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ABSTRACT

Wormholes could potentially be a method of transport utilised by an advanced civilization if the laws of physics
were to allow. In this article we delve into what makes a wormhole and the various types of them and as to
whether humanity would ever be able attain them.

Introduction

Wormholes are often considered an unattainable aspect of science fiction literature due to their violation of the
null energy condition. The premise of a wormhole arose in 1915 alongside Einstein’s general theory of relativ-
ity. With objects being able to stretch and warp space-time, if the flat sheet of space-time was bent in the right
way, a wormhole could connect two very distant points in the universe. Evidently, problems arise from this,
due to one being able to travel distances faster than the speed of light. Therefore, the majority of the research
on this topic is theoretical.
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Figure 1. Different objects shown warping space-time.

Einstein-Rosen Bridges

ISSN: 2167-1907 www.JSR.org/hs 1



HIGH SCHOOL EDITION

@ Journal of Student Research

Volume 12 Issue 4 (2023)

The first kind of wormholes to be theorized were Einstein-Rosen Bridges. With this model, it is believed that
the singularity at the centre of a black hole isn’t actually a singularity, but in fact a thoroughfare to an infinite
parallel universe. With each observed black hole, there would be a universe formed simultaneously along with
it. Accordingly, our “own universe may be the interior of a black hole existing inside another universe”. Another
possibility is that the other side of the event horizon would look akin to our universe, however, time would be
running backwards. Due to this, objects would be spewed out of the other end of the wormhole through a
phenomenon known as a white hole. Unfortunately, these wormholes cannot be traversed under any circum-
stances as it would take an infinite amount of time to cross over to the other universe and the wormhole squeezes
shut in the middle. If attempted to be crossed, a human would certainly not become the matter being spat out of
the other side, but would only die. Therefore, to find a traversable wormhole, we would need a different model.

String Theory Wormholes

If string theory, or one of its variations, correctly describes our universe, then we may fortunately have countless
wormbholes already lurking around the universe, waiting to be discovered. Cosmic strings, first theorised by
Tom W. B. Kibble in 1976, are objects that may have formed in the early universe. These cosmic strings would
have been threaded through traversable wormholes created at the Planck Length scale. During the very first
instants of the big bang, the ends of these cosmic strings and by extension, wormholes, would have been pulled
light years apart, scattering them throughout the universe. This would mean that a wormhole could be closer
than we realise. However, string theory is yet to predict any experiments and remains predominantly theoretical.

Figure 3. Simulation of a cosmic string network. Long strings are represented in yellow and cosmic string loops
are shown in red.

Due to wormholes and black holes looking extremely similar when observed theoretically, many phys-
icists have been led to believe that supermassive black holes, such as Sagittarius A* at the centre of the milky
way, are actually wormbholes. It would obviously be extremely difficult to travel that distance to find out, but
we could also try and create man-made wormholes. For these to be useful, there are a few properties we would
want a wormhole to have. It would need to connect two distant points in space-time, not contain an event
horizon, preventing two-way travel, and it would have to be sufficiently large so it would not kill any human
travellers. The greatest problem would actually be keeping the wormhole open. This is due to gravity trying to
pinch the wormhole closed, cutting the bridge and leaving only two black holes at either end. Therefore, no
matter what type of wormhole we have, the wormhole will try to close unless it has something propping it open.
With string theory wormholes, the cosmic string fulfils this role, however, when considering man-made worm-
holes, we would need a different substance, one theorised but not found yet.
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Figure 2. Example of a wormhole being propped open by a cosmic string.

Exotic matter is a substance that has properties unlike anything found on earth. One such property that
would be useful is a substance with negative mass. Positive mass, making up everything we know of in the
universe, is attractive because of gravity. However, negative mass would be gravitationally repulsive and there-
fore be able to prop open our wormholes. We are already able to manipulate quantum fluctuations in empty
space, which are constantly creating pairs of particles and antiparticles that are annihilated an instant later. The
vacuum of space is simmering with these occurrences and an effect similar to the negative mass we are search-
ing for can already be produced.

Figure 3: The Janus model, where positive mass would create a well in space-time, and negative mass would
create a hill.

Conclusion

Wormholes however have an integral problem tied to their very nature. As mentioned in the introduction. By
violating the null energy condition and travelling distances faster than the speed of light, the universe and laws
of physics are broken, potentially creating time travel paradoxes and violating the causal structure of our uni-
verse. Hence, many scientists think that not only does this make wormholes impossible to make, it is also
impossible for any naturally occurring wormholes to exist at all. Therefore, for the time-being, wormholes can
only exist on paper in the form of equations.

References

Morris, M.S., Thorne, K.S. and Yurtsever, U. (1988) Wormholes, Time Machines, and the weak energy
condition, CaltechAUTHORS. American Physical Society. Available at:
https://authors.library.caltech.edu/9262/ (Accessed: January 21, 2023).

ISSN: 2167-1907 www.JSR.org/hs 3



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 12 Issue 4 (2023)

Torii, T. and Shinkai, H.-aki (2013) “Wormbholes in higher dimensional space-time: Exact solutions and their
linear stability analysis,” Physical Review D, 88(6). Available at:
https://doi.org/10.1103/physrevd.88.064027.

Ford, Lawrence H., and Thomas A. Roman. “Negative Energy, Wormholes and Warp Drive.” Scientific
American, vol. 282, no. 1, 2000, pp. 46-53. JSTOR, http://www jstor.org/stable/26058563. Accessed
28 Jan. 2023.

Maldacena, J. and Milekhin, A. (2021) “Humanly traversable wormholes,” Physical Review D, 103(6).
Available at: https://doi.org/10.1103/physrevd.103.066007.

Foster, B.Z. (2021) Wormhole tunnels in spacetime may be possible, new research suggests, Scientific
American. Scientific American. Available at: https://www.scientificamerican.com/article/wormhole-
tunnels-in-spacetime-may-be-possible-new-research-
suggests/#:~:text=First%2C%20it%20turns%20out%?20that,researchers%20call%20*“exotic” %20matte
1 (Accessed: January 27, 2023).

Lubos Motl (https://physics.stackexchange.com/users/1236/lubo%c5%al-motl), Significances of energy
conditions, URL (version: 2011-02-02): https://physics.stackexchange.com/q/4439

Wolpert, S. (2019) Einstein's general relativity theory is questioned but still stands 'for now,' team reports,
UCLA. UCLA. Available at: https://newsroom.ucla.edu/releases/einstein-general-relativity-theory-
questioned-
ghez#:~:text=Einstein%27s%201915%20general %20theory%20of,the%20Earth%20change%20this%
20geometry. (Accessed: January 29, 2023).

Poptawski, N.J. (2010) “Radial motion into an Einstein—Rosen Bridge,” Physics Letters B, 687(2-3), pp. 110-
113. Available at: https://doi.org/10.1016/j.physletb.2010.03.029.

Ph.D., M.T. (2020) The physics of wormholes, Medium. The Startup. Available at:
https://medium.com/swlh/the-physics-of-wormholes-654facefd2ea (Accessed: January 30, 2023).

Martin-Dussaud, P. and Rovelli, C. (2019) “Evaporating black-to-white hole,” Classical and Quantum
Gravity, 36(24), p. 245002. Available at: https://doi.org/10.1088/1361-6382/ab5097.

Paul Sutter - May 18, 2022 10:30 am U.T.C. (2022) How to build a wormhole in just 3 (nearly impossible)
steps, Ars Technica. Available at: https://arstechnica.com/science/2022/05/how-to-build-a-wormhole-
in-just-3-nearly-impossible-steps/4/ (Accessed: January 27, 2023).

Arkani-Hamed, N., Orgera, J. and Polchinski, J. (2007) “Euclidean wormholes in String theory,” Journal of
High Energy Physics, 2007(12), pp. 018-018. Available at: https://doi.org/10.1088/1126-
6708/2007/12/018.

Copeland, E.J. and Kibble, T.W. (2010) “Cosmic Strings and superstrings,” Proceedings of the Royal Society
A: Mathematical, Physical and Engineering Sciences, 466(2115), pp. 623—657. Available at:
https://doi.org/10.1098/rspa.2009.0591.

Aasi, J. et al. (2014) “Constraints on cosmic strings from the LIGO-virgo gravitational-wave detectors,”
Physical Review Letters, 112(13). Available at: https://doi.org/10.1103/physrevlett.112.131101.

Beall, A. (2022) Is there a wormhole hiding at the centre of the milky way?, BBC Science Focus Magazine.
BBC Science Focus Magazine. Available at: https://www.sciencefocus.com/news/is-there-a-
wormhole-hiding-at-the-centre-of-the-milky-way/ (Accessed: January 30, 2023).

Tripathi, A. et al. (2020) “Search for traversable wormholes in active galactic nuclei using X-ray data,”
Physical Review D, 101(6). Available at: https://doi.org/10.1103/physrevd.101.064030.

Overbye, D. (2022) Physicists create 'the smallest, Crummiest Wormhole you can imagine', The New York
Times. The New York Times. Available at: https://www.nytimes.com/2022/11/30/science/physics-
wormhole-quantum-computer.html (Accessed: January 31, 2023).

Petit, J.-P. (2005) Negative mass in general relativity, Janus cosmology: what is negative mass? Available at:
https://januscosmologicalmodel.com/negativemass (Accessed: January 31, 2023).

ISSN: 2167-1907 www.JSR.org/hs 4


http://www.jstor.org/stable/26058563.%20Accessed%2028%20Jan.%202023
http://www.jstor.org/stable/26058563.%20Accessed%2028%20Jan.%202023
https://physics.stackexchange.com/users/1236/lubo%c5%a1-motl
https://physics.stackexchange.com/q/4439

HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 12 Issue 4 (2023)

Lyons, A. and Hawking, S.W. (1991) “Wormbholes in string theory,” Physical Review D, 44(12), pp. 3802—
3818. Available at: https://doi.org/10.1103/physrevd.44.3802.

Hawking, S.W. (1988) “Wormbholes in spacetime,” Physical Review D, 37(4), pp. 904-910. Available at:
https://doi.org/10.1103/physrevd.37.904.

Preskill, J. (1993) “Wormholes in spacetime and the constants of nature,” Euclidean Quantum Gravity, pp.
442-487. Available at: https://doi.org/10.1142/9789814539395_0028.

Neil deGrasse Tyson Explains Wormholes (2020) YouTube. YouTube. Available at:
https://www.youtube.com/watch?v=1fFrpBJDMIJo (Accessed: January 22, 2023).

Rubakov, V.A. (2014) “The null energy condition and its violation,” Physics-Uspekhi, 57(2), pp. 128-142.
Available at: https://doi.org/10.3367/ufne.0184.201402b.0137.

ISSN: 2167-1907 www.JSR.org/hs 5





