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ABSTRACT

Time travel is an exciting topic that has moved from science fiction
into serious physics research. This paper explores the two main ways
time travel is possible: travelling to the future using the effects of
speed and gravity (time dilation), and the more challenging concept
of travelling to the past using shortcuts in space-time, like
wormholes. We examine the famous paradoxes that arise from
moving backwards in time and discuss why physicists believe a "time
machine" is impossible to build. Our review confirms that while math
allows for time loops, the laws of physics, especially the need for
exotic matter and the Chronology Protection Conjecture, seem to

prevent these loops from actually forming.
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I. INTRODUCTION

The concept of time travel has, for many centuries,
enthralled minds and appeared in stories and big
questions. The whole notion of time travel, in simple
form, is actually travel through time in ways other
than the norm.

The Newtonian conception introduced time as linear
and deterministic; however, in physics nowadays,
time is no longer a straight line but an attribute
connected with space to make the dynamic space-
time continuum [1]. It explains how space and time
should collaborate to achieve reality. Albert
Einstein’s work made clear to us that time is not
always constant; it could go fast or slow depending
on your moving speed or the intensity of gravity
pulling you [2]. This phenomenon, known as time
dilation, although the only examined and proven way
to travel through time, allows only the motion
forward [3]. However, for the motion in the opposite
direction, extreme modifications are supposed to be
done within the shape of space-time, which forms
great obstacles in the form of logical and physical
barriers. Thus, this paper will revise the principal
theories about time travel and explain why the
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universe has possibly established rules to prevent the
creation of any time machine.

Then, it is almost impossible.

II. TRAVELING TO THE FUTURE: TIME
DILATION

The most definite form of time travel is forward,

based on the effect of relativity. Time dilation is

merely accelerating this process to reach a certain

point faster.

A. Time and Speed

The general concept under the Special Theory of
Relativity, as proposed by Einstein, stipulates that
time elapses at a slower rate in an object in fast
motion relative to a stationary observer. For instance,
the clocks of astronauts in the International Space
Station run more slowly than the clocks here on Earth
[5]. This time dilation effect shows that if one were to
travel at very close-to-the-speed-of-light velocities, he
will experience a much shorter time than observers on
Earth, effectively leaping into the future [6].

B. Time and Gravity
Einstein's General Theory of Relativity also reveals
that very strong gravity, due to the space-time
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continuum acting as a sheet with a heavy ball in the
middle, slows time as well.

Time runs slower near a massive object, such as a
black hole, compared to time far away from the
massive object.

Sun Neutron star Black hole
:__

\

A gravitational physicist, Stephen Hawking, proposed
the Chronology Protection Conjecture (CPC) in 1992
[18]. This conjecture states that the universe has a
natural mechanism, a "Chronology Protection
Agency" [19] that prevents time machines from
forming and thus prevents time paradoxes. Hawking
suggested that at the moment a wormhole is about to
turn into a time machine, natural quantum energy
fluctuations, like random light waves, would become
so strong they would destroy the device or collapse
the wormhole before the time loop could form [20].
Making the universe "safe for historians." Being a
conjecture, this is yet to be proved, but is mentioned
for our purpose.

III. TRAVELLING TO THE PAST: SPACE
TIME SHORTCUTS

The concept of travelling to the past, when boiled

down to its essence, is basically the search for a

mathematical escape clause in space-time that forms a

route backwards to an earlier instant. It is found that

travelling to the past is a harder concept.

A. Closed Timelike Curves (CTCs)

The math of General Relativity permits, in theory, the
existence of Closed Timelike Curves (CTCs), or the
world lines which form loops back to their starting
point in space and time [8]. The first scientist who
mathematically proved that CTCs are possible was
Kurt Godel in 1949; however, his model of the
universe was unrealistic [9]. His idea was that of a
rotating universe in which there would, by nature,
exist CTCs.

The theoretical possibility of time travel into the past
depends on the existence of exotic spacetimes without

time like singularities, whereas the appearance of
singularities seems almost inevitable in any realistic
solution of the general theory of relativity. That is
why any past-time travel probably requires a violation
of the standard laws of physics, and that is why
models very often suggest wormholes that, by this
construction, are excluded from these restrictions.
These, however, occur only occasionally, where the
Hawking conjecture earlier turns out to be disproven.

B. Wormbholes as Time Machines

The more feasible concepts for the creation of a CTC
include a wormbhole, a theoretical tunnel that connects
two points in space-time far apart from each other
[10]. A wormhole in itself is based on the Einstein-
Rosen bridge, which is a theoretical tunnel connecting
two separate regions. Matter does not travel through
spaces, but lets it through. The theory of wormholes
is permitted by General Relativity; however, the
actual physical existence and stability of wormholes
remain highly unlikely.

Even this hypothized wormhole collapses
immediately, and they are not traversable, hence
making it realistically impossible. To prevent a
wormhole from immediately collapsing under its own
gravity, its throat would require matter with negative
energy density that pushes space time outward instead
of pulling it, often referred to as exotic matter. These
have never been observed in usable amounts. This
requirement directly challenges the Weak Energy
Condition, a fundamental assumption in physics
stating that energy density must be non-negative.
Though some quantum phenomena are theorised to
locally violate the WEC, meaning being except by the
laws, it is an immense mystery whether this effect can
be controlled and sustained on the massive scale
needed for a traversable wormhole.
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The problem with wormholes is so deeply entangled
with the unsolved puzzles of physics, such as the
issue of not being an object but a solution to
Einstein's equation. Formulation of a unified theory
of quantum gravity is incomplete as it sits between
quantum mechanics (the study of small things) and
general relativity (the study of big things).

The second one becomes a huge barrier in
understanding the Cosmic Censorship Hypothesis,
which says no singularity will ever be visible to the
naked eye, as in a singularity, density becomes
infinite, the spacetime curve explodes, and all laws of
physics fail. In other words, the universe becomes
lawless, quite unpredictably mathematical. It is hence
conjectured that they remain hidden and also never
present an opportunity for us to view any actual
traversable wormhole.

We can say wormholes are effective passage ways,
since Physicists Morris and Thorne showed that if
you move one end of a wormhole at high speed, the
time difference created by dilation converts the
wormhole into a time machine that can be used to
travel to the past [11].

C. The Exotic Matter Problem

The greatest physical problem inherent to the concept
of a wormhole is that they would immediately
collapse unless they are held open by "exotic matter"
[12]. This is a matter with negative energy density.
As will be established, it is a kind of anti-gravity that
curves spacetime outward. While negative energy is
possible in quantum theory, as in the Casimir effect
[13], keeping enough of it to hold a wormhole open
is, under most conditions, believed to be impossible
[14].

The coming into being of a large amount of exotic
matter breaks every single physical law about energy,
as they are usually supposed to ensure time moves
linearly, gravity behaves predictably, etc., which is
exactly what we try to challenge. Exotic matter, even

in quantum amounts, exists barely, while we would
need more for a wormhole than what is present in the
known universe.

IV.  PARADOXES AND THE LAW OF THE
UNIVERSE

Backward time travel involves logical fallacies, and it
has encouraged physicists to suggest that the universe
prevents such 'problems'. The major conceptual
problem in time travel lies in the causality paradoxes,
especially the grandfather paradox, in which changed
conditions in the past prevent one's own existence.

To avoid these inconsistencies, several suggestions
have been put forward that the timeline splits every
time, which only means changes populate a new
history. This concept, often treated as a rule in
science fiction media, such as the Marvel Studios
Loki series, finds a physical mechanism in the many-
worlds interpretation of standard quantum mechanics.

The paper describes something he calls the concept of
entangled timelines, or E-CTCs for short. The basic
premise is that whenever a time machine travels
through time, it instantly becomes quantum-entangled
with its surroundings, meaning they are now so
deeply connected that anything that happens to one
instantly affects the other, no matter how large the
distance between them. This entanglement then
suddenly spreads to other parts of the universe until
reality itself splits up into several self-consistent
timelines-a process also known as branching. Each
timeline then resolves any paradox on its own. This
way, time could be travelled without violating the
laws of physics, similar to the earlier explanation via
the Deutsch model.

A. The Causal Paradox

Probably the most famous logical problem is the
Grandfather Paradox: if you travel back and prevent
your own grandfather from meeting your
grandmother, you could not exist to make the trip,
which is a contradiction. To handle these problems,
physicist Igor Novikov developed the Self-
Consistency Principle. This proposes that any events
occurring through the activity of a time traveller have
already occurred and are thus consistent with the
events that initially resulted in the circumstances the
time traveller came from; a traveller could thus never
cause a paradox, in that his actions would be part of
what already had happened.

B. Chronology Protection

Time travel remains one of the most exciting
theoretical challenges of physics. We have
established that travel into the future is a reality,
evident through the principles of relativity. In
contrast, travel into the past, while mathematically
allowed through concepts like Closed
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Timelike Curves and Wormholes seem to be
physically impossible. The requirement of unstable
exotic matter and the strong theoretical arguments
from the Chronology Protection Conjecture are
indicative that the universe has robust safeguards
against the creation of paradoxes and hence time
travel.

Future research will probably be directed to the
quantum limits of negative energy and whether the
self-consistency of the universe is a physical law or
only a strong probability.

V. PHILOSOPHICAL IMPLICATIONS
Time travel, from the outset, has challenged the very
fundamentals of physics in the same way it has
challenged some of the deep-seated assumptions of
philosophy on causality, free will, and even the nature
of reality. If physical theories describe how time
travel could be possible, the question for philosophers
remains whether such travel can meaningfully exist at
all.

A. Causality and Free Will

Time travel raises the important question of cause and
effect. In ordinary experience, causes precede effects,
and the past cannot be altered. On the other hand, if
time travel were possible, this simple order would
certainly be challenged, which would question the
flow of life as we have come to know it.

That is to say, by the self-consistency principle of
Novikov, anything a time traveller does in the past
was already a part of history. Even if one goes back in
time, one cannot change events in such a way that
would introduce inconsistencies into the world or
alter one's present. Everything that he does plays out
the part of what has happened. Which makes this
concept of free will partial and not absolute, since
free will is exercised but only within certain limits. A
person might make a choice, but those choices cannot
change fixed events. In this regard, the universe
allows events to take place but inhibits paradoxes,
ensuring logical consistency along the timeline.

B. Reality and Human Understanding

Time, in most modern physical thinking, is no more
than a dimension comparable to space. In such
conceptions, the past, present, and future are all
relatively real and exist together in a block universe:
Time never really "flows" but merely points to
different experiences of observers. Call change an
illusion of human perception.

If this is so, then time travel does not involve a
change in history but rather a change of position
within spacetime. Events would already be set, and
the human experience would be to observe them, not
attempt to reshape them. In essence, it would be like

the whole universe was laid out, and we just jump
points, making paradoxes irrelevant and self-
consistency possible.

The block theory, or eternalism, reconceptualises the
past as something that ever was changeable in the
first place. So many stories and movies have been
built on ideas of time travel to dispute the ideas of
fate, choice, and responsibility. Although these are
merely stories, they show a glimpse into some very
real scientific and philosophical questions about
whether the future is fixed and how much free will
humans really have over their actions.

VI. REPRESENTATION OF TIME TRAVEL
IN POP CULTURE

The media often acts as the bridge between academia
and entertainment when it comes to sci-fi. Books and
movies raise a generation with curiosity for the
workings of the world around them. Time travel,
specifically, has been highly influential in fictional
theology, as they help us understand the emotional
and moral constraints that come with time travel.
Interstellar is a common example of relevance, as it
also helps society create meaning with thought
experiments, such as whether destiny is real or if
knowledge of the future eliminates choice.

A strong example is the Marvel Studios show "Loki,
which introduces the concept of branching timelines
or the existence of a primary universe and its variants.
That eerily resembles most interpretations of worlds.
This show also presents a system of governance that
maintains order in time, which again closely reflects
scientific discourse related to chronology protection-
the necessity of avoiding paradoxes. In contrast, the
children's cartoon "Doreamon" reflects a more naive
and instinctive view of time-travelling. For instance,
its main characters repeatedly travel back into their
historical past with gadgets, but generally make no
difference in major outcomes. Alternatively, their
interference becomes part of the events that had
always occurred. This closely resembles the self-
consistency principle, according to which any events
that occur through the agency of a time traveller must
be consistent with the events that actually do occur.

VII. OPEN QUESTIONS

Despite impressive theoretical advances, many
fundamental questions about time and causality
remain unaddressed. There exists, yet, no clear
evidence as to whether time travel is physically
possible or forbidden by the laws of nature. Since we
still do not have a complete theory that combines
quantum mechanics and general relativity, the regime
of very strong curvature remains largely beyond our
understanding. Moreover, open questions are the
nature of causality and free will. In the case of time
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travel, it would remain indistinct whether the events
could be modified or all acts would become self-
consistent in a fixed timeline. Furthermore, the
above-mentioned role of consciousness and
observation regarding the setting of physical
outcomes has not decided yet. These questions, until
now unaddressed, speak loudly about the limitations
of current scientific knowledge, and they herald an
urgent call for a deeper theoretical framework with
which to understand fully the nature of time-and if,
indeed, we should mess with it at all.

VIII. CONCLUSION

It discussed time travel through scientific,
philosophical, and theoretical aspects. By considering
ideas such as time dilation, closed timelike curves,
and causality, it eventually put forward both the
possibilities and limitations of current physical
theories. While the latest physics allows for
mathematical models of time travel, practical and
experimental constraints make its realisation highly
uncertain. The discussion has shown how questions of
free will and causality remain unresolved. Overall,
the study of time travel helps deepen the insight into
time itself and presents the limits of the present
scientific knowledge.
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