
JOURNAL OF ENGINEERING RESEARCH AND REVIEWS
2024; 1(1): 1-14.
10.5455/JERR.20240604120507

Contact Mostafa Essam Eissa  mostafaessameissa@yahoo.com  Independent Researcher and Freelance Consultant, Cairo, Egypt.

© The Author(s) 2024. Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License (CC BY).  
http://creativecommons.org/licenses/by/4.0/.

ARTICLE HISTORY
Received June 04, 2024
Accepted June 15, 2024
Published July 05, 2024

KEYWORDS
Asymmetric electrostatic 
pressure; biefeld-brown 
effect; conservation of 
momentum; emDrive; 
microthrust; propellantless 
propulsion; quantum 
vacuum

ABSTRACT

For decades, the dream of unfettered space travel, free from the constraints of tradi-
tional chemical rockets, has captivated humanity’s imagination. The realization of an 
interstellar-faring civilization hinges on breakthroughs in space propulsion that tran-
scend the limitations imposed by current chemical rocket technology. Scientists explore 
the intriguing realm of propellantless propulsion, a futuristic vision for space explora-
tion that transcends the limitations of conventional propulsion. The article explores the 
historical roots of this field, including controversial concepts like the EmDrive and the 
Biefeld-Brown effect. It further examines theoretical frameworks encompassing asym-
metric electrostatic pressure generation and even spacetime warping. However, the 
quest for reactionless motion faces a fundamental hurdle—the law of conservation of 
momentum.  Efforts to circumvent this law involve manipulating the enigmatic quan-
tum vacuum or creating asymmetric thrust generation within the spacecraft itself. While 
challenges like precise microthrust measurement, immense energy demands, and mate-
rial limitations persist, the potential rewards are truly transformative. Interplanetary 
voyages completed in significantly shorter timeframes and drastically reduced launch 
costs could be attained. Propellantless drives hold the potential to overcome numerous 
obstacles that current chemical propulsion cannot. This article underscores the critical 
need for continued exploration through rigorous experimental verification, the devel-
opment of robust theoretical frameworks, and collaborative efforts between physicists, 
engineers, and materials scientists. This continued exploration necessitates the exploita-
tion of existing high-efficiency solar collection technologies. Furthermore, investigations 
into innovative approaches, such as those utilizing metamaterials, could be pivotal in 
unlocking the transformative potential of propellantless propulsion systems. 
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Introduction

For centuries, the human spirit has yearned to 
transcend the celestial boundaries, unconstrained 
by the limitations imposed by conventional rocket 
propulsion (Fig. 1). This brief review article exam-
ines the possibilities of the captivating realm of 
propellantless propulsion technologies, exploring 
theoretical frameworks that hold the potential to 
revolutionize space travel. It will be desirable to 
undertake a diachronic investigation (investigation 
across time) of these ideas, tracing their intellectual 
origins and dissecting their underlying scientific 
principles. The conceptual seeds of propellantless 

propulsion were sown in the fertile ground of early 
spaceflight theory. During the late 19th and early 
20th centuries, visionary minds like Konstantin 
Tsiolkovsky and Eugen Sänger began to explore the 
potential of utilizing celestial phenomena for space-
craft propulsion [1–13].

Dreaming of etheric winds: a historical 
perspective on propellantless drives

Tsiolkovsky, a pioneering Russian rocket scien-
tist, envisioned a “light pressure” sail (sometimes 
referred to as a solar sail) that could harness the 
momentum of photons from sunlight particles. 
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Sänger, a brilliant Austrian engineer, theorized 
about manipulating the electromagnetic interac-
tion between a spacecraft and the Earth’s mag-
netic field for maneuvering purposes. These early 
theoretical constructs laid the groundwork for the 
emergence of more controversial concepts in the 
mid-20th century. The Biefeld-Brown effect, named 
after its discoverers Thomas Townsend Brown and 
Pauley Biefeld, posited that applying a high voltage 
to an asymmetric capacitor could generate thrust 
[14–20]. However, replicating these claims consis-
tently has proven elusive, and the underlying phys-
ical mechanisms remain shrouded in uncertainty. 
Table 1 lists the historical timeline of the emerging 
concepts of propellantless ideas with their underly-
ing principles and current status [21–25].

The latter half of the 20th century saw the rise 
of electromagnetic propellantless drives. These 
concepts propose generating thrust by manipulat-
ing electromagnetic fields within a spacecraft. One 
such example is the EmDrive, invented by British 
engineer Roger Shawyer. The EmDrive is a closed 
resonant cavity thruster that supposedly generates 
thrust through interactions with virtual particles 
within the vacuum. However, multiple attempts to 
replicate EmDrive results haven’t been successful, 
raising doubts about its efficacy. The quest for pro-
pellantless propulsion has also ventured into the 

realm of highly theoretical physics. Concepts like 
warp drives and wormholes propose manipulat-
ing spacetime itself for faster-than-light travel. The 
Alcubierre drive, a theoretical warp drive concept, 
requires manipulating negative energy densities, 
which are currently beyond our technological grasp 
[26–33]. While these more fringe concepts might 
seem like science fiction, they highlight the ongoing 
exploration of unconventional approaches to space 
travel which could open the gates for deep space 
exploration by human civilization (Fig. 1).

A call for continued exploration

Recently, there was an article discussing a pro-
pellantless propulsion drive invented by Dr. 
Charles Buhler and his team at Exodus Propulsion 
Technologies. The drive is based on the concept of 
asymmetric electrostatic pressure. Buhler believes 
this drive could revolutionize spaceflight by making 
space travel cheaper and missions farther reaching. 
The concept is based on the idea that electric fields 
alone can generate a sustainable force onto an 
object and allow it to move without expelling mass. 
This would be a major breakthrough in space travel, 
as it would allow spacecraft to travel much farther 
and faster than is currently possible. However, it is 
important to note that propellantless propulsion 

Figure 1. Conventional rocket and space shuttle schematic outline diagrams.

https://www.scopub.com/jmrr/


www.wisdomgale.com/jerr/	 3

Journal of Engineering Research and Reviews.2024; 1(1): 1-14.

drives are still theoretical, and there is no scientific 
consensus on whether they are actually possible. 
Some experts believe that the laws of physics make 
it impossible to create a propellantless propulsion 
drive. Nevertheless, there is an urgent need for inde-
pendent verification or published research papers 
on this technology. These extraordinary claims 
require extraordinary evidence. It is important to 
distinguish between propellantless and reaction-
less drives. Propellantless drives might use exter-
nal energy sources but would not expel propellant. 
Reactionless drives, however, violate the law of 
conservation of momentum and are generally con-
sidered impossible [11,34–37]. Dr. Buhler’s drive 
seems to fall under the propellantless category, but 
again, independent verification is needed.

The laws of physics and the quest for 
reactionless motion

One of the significant challenges facing propel-
lantless propulsion lies in the fundamental laws 
of physics, particularly the law of conservation of 
momentum. This law states that the total momen-
tum in an isolated system remains constant. In 
simpler terms, for every action, there must be an 
equal and opposite reaction. Traditional rocket pro-
pulsion functions by expelling propellant at high 
velocity out of the back of the engine. This reaction 
generates thrust in the opposite direction, propel-
ling the spacecraft forward. Propellantless drives, 
on the other hand, seek to generate thrust without 
expelling any mass. Here is where the controversy 
arises. Some argue that propellantless drives inher-
ently violate the law of conservation of momentum. 
However, there are nuances to consider. Table 2 

shows the practical challenges that face propellant-
less drives [1,11,38–47].

One argument suggests that propellantless 
drives might interact with the quantum vacuum, the 
theorized sea of subatomic particles that permeates 
all of space. By manipulating the virtual particles 
within the vacuum, a net force could be generated 
on the spacecraft. However, the energy required to 
significantly influence the quantum vacuum is cur-
rently beyond the capabilities of the current tech-
nologies. Another approach involves creating an 
asymmetric effect within the spacecraft itself. For 
instance, uneven distribution of electrostatic pres-
sure or modulated microwave cavities could poten-
tially generate a small thrust. However, demonstrat-
ing sufficient and measurable thrust using these 
methods remains a significant hurdle. However, 
there are major technical challenges. Verifying the 
thrust generation is one big obstacle because accu-
rately measuring the minuscule thrust generated by 
propellantless drives is a significant challenge [48–
56]. Moreover, energy Requirements are another 
hurdle. Some propellantless drive concepts, like 
those interacting with the quantum vacuum, might 

Table 1. Historical timeline of propellantless propulsion concepts. 

Concept * Timeframe Proponents Underlying principle Current status

Light pressure sail Late 19th Century Konstantin Tsiolkovsky Momentum transfer from 
solar photons

Theoretical, undergoing 
research and development

Electromagnetic 
maneuvering

Early 20th Century Eugen Sänger Interaction with Earth’s 
magnetic field

Theoretical, not applicable for 
deep space travel

Biefeld-Brown Effect Mid-20th Century Thomas Townsend 
Brown, Pauley Biefeld

Asymmetrical electrostatic 
pressure generation

Unproven, lacks consistent 
replication

EmDrive Late 20th Century Roger Shawyer Interaction with virtual 
particles in the quantum 
vacuum

Unproven, replicated results 
lacking

Warp Drives & 
Wormholes

Late 20th Century 
and Beyond

Miguel Alcubierre 
et al.

Spacetime manipulation for 
faster-than-light travel

Highly theoretical, faces 
significant physical hurdles

* References [21-25]

Table 2. Challenges of propellantless drives. 

Challenge * Description

Verifying thrust 
generation

Difficulty in precisely measuring the 
small thrust forces produced by these 
drives.

Energy requirements
Some concepts might require immense 
amounts of energy that are beyond 
our current capabilities.

Reactionless versus 
propellantless

Avoiding violation of the law of 
conservation of momentum.

* References [38-47]
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require enormous amounts of energy that are cur-
rently unfeasible to generate (Fig. 2).

Theoretical frameworks: exploring the frontiers 
of physics

There are several theoretical frameworks that 
approach propellantless propulsion (Table 3) 
[57–63]. The theoretical physics and the concepts 
behind each could be explored along with the expla-
nation for the potential thrust generation mecha-
nisms. Notably, there are three prominent concepts 
(Fig. 2).

Electrostatic drives

Electrostatic drives propose generating thrust by 
manipulating electric fields within a spacecraft. 
One key concept revolves around asymmetric elec-
trostatic pressure. For simplification, this could 
be imagined as a spacecraft with a specific geom-
etry that creates an uneven distribution of elec-
tric charge. This asymmetry could, theoretically, 
push against the ambient environment (like the 
charged particles in space) and generate a small 
thrust in the opposite direction. Another approach 
within electrostatic drives involves spacetime 
warping. This highly theoretical concept suggests 
that intense electric fields could warp the fabric 
of spacetime itself, resulting in a propulsive effect 
[64–67]. However, the energy requirements for 
such warping are currently unimaginable and can-
not be attained by the current technology.

EmDrive and the Alcubierre drive

EmDrive, as mentioned earlier, is a controver-
sial concept that utilizes a closed resonant cavity 

thruster. The theory proposes that interactions with 
virtual particles within the vacuum cavity generate 
thrust. However, repeated attempts to replicate 
EmDrive results have not been successful, and the 
underlying physics remains unclear. The Alcubierre 
drive takes us even further into the field of the-
oretical physics. This concept proposes warping 
spacetime to create a “bubble” around a spacecraft, 
allowing it to travel faster than light without violat-
ing the relativity principle [68–71]. However, the 
Alcubierre drive requires negative energy densi-
ties, which are believed to be physically impossible 
to achieve with current technology.

Warp drives and wormholes

The concept of warp drives extends beyond the 
Alcubierre drive, encompassing various theoreti-
cal frameworks for faster-than-light travel through 
spacetime manipulation. These concepts often 
involve exotic matter with negative mass or nega-
tive energy densities, which pose immense theoret-
ical and technological challenges. Wormholes, on 
the other hand, are hypothetical tunnels connect-
ing two distant points in spacetime [72–74]. While 
wormholes might exist theoretically, stabilizing and 
navigating them are beyond our current under-
standing of physics.

From theory to practice: the engineering 
challenges of propellantless drives

Even if the theoretical underpinnings of propellant-
less drives are sound, translating those concepts 
into practical technologie presents significant engi-
neering challenges.  There are three key areas of 

Table 3. Theoretical frameworks for propellantless propulsion. 

Framework * Description Challenges

Asymmetric electrostatic 
pressure

Uneven electric charge distribution creates thrust 
through interaction with ambient environment.

Low thrust generation, difficulty in creating a 
significant asymmetry.

Spacetime warping with 
electric fields

Intense electric fields warp spacetime for 
propulsion (highly theoretical).

Immense energy requirements, beyond current 
technological capabilities.

EmDrive Closed resonant cavity thruster interacting with 
virtual particles (unproven concept). Unreplicated results, unclear underlying physics.

Alcubierre drive Faster-than-light travel through spacetime warping 
(highly theoretical).

Requires negative energy densities, currently 
impossible to achieve.

Warp drives (General) Faster-than-light travel through manipulation of 
spacetime (highly theoretical).

Involves exotic matter with negative mass or 
energy, immense technological hurdles.

Wormholes Hypothetical tunnels connecting distant points in 
spacetime (highly theoretical).

Stabilization and navigation of wormholes are 
beyond current understanding of physics.

* References [57–63]. 
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difficulty that should be overcome technically and 
technologically (summarized in Table 4) [75–81]:

Thrust generation

One of the most significant challenges lies in gen-
erating sufficient and measurable thrust using pro-
pellantless methods. Traditional rocket engines can 
produce powerful thrust by expelling propellant 
at high velocities. Propellantless drives, however, 
often aim to achieve thrust through subtle inter-
actions with electric fields or the quantum vac-
uum [82–84]. Measuring these minuscule forces 
requires highly precise instruments and testing 
environments like ultra-high vacuum chambers.

Energy requirements

Some propellantless drive concepts, particularly 
those interacting with the quantum vacuum, might 

require enormous amounts of energy to produce 
meaningful thrust. Our current energy genera-
tion technologies might not be sufficient to power 
such drives for realistic space travel applications 
[59,85,86]. Developing highly efficient and compact 
fusion reactors or harnessing new energy sources 
like solar winds could be crucial for propellantless 
drives to become feasible.

Material science

Propellantless drives operating in space would need 
to withstand the harsh environment encountered 
beyond Earth’s atmosphere. This includes expo-
sure to extreme temperatures; micrometeoroid 
impacts and intense radiation [87–89]. Developing 
advanced materials with high strength, low mass 
and resistance to these harsh conditions is essential 
for building functional propellantless drives.

Challenges and considerations in propellantless 
propulsion development

While the allure of propellantless propulsion is 
undeniable, there are significant hurdles that must 
be overcome before these technologies become a 
reality. The journey of propellantless propulsion 
research has yielded valuable lessons that can guide 
future exploration:

Importance of verification and replication

The scientific method relies on the pillars of veri-
fication and replication. Verification ensures the 
results of an experiment are accurate and consis-
tent within a single research group. Replication, 
on the other hand, entails successfully reproduc-
ing the results by independent research teams. 
Unfortunately, some propellantless propulsion con-
cepts, like EmDrive, have struggled with consistent 
experimental verification and replication. This lack 
of reproducibility raises concerns about the valid-
ity of the reported effects and hinders the scientific 
progress of these technologies. To build trust and 

Figure 2. Illustration of spaceship depicting the concepts 
of: charged electrodes, quantum vacuum interaction 
device, and warped spacetime bubble. 

Table 4. Engineering challenges of propellantless drives. 

Challenge * Description Potential solutions

Thrust generation Measuring and achieving sufficient thrust for practical 
applications.

Development of highly precise instruments and 
testing methodologies.

Energy 
requirements

Immense energy demands for some concepts. Advancements in energy generation like fusion power 
or harvesting solar winds.

Material science Withstanding the harsh space environment. Development of novel materials with high strength, 
low mass, and radiation resistance.

* References [75–81]. 

https://www.scopub.com/jmrr/


6	 www.wisdomgale.com/jerr/

M. E. Eissa

confidence in propellantless propulsion research, 
the field requires a commitment to open-access 
research data and reproducible experiments. Open 
access data allows the broader scientific community 
to scrutinize the methods and results, while repro-
ducible experiments ensure that other research-
ers can independently verify the findings [90–94]. 
This level of transparency is vital for distinguishing 
genuine phenomena from experimental artifacts or 
biases.

Need for robust theoretical frameworks

Many propellantless propulsion concepts, such as 
asymmetric electrostatic pressure generation or 
manipulation of the quantum vacuum, operate on 
the fringes of our current understanding of physics 
(Fig. 3). Developing strong theoretical frameworks 
for these concepts is crucial for guiding research 
and development efforts. This necessitates invest-
ment in fundamental research in areas such as elec-
tromagnetism, quantum mechanics, and general 
relativity. A robust theoretical framework serves 
several purposes. First, it provides a foundation for 
predicting the behavior and potential performance 
of these drives. Second, it can guide the design 
and optimization of experimental setups to test 
the validity of the proposed mechanisms [95–99]. 
Finally, it allows researchers to identify potential 
limitations and challenges associated with each 
concept, informing future development strategies.

Collaboration between disciplines

Bridging the gap between theoretical physics, engi-
neering, and materials science is essential for the 

successful development of propellantless propul-
sion technologies. Moreover, effective communica-
tion on the same wave between experts and pro-
fessionals to achieve the same goal is becoming 
increasingly crucial to facilitate the possible reach 
of unconventional breakthroughs [100–103].

•	 �Theoretical physicists: Play a vital role in 
developing the underlying theoretical frame-
works that guide the design and operation of 
these drives. Their work involves understand-
ing the fundamental physics principles at play 
and predicting the expected behavior and per-
formance characteristics.

•	 �Engineers: Act as the bridge between theory 
and practice. They translate the theoretical con-
cepts into practical designs, considering factors 
like geometry, materials selection, and integra-
tion with existing spacecraft systems.

•	 �Materials scientists: Develop novel materi-
als that can withstand the harsh space envi-
ronment and the specific operating conditions 
of propellantless drives. This may involve 
materials with high strength-to-weight ratios, 
resistance to extreme temperatures, and com-
patibility with high electric or magnetic fields.

A collaborative approach that leverages expertise 
from each of these disciplines is crucial for over-
coming the technological challenges associated 
with propellantless propulsion.

Figure 3. The diagram depicts asymmetric electrostatic thrust for propellantless drives. Charged spacecraft electrodes 
interact with sparse space particles, generating a predicted net thrust via unequal electrostatic forces.
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Leveraging existing technologies

While the development of entirely new technolo-
gies is essential for some propellantless propulsion 
concepts, others may benefit from leveraging exist-
ing technologies. Two prominent examples include 
[104–107]:

•	 �High-efficiency solar collectors: These col-
lectors could be utilized to power propel-
lantless drives that rely on electromagnetic 
forces or harvest energy from the sunlight. 
Advancements in solar cell technology could 
improve the efficiency of energy conversion, 
providing a sustainable power source for these 
drives.

•	 �Harvesting energy from solar winds: The 
solar wind is a stream of charged particles 
emitted from the sun. Concepts exist to har-
ness the kinetic energy of these particles using 
magnetohydrodynamic (MHD) generators or 
electrostatic techniques. This harvested energy 
could potentially power certain types of propel-
lantless drives.

By creatively integrating existing technologies into 
the design of propellantless drives, researchers can 
potentially reduce the development time and com-
plexity of these systems.

Utilizing advanced manufacturing techniques

Advanced manufacturing techniques such as 3D 
printing offer significant potential for the construc-
tion of propellantless drives. These techniques 
allow for the creation of complex, lightweight struc-
tures with high strength-to-weight ratios. There are 
few means by which 3D printing could revolution-
ize propellantless drive design [108–112]:

•	 �Novel geometries: 3D printing enables the 
creation of intricate geometries that may be 
impossible to manufacture using traditional 
techniques. This flexibility allows for the design 
of propellantless drives optimized for specific 
operating principles and performance require-
ments. For example, complex electrodes with 
optimized surface areas could be printed for 
electrostatic thrust generation, or resonant cav-
ities with specific shapes could be fabricated for 
concepts like EmDrive.

•	 �Lightweight materials: Advanced 3D printing 
processes can utilize high-strength, lightweight 
composite materials. This reduces the overall 

mass of the propellantless drive, which is crit-
ical for spacecraft performance as every gram 
saved translates to greater fuel efficiency or 
increased payload capacity.

•	 �Reduced fabrication time and cost: 3D print-
ing can potentially streamline the manufactur-
ing process for propellantless drives. Complex 
components can be printed in a single step, 
reducing the need for assembly and potentially 
lowering production costs.

The integration of advanced manufacturing tech-
niques like 3D printing holds great promise for the 
development of lightweight, high-performance pro-
pellantless drives in the future.

Innovative approaches to obstacles

Based on current knowledge databases, here are 
some innovative approaches to overcoming existing 
obstacles:

•	 �Thrust measurement: Utilizing ultra-sensitive 
microthrust measurement technologies devel-
oped for nanosatellites could help detect the 
minuscule forces generated by propellantless 
drives [113,114].

•	 �Energy harvesting: Research on advanced 
solar sails that can efficiently convert sunlight 
into electricity or developing technologies to 
harvest energy from plasma flows in space 
could address the energy requirements chal-
lenge [115–118].

•	 �Metamaterials for propulsion: Exploring 
the properties of metamaterials, engineered 
materials with unconventional properties, 
could lead to breakthroughs in generating 
thrust through electromagnetic manipulation 
[119–122,88,123–125].

•	 �Quantum vacuum interactions: While 
directly manipulating the quantum vacuum 
might be impractical, research on indirect inter-
actions using specially designed cavities could 
be explored [96,126,127].

•	 �Alternative propulsion concepts: 
Investigating propulsion methods inspired by 
nature, like biological locomotion or the pro-
pulsion mechanisms of pulsars (spinning neu-
tron stars), could spark unforeseen innovations 
[77,78,82,128–131].

https://www.scopub.com/jmrr/
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The future of spaceflight: a propellantless 
paradigm shift

The potential impact of successful propellantless 
drive development on space travel is truly transfor-
mative. The ability of spacecrafts venturing farther 
than ever before, unconstrained by the limitations 
of carrying fuel has many benefits for human future 
in the space conquer (Fig. 4). There are some excit-
ing possibilities as the following [132–143]:

•	 �Interstellar exploration: Propellantless 
drives could open the door to interstellar travel. 
Reaching distant star systems, currently an 
impractical feat with traditional chemical rock-
ets, might become a realistic possibility.

•	 �Faster deep space missions: Even within 
our own solar system, propellantless drives 
could significantly reduce travel times to plan-
ets and asteroids. This would enable more 
ambitious missions and scientific exploration 
opportunities.

•	 �Reduced launch costs: A major portion of 
launch costs stems from the massive amount 
of propellant needed for traditional rockets. 
Propellantless drives could drastically reduce 
launch costs, opening up space exploration 
to a wider range of scientific and commercial 
ventures.

•	 �Resource acquisition in space: Propellantless 
crafts could become efficient tools for mining 
resources from asteroids and other celestial 
bodies. These resources could be used to fuel 
space exploration efforts or even be brought 
back to Earth.

•	 �Space tourism: Propellantless drives could 
make space tourism more affordable and acces-
sible, opening up the final frontier to a wider 
audience.

However, significant hurdles remain before these 
possibilities become reality. Public and private 
investment in research and development is cru-
cial for advancing propellantless technologies. 
Collaboration between scientists, engineers, and 
space agencies will be essential to overcome the 
theoretical and engineering challenges.

Conclusion

A holistic perspective on propellantless propulsion

Exploration of propellantless propulsion solutions 
demonstrates our inventiveness and our unwaver-
ing ambition to overcome the constraints imposed 
by conventional rocket propulsion. It marks a par-
adigm change, going beyond the well-known reac-
tion mass principle to investigate alternate meth-
ods of spaceship propulsion. While many notions 
are still in the realm of theoretical possibilities and 
untested experimental findings, the potential ben-
efits are enormous. Success in this endeavor might 
revolutionize space exploration, allowing missions 
with hitherto inconceivable cargo capacity and 
substantially lowering journey durations for deep 
space research. This small revision has undertaken 
a thorough investigation into the entrance of pro-
pellantless propulsion technologies. The analysis 
traced the historical development of these ideas, 
commencing with the visionary concepts proposed 
by Tsiolkovsky and Sänger, and progressing to the 
more contested propositions that emerged later. 
Theoretical underpinnings of various concepts 
were dissected, encompassing light sails that uti-
lize the momentum of photons and concepts like 
the EmDrive, which posits interactions with virtual 
particles within the quantum vacuum. Additionally, 
the engineering challenges associated with these 
technologies were explored, emphasizing the crit-
ical importance of verifying and replicating experi-
mental results, the necessity for robust theoretical 

Figure 4. Imagination of interstellar civilization: a 
hypothetical future human civilization capable of 
traveling between stars.
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frameworks, and the vital role of collaboration 
between different scientific disciplines.

The road ahead for propellantless propulsion 
development is undoubtedly fraught with chal-
lenges. Many concepts remain highly speculative, 
requiring significant advancements in fundamen-
tal physics and materials science. Additionally, 
overcoming the skepticism surrounding unverified 
claims necessitates a rigorous scientific approach 
with a strong emphasis on open-access data and 
reproducible experiments. However, despite the 
hurdles, the potential benefits of propellantless 
propulsion are simply too compelling to ignore. 
The prospect of deep space exploration missions 
freed from the constraints of fuel mass opens up 
a universe of possibilities. The idea of missions to 
the outer reaches of our solar system with signifi-
cantly shorter travel times becomes irresistible, or 
the deployment of large-scale space infrastructure 
unburdened by the limitations of conventional pro-
pulsion systems is a dream that deserves to work 
for it. The pursuit of propellantless propulsion is 
not merely a technological endeavor; it represents a 
voyage of discovery, pushing the boundaries of our 
scientific understanding and engineering capabili-
ties. As we continue to explore these unconventional 
approaches, we may uncover new phenomena and 
principles that revolutionize our knowledge of the 
universe itself. The quest for propellantless propul-
sion is a testament to the human spirit of explora-
tion, and its ultimate success could mark a pivotal 
moment in the history of spaceflight, propelling us 
further than ever before into the cosmos.
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