differ reference frames.
t0 = is the time in frame of reference of the observer.
v = the moving object's speed

¢ = the vacuum speed of light

we'll set v = 0.95c, t0 = 10 years. Solve it for earthbound
twins refrence.

t = 10/(1- (.95¢)%/c?)"?

t = 10/(1- .95%)"

t=10/.312

t= 32 years

SAMPLE PROBLEMS RELATED TO TIME
DILATION:

1) Tanya boards a spaceship and travels at 0.800 times
the speed of light past Earth. Tara, her twin sister,
remains on Earth. They both start timers the moment
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Tanya's ship passes Earth. Tanya watches her timer and
stops it when 60.0 seconds have passed. How much time
has Tara's timer indicated has passed at that point?

Ans :

Aty
At = I'jv:
N ()
600 s
At = - 4
| 0.800cy"
'-qll_( c }
60.0 s
A=m=—
J1—(0.800)2
60.0 =5
At = jr——
W1— 0640
60.0 =
At = ——
£ 0.360
60.0 5
At =
0.600
At = 100 =

2) An observer notices that a muon has formed and
observes that it reaches the surface after 20.0 x 10-6
seconds. Observers also note that the muon he was
traveling at 2.97 x 108 m/s. How much time passed in the
muon's coordinate system from the time the muon formed
to the time it reached the surface?

Answer:
Aty | 174 2
ﬂt:;%ﬂto = At |1—{—)
PO
N e
.
At, = At |1 —{E}‘
e | c
\
[ 2
297 X 10% m/s
Aty = (20.0x107% 5) ||1 - 73/
N 3.0 x 108 m/s

Aty = (20.0 x 107% 5)4/1 — (0.990)3
Aty = (20.0 X 107° 5)v1 —0.9801

Aty = (20.0 X 107° 5)2/0.0199
At, = (20.0 x 107° 5)(0.141)
At, 2 282X 10 % s

The laws of physics forbid matter to attain a
speed equal to or greater than the speed of light. The
reason is again explained by Einstein. He famous
equation E =mc? is all about this. This equation is
explained next. As an object (initially at rest) gains more
and more speed, more and more energy is required to
move at this high speed. Thus, the object consumes
greater energy. Now as the same object approaches speed
close to the speed of light, the kinetic energy possessed
by the body converts into mass and adds to the original
mass of the body. Such that the object becomes so heavy
that it is difficult to move the object until at last, a stage is
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reached where the speed of the object becomes so high
that an infinite amount of energy is required to move it
any further. Such an amount obviously cannot be
provided and so it is said that any object can never
exceed the speed of light (Einstein, 1905; Hawking,
1988).

Then, how can light itself travel at a pace which
is forbidden by the laws of nature? To put it simply,
Einstein's famous mass-energy relation suggests that any
object traveling with the speed of light will have its mass
increased to such an extent, that it would be impossible to
move the object, unless or until one is able to provide an
infinite amount of energy, which is of course beyond the
scope of our world. Hence, no object can move at this
speed (Weinstock, 1965). Then, why light it-self can do
s0? Light itself has mass (photons: a term suggested by
Einstein) as explained by Max Planck's Quantum Theory.
(As explained by Badino, M. in ‘The Bumpy Road: Max
Planck from Radiation Theory to the Quantum’. Springer
International Publishing, 2015.) Why does its mass not
become infinite at such an exceptional speed?

The answer was given by de- Broglie.
According to him, light is the purest form of matter. It
does not obey the laws of relativity. Ordinary rules of
physics break at the discussion of light. Light, being the
purest form of matter, is the only matter that can pass
through another matter without disturbing it whatsoever
(Broglie, 1924). Hence, being the superior form of
matter, light is not affected even at the maximum speed
of the universe.

Another piece of evidence regarding the mass of
photons can be the phenomenon of pair production
(Blackett and Occhialini, 1933). In this phenomenon, a
gamma ray, which is, in fact, a photon, enters the electric
field of an atomic nucleus and splits up into its composite
particles i.e. an electron and a positron (antielectron).
Since the electron has a mass of 9.1 x 1073 kg, and the
positron has the same negative mass; therefore, as a
whole, the mass of the photon appears to be zero. Just as
an atom is quasi-neutral (charged but on the whole
neutral), so is a photon. It can be said to have a quasi-
mass.

As a matter of fact, it is now being considered
that the speed of light is not the limit of the speeds of the
universe after all. The neutrinos in dark matter travel at
speeds greater than the speed of light (Aquino, 2014).
Moreover, the hypothetical existence of tachyons and the
practical production of Cherenkov radiations also violate
the speed limit. Hence, we shall consider various speeds,
all of them greater than that of light, and observe the
influence these speeds have on our perception of time. In
other words, we shall explore the phenomenon of time
traveling supported by math.

General relativity holds this feature (local
motion at velocities less than the speed of light) as the
observer moves along a time-like path. However, the
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curvature of spacetime opens up the possibility of
distorting the global geometry to allow for so-called
"closed time-like curves", orbits that intersect in the past.
Finding solutions to Einstein's equations with closed
time-like curves is easy. As a simple example, take an
empty Minkowski space, identify each point in the space
at time t1 with the corresponding point at time t2, and
create a cylindrical spacetime in which stationary
particles move like a time loop. gain. Concepts of curves,
such as closed time in the real world, are difficult to
reconcile with our intuitive understanding of causality.
Perhaps we can find a global solution to general relativity
involving closed time-like curves. These are definitely
time machines. However, it may not be possible to build
such systems in local regions of the universe. Theorems
along these lines were proved by Frank Tipler in the
1970s. Tipler assumed that the energy density can never
be negative and showed that closed time-like curves can
never occur in local regions without producing
singularities. This was promising because he could have
expected both singularities and closed time-like curves to
be hidden behind the event horizon (not part of the
evidence).

Interest in time travel was revived a decade or so
ago with the discovery of a new space-time with a closed
time-like curve. Wormhole solutions discovered by
Michael Morris, Kip Thorne, Ulvi Urtzever, and J.
Richard Gott. The wormhole spacetime requires a
negative energy density, whereas the closed time-like
curve in the cosmic string spacetime does not originate
from a local region. model has spurred research into the
possibilities of time travel under more general conditions.

A. EINSTEIN

GENERAL THEORY OF RELATIVITY

Einstein presented it in 1916. Gravity is the
theme of general relativity. General relativity describes
large-scale physical phenomena, while gravity defines
macroscopic behavioural patterns. General relativity is
based on Einstein's principle of equivalence: it is
impossible to distinguish between physical effects caused
by gravity and those caused by acceleration at the
microscopic level. Gravity is regarded as a geometric
phenomenon caused by the curvature of space and time.
The solution of the field equations that describe general
relativity can provide answers to questions about
planetary dynamics, star birth and death, black holes, and
the evolution of the universe.

SPECIAL THEORY OF RELATIVITY

It was presented by Einstein in 1905 in one of
his famous papers. The theory of relativity is a theory that
deals with motion of objects close to speed of light and
even with super luminous motion (greater than speed of
light: c=3x10°m/sec). It turns out that Newton's second
law ceases to be correct as speeds of objects approach the
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speed of light; only Einstein’s relativistic mechanics are
applicable for such cases. We will use this theory in our
upcoming discussions.

METHOD

With the help of the following method, we can
find the extent of time traveling done in case a body
exceeds the speed of light. For this purpose, we shall use
Einstein's equations from the special theory of relativity.

Consider ‘t, ° as the rest or proper time. Then
consider ‘t” as the dilated time. Moreover ‘¢’ is the speed
of light while v’ is the velocity of the moving body. If
the negative sign with time is considered as a time in the
past (since time is an axis), exceptional results are
obtained. Similarly, a positive sign can be considered as
the future.
> For an object travelling at twice the speed of

light, the proper time will seem to be square root

three times in the past.

For v= 2c:
_t
t= "vz
1z
— to
t=
1—(2:2)2
- tO
t= 4c?
==
t=—2
1-4
- tO
==
t,=V=3t
> For an object travelling at thrice the speed of
light, we can go square root of 8 times in the past.
Forv=3c
to
t= =
(1-2)
to
t=
(Bo)?
(-5%)
—_to
t=Tao
=_bo
(-8)
t, =V—8t
> For four times the speed of light, the proper time

will seem to be square root of 15 times in the past.
For 4c:

t=—2
(1;’2—3)
t=—2
(1;’2—;)
= o
t (1;1?52)
t=—=

-— tO
t= V=15
t,=v—15¢
For five times the speed of light, we can go
square root of 24 times in the past, with respect
to the proper time.
For 5c:
t=—2
(%)
to
t=
()
to
t=
(F)
t=—2
~ Ja-25
—_— tO
==
t, = (—24)t
> For ten times the speed of light, we can go
square root of 99 times in the past, with respect to the
proper time.
For 10c:
__to
t = 2
(-%)
to
t=
(o)
to
t=
(1_1000;2)
— tD
t= (1-100)
t=—°
-99
to = /(=99 ¢t
> Ultimately, for infinite speeds, time becomes
zero, as shown below:
t = —2
2
(1-%)
t=——2
(-%)
t = —2
(1-2)
__to
t=To=
- tO
Y =
t =2
()i
t =2
[eoly 2
t =0

RESULT

The above mathematics has already proven that
time travelling is not only possible but also predictable.
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Let the coefficient of the speed of light be ‘n’. Then, in
accordance with the above discussion:

to, =@ =12t
where the factor of “./(1 —n2)” is a constant quantity
for a particular speed called “Moaaz constant”.

If we only consider the magnitude (ignore the
negative sign), then we will achieve a range of time
travelling. As time is an axis, therefore in the example in
which an object moves at twice the speed of light, the
result shows that we may move either 3 times in the
future or even anywhere in between these two extremes
on the time axis. But to attain any value beyond this
range will not be possible at this speed.

DISCUSSION

Thus, it can be concluded that different speeds
that cross the limit assigned by Einstein, allow one to
travel in different eras of past, present and future.

To simplify the above discussion, a generalized
formula has been derived:

to= (1 —n2)t

The above discussion may be supported by the
fact that we, knowingly or unknowingly, observe time
dilation in our routine lives, the biggest example of which
is the Global Positioning System (GPS). The 77 satellites
(of which only 31 are in orbit around earth) have a speed
of about 3.9 kilometers per second and can go around the
earth twice a day. The result is that the time on these
satellites and the time on earth differ by about 38
microseconds which is corrected by highly accurate
atomic clocks. If left unchecked, these can cause
navigational errors of about 11.4 kilometers per day.
(Gift, 2020). Thus, time dilation is indeed a real effect
and affects our lives to a great extent.

This can be explained by the “twin paradox”,
which is a thought experiment (Dray, 1990). According
to this experiment, one of the two twins are sent onto a
spaceship travelling at or near the speed of light. Upon
returning, the twins compare themselves with each other
and come to know that the one who has travelled on the
spaceship is younger than the other one. Moreover, the
twin from space is bulkier and shorter than before as
well. These observations can only be explained by the
special theory of relativity. For the twin on the spaceship,
travelling at speed of light caused time dilation, length
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contraction and mass variation simultaneously. Thus,
time dilation also slows down the aging process in
humans, which further supports the fact that this is a real
phenomenon.

Today, some physicists believe that wormholes,
predicted by the Einstein field equations, may be the
source of traveling forward in time. Teleportation and
time traveling might be possible through these
wormholes (Al-Khalili, 2011).

In addition, it has been widely believed for a
long time that black holes might just turn out to be time
machines (Novikov, 2016). In fact, the gravity of a black
hole is so strong and so intense that nothing, including
light, can escape from it (except Hawking radiations, as
were discovered by Stephen Hawking in the year 1974).
Even time is bent near a black hole. This is due to the
extreme curvature of the space-time fabric around a black
hole (Thorne, 1995).

As mentioned above, Stephen Hawking (1974)
discovered Hawking radiations (Hawking, 1988).
According to him, a black hole has the ability enough to
emit thermal radiation from its event horizon. He called
this ‘positive energy’, which leaks out from a black hole.
But to conserve energy, there must be a ‘negative energy’
that flows into the black hole simultaneously. Similarly,
if positive energy is engulfed by a black hole that
increases its mass, then negative energy is emitted that
decreases the mass of the black hole. This obeys the law
of conservation of energy (Almheiri et al., 2021).

This phenomenon can be applied to the above
discussion. In order to conserve the total matter and
energy of the universe, only positive energy of a body
can travel to the future whereas if a body travels back in
time, only its negative energy will be able to do so.
Shortly, the same body may coexist in the past with its
younger version, or it may coexist in the future with its
older version, without violating the laws of conservation
of matter or energy. This also solves the problem that
during time travel, if a body goes into the past, there will
be two of them at the same time. As for the conservation
of mass, it is already evident that we have both matter
and antimatter in the universe. For every single particle,
there exists an antiparticle. Hence, matter, on the whole
remains constant. Moreover, a body wishing to travel
across time changes into energy as soon as it approaches
the speed of light; therefore, only energy can undergo
time travel.



Pakistan Journal of Science (Vol. 74 No. 2 June, 2022)

NO. SPEED (v) EFFECT ON TIME RANGE OF TIME
TRAVEL POSSIBLE

1. 2cC Square root of 3 times in the past t,=v=3t

2. 3c Square root of 8 times in the past t, =V—8t

3. 4c Square root of 15 times in the past t,=v—15¢

4. 5¢c Square root of 24 times in the past t, = J(—24)t

5. 10c Square root of 99 times in the past ty= /(=99 t

6. © Time becomes zero t =0

Conclusion: To put it precisely, the generalized formula
gives an explanation of the duration of time in control of
a body if it travels at a speed greater than that of light.
The mathematics even shows that if, hypothetically, a
body does reach an infinite speed, then time for that body
becomes zero. Thus, it becomes timeless. This
timelessness brings it out of the influence of the time
axis, and such a body can then truly coexist in the past,
present and future.
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