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space microbes: the puture oF manugacturing

The manufacturing sector for space exploration faces numerous challenges,
Including high costs and limited resources. Supply missions are expensive, with
costs reaching $10,000 per kilogram of payload sent to space. To address these
challenges, microbes—bacteria and fungi—offer revolutionary potential. These tiny
organisms can produce essential raw materials, facilitating sustainable living and
manufacturing in space.

microbes as miniature Factories

Microorganisms have long been utilized on Earth for producing medicines, clean
energy, and food. In space, they could produce essential resources like metals,
nutrients, and medicines. Bacteria, for instance, can extract metals through
biomining by breaking down rocks into smaller particles. This process could provide
materials for tools and habitats on the Moon or Mars [Anderson et al,, 2021].
Another promising application is NASA's BioNutrients system, which uses microbes
to produce essential vitamins and compounds during missions. This system reduces
reliance on pre-packed supplies, ensuring astronauts have access to fresh nutrients
(Brown et al,, 2022).

nisid. [2oa4, pebruary 4]. national institute of allergy and inpectious diseases

aduantages ofF microbial manupacturing in space

Cost Efficiency: Microbes can utilize local resources, significantly reducing the
need for costly supply missions.

Versatility: Microbes can produce a diverse range of products, from
pharmaceuticals to construction materials.

Sustainability: Microbial processes generate less waste and consume less energy
compared to traditional manufacturing methods.



challenges and

considerations

While promising, microbial
manufacturing comes with its
challenges:

Microgravity Effects: Microgravity alters
microbial behaviour and growth,

necessitating precise modifications for
effective biomanufacturing.
Containment Risks: Engineered
microbes must be contained to prevent
contamination and protect astronauts
and spacecraft environments.
Regulation and Ethics: The use of
genetically modified organisms in space

raises ethical concerns. International
space agencies are working on
frameworks to ensure safety and
ethical compliance (Johnson et al,
2023].

puture prospects

Advancements in synthetic biology and
genetic engineering are enabling the
creation of tailored microbes for space
applications. Collaborative efforts
between space agencies, universities,
and private companies are accelerating

progress in this field. In conclusion,
microbes hold immense potential to
revolutionize space exploration by
providing efficient, sustainable
manufacturing solutions. Harnessing
their abilitie transform
humanity nd Earth,
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ing in Space: A Sustainable Future." Astrobiology

trients: Microbial Solutions for Space Nutrition.”

and Regulatory Challenges of Space
e Policy, vol. 7, pp. 11-23.
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i 4’the moon in poetry: erom romantic symbolism to modern inspiration

khansa aamer

lastra, p. [2ois, nouember 1a]. [photographl]. .

The moon
central fi

when we're searching for
answers, or even when
we're trying to find our
way in the dark. For
centuries, poets have
looked up at that glowing
orb and seen something
more than just a celestial
body. It's been a symbol of
love ' lonelines S, m yst ery, unsplash. https:Jlunsplash.comlphotos/moon-weuivcFoidw
and even hope.

romantic symbolism: the moon as a mirr

The Romantic Era (late 18th to mid-19th cen
and individualism. Poets like William Word
Keats frequently depicted the moon n
companion, a muse, and sometimes
in Shelly's "To the Moon", the mo
steadfast." It reflects the human
permanence and change. The im
underscores the Romantic fascinatio
struggles. Similarly, Keats's "Endymion” presen
lover. The poem intertwines mythology and romantic | the moon
personifies unattainable beauty. This celestial and intimate duality captures the
Romantic yearning for connection with the sublime. The moon also symbolized
solitude in Romantic poetry. In "Lines Written in Early Spring," the moon quietly
watches over him as he reflects on life and nature. The moon acts as a silent
companion. Its stillness offers to poet comfort mirroring his introspection. For the
Romantics, the moon wasn't just decoration -it was a reflection of their deepest
emotions.



modern poets and the moon: a shict in perspectiue

Moving into the 20th and 21st centuries, the moon remains a cherished and
enduring source of fascination, but the way poets write about it has been
diversified. Instead of being a silent companion or a romantic ideal, it's often used
as a metaphor for contemporary struggles, identity, and human connection to the
cosmos. Sylvia Plath's "The Moon and the Yew Tree", for example, conveys a sense
of existential despair. Her moon isn't soft or comforting. It's cold, distant, and
almost indifferent. It's a stark reminder of how isolated we can feel, even when
something so constant is right above us. On the other hand, Mary QOliver's "The
Journey" uses the moon as a symbol of guidance and hope. It's like a beacon,
steady, and sure, offering direction when everything else feels uncertain. Oliver's
moon is a reminder that even in chaos and amid life's uncertainties, there's still
something that you can count on. The moon also appears in poems addressing
collective experiences, such as environmental issues and scientific progress. In
Margaret Atwood's poem "Procedures for Underground”, she pairs the moon's
timeless beauty with humanity's scientific progress. It's almost like she is
guestioning whether we've lost something in our pursuit of knowledge -whether
the moon, once a source of wonder, has become just another object to conquer.

tegethopr, m. [2om, august ==].
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the moon across cultures: a universal language

What's fascinating is how the moon
speaks to everyone, no matter where
they're from. In Japanese haiku, for
example, the moon often represents
the fleeting nature of life. Matsuo
Basho, one of the greatest haiku
masters, captures this perfectly in his
lines: Autumn moonlight / a worm digs
silently / into the chestnut." It's such a
simple image, but it says so much
about beauty, decay, and the passage
of time. In Urdu poetry, the moon is
frequently likened to the beloved,
whose beauty is ethereal and often
beyond reach.

The soft glow of the moon, its serene
presence, and its ability to light up the
darkest nights have inspired countless
verses. (Consider Mirza Ghalib's
timeless expression of emotions,
where the moon often symbolizes the
allure of a lover and his poetic
fFascination with celestial wonders like
the moon. Poets like Mir Tagi Mir also
used the moon to symbolize the
beloved's face, highlighting its
unmatched beauty and softness. The
moon, in these cultures, becomes a
symbol of longing, of beauty that's
seen but never fully owned.


https://unsplash.com/photos/total-lunar-eclipse-NbgQfUvKFE0
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why the moon will always matter

Hremareh, n. [2ois, december is].
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regcerences

The thing about the moon is that
it's always there. No matter
where you are or what you're
going through, you can look up
and see it shining back at you.
And maybe that's why poets
keep writing about it -it's a
reminder that even when things
feel uncertain, there's still
something constant in the world.
It's a bridge between the past
and the present, between
cultures and generations. And as
long as we keep looking up, it'll
keep lighting the way -for poets,
for dreamers, and for all of us.

o« Shelley, Percy Bysshe. "To the Moon." Selected Poems of Percy Bysshe Shelley,

Oxford University Press.

‘- Plath, Sylvia. "The Moon and the Yew Tree." The Collected Poems, Harper &

Row.

e Oliver, Mary. The Journey: New and Selected Poems. Beacon Press.
o« Atwood, Margaret. Procedures for Underground. Oxford University Press.
e« Basho, Matsuo. Haiku. Translated by R.H. Blyth, Hokuseido Press.

nasa. IEDIS, nouember ]




'ﬁ'aa
space shield

The presence of ionizing radiation in the vacuu
challenge for astronauts. This type of radiation ca
cancer. However, we can circumvent this issue by
properties to counteract space radiation. Notab
mechanisms that enable them to not only endure hig
it for their growth. Scientists are actively studying fungi
melanin content, as natural defenses against space radiation.

nmernulc d. llﬂll nouember az]

melanin's role

Melanin, a dark pigment present in
many exhibits the
extr absorb and
adiation.
lized

. httpsllunsplash.com|photos|selective-Focus-photo-op-mushroom-umagtammisi

ation

)ened doors for potential space applications. A
)nal Space Station [ISS] investigated the use of
3ainst cosmic radiation. This study demonstrated
gi reduced ionizing radiation by approximately 2%
onditions, such as exposure duration and intensity
hile this percentage may seem modest, the self-
ature of fungi could make them indispensable for long-
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m
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levels
repairing a
term missions.




aduantages of pungal shields

Self-repairing Nature: Unlike traditional shielding materials, livi
regenerate and provide continuous protection over time.
Lightweight Design: Fungal-based shields may weigh less than
materials like lead or polyethylene, potentially lowering launch cos
weights.

Sustainability: Fungi can be cultivated during missions, offering a rene
resource for radiation protection.

challenges and puture prospects

Despite these advantages, practical implementation faces significant hurdles.
Research is needed to optimize the growth conditions of fungi in space and
address potential contamination risks. Furthermore, fungi's protective efficiency
might not yet match that of traditional materials. Genetic and metabolic studies
~ could uncover pathways to bioengineer fungi for enhanced performance, tailoring

iy W 4,
o AL RSN ¥
s .

~ them for specific missions. To sum up, the unigue ability of radiation-resistant fungi
w re and potentially harness ionizing radiation presents an intriguing prospect
Ng autonomous, self-sustaining barriers in space. As humanity ventures
§ the cosmoas, fFungi could become a crucial tool for astronaut safety

horner, c. [2oi8, september 1s].
- "I II.:'.: " | . : ._-_._:_‘_ e -
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What happens when ordinary individuals venture into the extraordinary domain of
outer space? Historically, human spaceflight has been the field of strictly trained
astronauts, selected and groomed for their physical resilience and mental
toughness. This exclusivity created significant barriers to space travel for ordinary
citizens, including the need for advanced technical skills, strict medical
requirements, and access to immense financial resources. These barriers not only
limited who could experience space but also constrained the diversity of
perspectives and contributions The absence of broader participation meant that
research and knowledge about space were largely shaped by a narrow subset of
humanity, leaving untapped the potential insights, innovations, and discoveries that
could arise from the inclusion of people from varied backgrounds. However, with
the rise of private space exploration programs, the gates to orbit are opening to
civilians—individuals from diverse walks of life, experiences, and even health
conditions. Among these groundbreaking missions [Axiom Mission 1, Polaris Dawn,
SpaceShipTwo, Genesis | and Il), SpaceX's Inspiration4 stands out as the first Fully
civilian-crewed spaceflight, marking a significant shift in who gets to experience
space and, more importantly, who contributes to its research.

mawimilian, c. [2oe, pebruary sl.

unsplash . https; llunlplllh.:nmlphntnllllrml-phntagr-phy-:u:-htgh-rlll-bmIdmgl-lyllblhn-nl
Launched on September 15, 2021, including radiation, microgravity,
from Kennedy Space C(Center, the isolation, and confinement [1]. These
Inspiration4 mission took four civilians challenges mirror those Ffaced by
aboard SpaceX's Crew Oragon capsule astronauts aboard the International
to an altitude of 590.6 kilometres— Space Station (ISS]), w '

higher than any human space mission typically extend Ff

since NASA's Gemini program. Though longer [2] B
it lasted only three days, this short the earliest
jaunt into low Earth orbit provided a behavioural
unigue platform to study the human Inspiration4
body's immediate reactions to the understandin

harsh conditions of spaceflight, travel for ord



nasa. [2ois, pebruary sl

The mission's objectives centered on

exploring the biological and behavioral

adaptations of the civilian crew and

assessing the practicality of conducting

scientific research during a privately

funded spaceflight [2]. Unlike

professional astronauts who undergo

i years 0of rigorous preparation, the
' Inspiration4 crew relied on minimal
training and just-in-time instructions to
perform complex experiments and
collect data. Their efforts encompassed a
broad array of biomedical studies
designed by the Translational Research
Institute for Space Health [TRISH].
These studies aimed to evaluat
crew's health before, durin
the mission using a sui
tools, including
devices, wearable
and molecular a

unsplash. http EEE naut-in it-ploating-in-space-yJmsrichk4

One of the mission’'s most significant achievements wa
Of biospecimens—blood, saliva, stool, urine, and even
hases of the flight [1]. These samples revealed sever
r those seen in longer-duration space mission
d inflammation, altered immune signaling, and e
reviously observed in |ISS astronauts after mo
methodologies such as RNA methylation
ICS, pushing the boundaries of space biomed
, the findings underscored that many spac
valuable insights for fFuture missions of va

rstone of the mission was its use of portable
impact of microgravity on human anatomy and
researchers focused on three key areas: urinary bladder function,
and ocular morphology. Interestingly, none of the crew experienced jugular vein flow
anomalies, a common issue among |ISS astronauts during long missions [1]. This
Finding suggests that certain cardiovascular risks may take longer to manifest,
challenging assumptions derived from Earth-based microgravity simulations.
Meanwhile, inspiratory resistance breathing showed promising but inconclusive
results in facilitating blood flow. While most ultrasound procedures, like bladder and
vein imaging, were executed successfully, ocular imaging proved more challenging
due to its complexity, emphasizing the need for dedicated operators or enhanced
automation in fFuture missions.



=1=\V/u]g[s! biological metrics, the
Inspiration4 mission also highlighted the
behavioral and cognitive aspects of
Civilian spaceflight. The
neurocognitive performance, assessed
through a series of tests, showed no
major deficits in though
response times varied. This variability

crew's

accuracy,

could be linked to neurovestibular
challenges and sensorimotor
adjustments that accompany

microgravity. Interestingly, despite minor
slowdowns in reaction speeds, the crew
reported an increase in  positive
emotions Ing happier and less bored
post-flight compared to their pre-flight
states [1]. Sleep quality, a known
challenge for astronauts, was another
focus. The Inspiration4 crew averaged

a figure slightly higher than typical 1S5
reports, possibly mitigating cognitive
fFatigue. The mission highlighted the
potential of civilian crews to operate
autonomously in conducting scientific
research. Unlike 1SS missions, where
real-time support from mission control is
standard, the Inspiration4 team relied
on preloaded instructions and their
adaptability. This independence has
significant  implications  for
missions, especially in scenarios where
communication with Earth is limited,
such as deep-space exploration.
However, the findings also suggest that
while most tasks can be managed
autonomously, highly
procedures may still require specialist
intervention.

Future

intricate

6.7 hours of sleep per night,

Ferla, g. [zois, december 1]
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One of the most exciting implications of Inspiration4 lies in its potential to democratize
space exploration. By demonstrating that ordinary individuals can complete missions and
contribute to meaningful scientific research, the mission challenges traditional notions of
who can be an astronaut. This shift could inspire new waves of engagement, from
schoolchildren dreaming of space to scientists devising novel experiments. Moreover, the
inclusion of diverse participants—spanning different ages, medical histories, and genetic
backgrounds—enriches our understanding of how varied populations might fare in space,
ultimately informing crew selection and mission planning for Ffuture long-duration
expeditions.

Despite its successes, the mission faced inherent limitations. The sample size was small—
just four astronauts—which limits the generalizability of the findings. Moreover, the lack
of Earth-based control subjects matched for age, sex, and health complicates direct
comparisons. However, the within-subject design, where each astronaut's pre-flight data
served as their baseline, provided a robust framework for identifying space-induced
changes. Future studies with larger, more diverse cohorts will be essential to validate
these preliminary observations and to refine protocols for civilian spaceflight research.

[=



Yet, Inspiration4 also raises critical gquestions. How
psychological responses of civilians compare to thos
who have trained rigorously for space? Can the s
missions like Inspiration4 predict long-term outc
preparation? While this mission wasn't desig
definitively, it has laid a foundation for F
comprehensive biomedical database from civilia
to establish reference ranges and predictive mo
astronauts and private space travelers.

As the age of commercial spaceflight accelerates,
represent a new frontier—not only for exploration b
and public engagement. They challenge humanity to t
its accessibility, and the kinds of people who can contribu
innovations in medical diagnostics to insights into human ad
missions are reshaping our understanding of life beyond Earth.
S0, as private space travel becomes more common, the question remains: How will
these experiences redefine not just our biology but our collective imagination about
what it means to explore the final frontier?

nasa. [2ois, nouember s].

[1] Jones, C.W., Overbey, E.G., Lacombe, J. et al. Molecular and physiological changes in the
SpaceX Inspiration4 civilian crew. Nature 632, 1155-1164 (2024). Your paragraph text
[2] Afshinnekoo, E. et al. Fundamental biological features of spaceflight: advancing

the field to enable deep-space exploration. Cell 183, 1162-1184 (2020).
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" euoplanets - the alien worlds

devansh kumar tripathi

menidrey, d. [zon, september a4].
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.eHoplanets - unueiling alien worid

Imagine standing under a sky filled with not just stars but also planets—worlds
beyond our wildest dreams. Planets where it rains molten glass sideways or oceans
span entire surfaces. These aren't scenes from a sci-fi movie; they're the realities of
exoplanets —mysteries of our universe—planets orbiting stars beyond our Sun. But
how did we find them? Could they support alien life?

Let's dive into the cosmic journey of discovery and what it tells us about our place
in the universe. Since the discovery of the very first exoplanet just over two
decades ago, astronomers have uncovered thousands of planets orbiting stars far
beyond our solar system. These alien worlds come in a dazzling variety, many unlike
anything found around our Sun. Entire planetary systems have been discovered
with architectures that challenge our understanding of how planets form and
evolve. What's even more exciting is the incredible pace of this research—scientists
are not only identifying exoplanets but also uncovering remarkable details about
their atmospheres, climates, and potential habitability. The rapid progress in
exoplanetary science is nothing short of extraordinary, transforming what we know
about our universe in just a few years.

2



2. the remarhkable
guest : the discouery

The discovery of exoplanets—planets
orbiting stars beyond our Sun—has
transformed our understanding of
the cosmo nin 1992 when
Aleks Dale Frail
. planets

g advanced
hese distant
even more
much we've
short time. By
gies, we can even
ical composition of
S significance as a
life—the Alien World!
ce of these discoveries
s that we are only
to unravel the mysteries of
axy's countless other worlds

andrews, a. [2o8, january is].
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3. methods o detection

Discovering exoplanets, hidden amidst the vastness of space, is no easy feat.
Astronomers rely on ingenious methods to detect these elusive waorlds, as they
are too distant and dim to observe directly. Let's look into these indigenous
methods to find these:-

Transit photometry: How light dips indicate the presence of exoplanets. One of
the most powerful tools for finding exoplanets is the transit photometry method.
This technigue works by monitoring a star's brightness for periodic dips, which
occur when a planet crosses in front of the star from our viewpoint—a
phenomenon known as a transit. These dips reveal vital clues: the size of the
planet can be inferred from how much starlight it blocks, while its orbital period
and distance from the star can be determined from the timing of the transits. For
planets with atmospheres, analyzing the light spectrum during transits can even
unveil their chemical composition. Missions like Kepler and TESS have used this
method to uncover thousands of exoplanets, demonstrating its unmatched
efficiency in identifying distant worlds. However, transit photometry requires
precise alignment between the planet's orbit and our line of sight, making it only
suitable for a fraction of planetary systems.

caerwinshHi, p. [2ois, june ™).
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ethod is another essential technique used
photometry, which observes the light
Ires the star's "wobble" caused by the
anet orbits, it subtly tugs on its host
ectable motion. This motion shifts
1 when it's moving away from us
n as the Doppler effect. By
2 the planet's mass and its
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Feyissa, s. [2o21, may 1z].

Direct imaging and its challenges: The direct
imaging method is one of the most challenging
but Ffascinating ways to detect exoplanets.
Unlike other technigues that rely on indirect
observations, direct imaging involves capturing
the actual light emitted by a planet. This
method is particularly useful for detecting
large, young planets far from their stars, where
the planet's light is bright enough to be seen
above the glare of the star. To achieve this,
astronomers use special instruments like
coronagraphs or starshades to block out the
light from the parent star, allowing the faint
light from the planet to be observed. These
instruments can also capture detailed images
of exoplanet atmospheres, giving clues about
their composition, weather patterns, and
potential for habitability. Despite its
challenges, direct imaging has led to significant
discoveries, including the direct observation of
planets in the HR 8799 system and the s sssiesishconshotosibie-and-bisch-avstract-painting-u  srasivne
potential of the James Webb Space Telescope

to provide even more detailed images.

planet uvolumes. [2o0=i, december 1s].

Gravitational microlensing: Gravitational
microlensing is an extraordinary method for
detecting exoplanets that rely on the bending
of light caused by the gravitational field of a
massive object, like a star or planet, passing in
front of a more distant background star.
When this happens, the foregr
acts like a lens, magnifying t
background star. If the fo
star with orbiting pla
cause subtle variati
providing evidenc
technique is par
can detect pl
stars, in regi
transit ph
been

distant
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v. the habitable =one: where lice may surviue

The habitable zone (often called the "Goldilocks zone") refers to the region around
a star where conditions are just right for liguid water to exist on a planet's surface—
not too hot and not too cold. This is considered a critical factor for the development
of life as we know it. Planets within this zone could potentially support life, as water
is an essential ingredient for life's processes. The habitable zone varies based on
the size and temperature of the star. For instance, the habitable zone around a
small, cool star would be much closer to the star than the habitable zone around a
larger, hotter star. Identifying planets in this zone has become a major focus of
exoplanet research, as finding planets in the habitable zone could bring us closer to
answering the age-old question: Are we alone in the universe? The discovery of
such planets has profound implications for astrobiology, as scientists look for
Earth-like worlds that might harbor life.

The range and distance of these habitable zones depend on several factors:-

Stellar Type: Larger, hotter stars have a habitable zone that is farther from the
star, while cooler, smaller stars have their habitable zone much closer. The size and
temperature of the star directly impact the distance at which liquid water can exist
on a planet's surface.

Planetary Atmosphere: A planet's atmosphere plays a crucial role in determining
whether liguid water can exist. An atmosphere that is too thick can cause excessive
greenhouse warming, while a thin atmosphere might not provide enough heat
retention.

Planetary Size and Composition: The size of a planet impacts its ability to retain
an atmosphere and regulate its climate. Earth-like planets with sufficient mass can
hold onto an atmosphere, while smaller planets may struggle to maintain one.

Orbital Eccentricity: Planets with highly eccentric (elliptical] orbits may experience
extreme temperature variations, potentially pushing them in and out of the
habitable zone. A more circular orbit leads to more stable conditions for life to
thrive.

Distance from the Star: The specific distance between a planet and its star
determines whether it lies within the habitable zone. If a planet is too close, it could
be too hot for liquid water, while if it is too far, it could be too cold.

Planetary Tilt and Seasons: A planet's axial tilt influences its seasons, which could
impact the climate and the potential for habitability. Planets with extreme tilts
could experience harsh seasonal shifts, while those with a more stable tilt might
maintain a more consistent climate.

s



s. notable potential habitable exoplanets

Proxima Centauri b: Located just over 4 light-years away, Proxima Centauri b
orbits the closest star to our Sun, Proxima Centauri. This exoplanet is within its
star's habitable zone, and while its conditions are still under investigation, scientists
believe it could have the right temperature for liquid water to exist on its surface.

Kepler-452b: Dubbed "Earth's cousin,” Kepler-452b is about 1,400 light-years
away and orbits in the habitable zone of a star similar to our Sun. This exoplanet is
nearly the same size as Earth and is in the right temperature range for liquid water.
Its composition and potential for a rocky surface make it one of the most promising
candidates for habitability in the Kepler mission's discoveries.

van der hoeuen, t. [2on, august ai).

unsplash. https:/|lunsplash.comlphotos|digital-wallpaper-oF-eclipse- _ olsuuzlzgi

LHS 1140 b: LHS 1140 b is an Earth-sized planet located in the constellation
Cetus, about 40 light-years away. It orbits within its star's habitable zone and is
thought to have a rocky surface. Its size and mass suggest that it may have an
atmosphere capable of supporting life, and it has been studied extensively by
astronomers to assess its potential for habitability.

TRAPPIST-1 System: The TRAPPIST-1 system, located about 39 light-years
away, contains seven Earth-sized exoplanets, three of which are in the habitable
zone of their ultra-cool dwarf star. This discovery was groundbreaking because it
highlighted the possibility of multiple planets in one system that could potentially
support life. The TRAPPIST-1 planets are a key focus of research, with ongoing
studies to determine their atmospheres and suitability for life.

niaid. [2oav, january sol. national institute of allergy and inpectious diseases

niaid. [aoa4, january o). national institute of allergy and inpectious diseases
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5. the role o telescopes in exoplanet explora

Telescopes play an essential role in the
search for and study of exoplanets, those
mysterious worlds beyond our solar
system. Thanks to advancements in
telescope technology, scientists have been
able to detect thousands of exoplanets,
unravelling the diverse nature of planetary
systems across the galaxy.

Ground-Based Telescopes: The First
Step in Exoplanet Discovery Many of the
early exoplanet discoveries were made
using ground-based telescopes, which
remain crucial for ongoing research.
Instruments like the Keck Observatory in
Hawaii and the European Southern
Observatory's Very Large Telescope (VLT]
in Chile have been instrumental in
detecting exoplanets using methods such
as radial velocity and direct imaging.

delalande. s [december

9. the puture o eqoplanet exqploration

As more advanced telescopes are developed, our ability to detect and study
exoplanets will only improve. New methods, such as gravitational microlensing, will
enable astronomers to discover planets far from their stars, while direct imaging will
help us observe planets that are too faint or distant to be detected by other means.
Together, these telescopes will continue to provide us with a deeper understanding

of the universe and the many diverse worlds it contains.

baker. c [september is, 2or]
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lanet and the fourth
has captivated

Mars —

than any
ar system,
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OF mars

ken up into three periods: the Noachian, Hesperian, and
. Over these periods, scientists have catalogued a change in
nt from being wet and watery to dry and arid. For example, the
riod, during which Tharsis— a volcanically rich region of Mars— formed,
Ikely characterized by warm and wet conditions due to the valley formation
during this period and the presence of clay minerals called phyllosilicates, and the
Hesperian period was characterized by groundwater eruptions that formed outflow
channels. Theories for Mars' early warm climate include the presence of large
amounts of greenhouse gases and consistent volcanic activity during the Noachian
period, but ultimately much is still unknown. The Amazonian period, which started
2.9 billion years ago and is Mars' present period, is characterized by less overall
geologic activity as well as a dry, arid climate — although this has most likely varied
over thousands of years due to Mars' rotation and axial position. It is also known for
the formation of the ice caps at Mars' poles, which seem to hav
during this period (Carr & Head).

natural peatures oF mars

Compared to Earth's atmosphere, Mars' atmosphere |
surface pressure. The terrain of Mars is characte
canyons, and craters. Some interesting features of Ma




Surface: At the beginning of its formation, Mars' small size and weak
field compared to Earth led to the escaping of hydrogen atoms into s
abundance of oxygen atoms. These atoms reacted with the iron on
causing iron oxidation and Mars' red colouring [Marsden).

Polar ice caps: Located at Mars' northern and southern poles, these are
Mars' four distinct seasons.

Atmosphere: Along with its surface, Mars' atmosphere also appears coloured red
to the human eye due to the absorption of sunlight. Storms on Mars tend to be less
violent than on Earth due to the thin atmosphere.

Volcanoes: Most of the volcanoes on Mars are shield volcanoes, like Olympus Maons.
These volcanoes are most like the volcanoes on the Big Island of Hawaii, although
Olympus Maons is almost three times larger than the entire island.

Vallis Maneris: Vallis Maneris is the largest canyon in the solar system at 4,000

km (2,500 mi) long, and nothing on Earth compares to it. Evidence pointing to lakes

has been found in the canyon, but the interconnected canyon system is thought to
- have been formed by immense geological activity from Tharsis (MarsEd).

) R olucci. d, [march s, 2ozi]
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senerally arid, but scientists are interested in whether Mars could hay
ed life in the past. Features like outflows and valleys suggest water in the
. and a wetter climate, but scientists believe most of Mars' water is below the
Irface, sealed by the cryosphere, a layer of permanently frozen ground. However,
in 2015 the Reconnaissance Orbiter provided compelling photographic evidence
that water currently flows on Mars, showing dark streaks called recurring slope
lineae, also called RSL, in which hydrated salts were detected, leading scientists t
believe that water contributed to their formation. However, a report published E
NASA in 2017 refutes this, saying that RSL was caused by granular flows, in whic
sand and dust travel downhill, which supports the dry characterization of Mars |
the present day (NASA)].
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eHploration oF mars

Mars is the most explored planet in our solar system and is the only planet where
robots are the prime residents. Starting in the 1960s, there have been many flybys,
orbiters, and landed rovers on Mars; in 1976 the Viking 1 was the first craft to land
on Mars and took the first photograph of Mars' surface.

However, not without their failures; around half of the missions
to M fFailed. Famously, in 1999 NASA “lost” the Mars
i it burned up upon entering orbit in Mars'
atmaos anding concerning unit conversions. The team at

JPL used m r their launch calculations, while the manufacturers at
Lockheed Martin used Imperial units. This misunderstanding had wide-reaching
conseguences; it cost nine months of labour and 125 million dollars, and
embarrassment over such a simple mistake (Hotz, NASA).

But even with these failures, we have still made significant discoveries about Mars
that deepen our understanding of our neighbouring planet. As stated previously,
NASA's Reconnaissance rover photographed RSL, which deepened our
understanding of the water presently on Mars, and the InSight lander provided
valuable findings about Mars' atmosphere and recorded the sounds of wind on
Mars, enriching scientific studies (Banfield et al]. In the present day, the NASA
rover Perseverance looks for ancient signs of microbial life in the Jezero Crater,
along with the ExoMars rover, which gathers evidence towards past life on Mars.
Outside of NASA, China's Zuhrong rover studies the geologic features of the Utopia
impact basin (Changela et al].

human missions to mars and

We have sent many robots to Mars,
a great danger to the human body;
dioxide. Other dangers include
psychological toll space travel takes
unknown variables surrounding hum
procuring of food and water.

We have sent many robots to Mars, but we have not sent any humans. Mars poses
a great danger to the human body; its atmosphere is composed of 5% carbon
dioxide. Other dangers include space radiation and the physiological and
psychological toll space travel takes on the body. Additionally, there are still many
unknown variables surrounding human missions, like shelter, cost, and the
procuring of food and water.

—{



Although Mars is unsuitable for human life, researchers found that Mars' surface
can support the growth of cyanobacteria, and they also could be genetically
modified to survive. They could help support plant and food growth, be used as food
during Mars missions, and produce oxygen for humans on Mars thanks to their
properties of nitrogen fixation and photosynthesis. However, this plan is only
hypothetical; it is still uncertain if cyanobacteria will be used in a future life-support
plan for Marsxt anks to how rapidly the field of bioengineering is progressing, and

'tling or colonizing Mars, like Elon Musk's company SpaceX.
‘» ization of Mars also has moral and ethical concerns. As Cristian
it would be a violation of space law— in particular, the Outer Space
I, which states that "Outer space [..] [is] not subject to natural
n by claims of sovereignty, utilizing use or occupation, by any other
ijk]. Although SpaceX is a privately owned company, it is still trying to
pse sovereignty on Mars, which could reflect badly on the United States in
Foragn affairs. Additionally, the word "colonization” calls back to European and
American conguest of Africa and Asia, and the mirroring of those beliefs. It could
lead to the spread of totalitarian ideals (Pumaala et al.). In its current form, it also
mainly benefits the rich and those in power, as they are the ones sponsoring these
ideas, and act in their self-interest, not humanity's as a whole (Eijk]). The exploration
and colonization of Mars is touted as potentially revolutionary that could save
humanity, but it also falls into danger of perpetuating the colonialist and classist
beliefs rampant on Earth.

wirmut. s, [may =1, 2oi8]
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Combating Space'’s Impact on the Human Body with Technology

stemed competiton winner hanna abe

Figure 1. This image is a photo of the Serpent nebula from James Webbs space telescope.
Image Credit: NASA, ESA, CSA, STScl, Klaus Pontoppidan [NASA-JPL), Joel Green [STScl)

introduction

A long time ago in a galaxy far, far away, while Jedi knights like Luke Skywalker may
have been able to avoid the harsh reality of hopping between different planets in
space, modern astronauts today face challenges against evil that is even more

deadly: space.

Recently, medical data from the private Inspiration4 mission in 2021 showed
temporary mental and physical changes in 4 astronauts. A simple 3-day trip in space
has caused a visible decline in their conditions from cognitive to genetic cells.

The lack of e side effects highlights the lack of knowledge about
the in pace. Unlike other space explorations, Inspiration4
sional astronauts: Jared Isaacman, Hayley

topher Sembroski.

mples were collected, known as the Space Omics
des data from the conditions of people who have
0 treatments after missions. However, it is not
our knowledge on the intersection of health and
ary if space exploration wants to establish longer
e dangers of space on human health and how
elping solve the issue.
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causes and eprects oF spaceon t

Space's environment has abnormal conditions that no
you're an alien. For example, unlike Earth, space c
radiation, acousti
Regardless, mitigation measures help avoid these

exactly do astronauts still get affected by space? Well,
program has found various impacts on the human body |

extreme temperature,

nasa, [november s, 2ois]

lonizing

The ionizing radia as been found
to have a long-term risk of cancer due
to exposure, and acoustic noise can
lead to hearing loss. According to Nasa,
‘weight-bearing bones lose an average
of 1% to 1.5% of mineral density per
month" (Axpe et al, 2020).
Additionally, SOMA has found changes
in genetics. They observed how human
cells exposed to space have
undergone genetic changes due to
epigenetic factors, impacting gene
regulation. Due to the barrier between
us and space, scientists today are still
in the process of understanding the
unknowns of the limitations of how far
we can go. Medical challenges such as
radiation, pressure, and the availability
of medicine in space all contribute to
space advancement.

Kjell Lindgren, a medical physician,
states that despite NASA's predictors,
measuring the extent of humans' limits
is difficult. Not only does space have
psychological effects on the body, but
it can also put a risk for behavioural
conditions. Factors like isolation,
fatigue, and environment are heavy on
psychiatric risk. Therefore, the
relationship between space and
medicine is crucial, to successfully
advance the medical system's design
for fFuture space missions.
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technology pauves the way s

However, despite these challenges, scientists have
utilized technology to counter the hostility of space to
the body, like biotic technologies, and brain-computer
interfaces. NASA has also been focusing on advancing
space-based medical technology. In the future, unlike
the ISS, astronauts may not be able to go back to
Earth as easily. Researchers are working on space-
based surgery,; a study from the University of
isville has worked to facilitate surgery in space.
MS works to create bursts of microgravity; it
) dome that creates a seal to provide points
instruments with the main goal of helping
nination by blood from wounds. The
ed to help monitor health, which
sion and tissue data on board.

Jts have found ways to
ects even without the use of
crogravity in space can greatly
cle, by forcing the tissues to
wn the cells that sustain building
S been found that with consistent
y can maintain their shape. Astronauts
sed ARED to help them stimulate a weighted-
workout. Without a routine, they can end up with
weakened muscles, called atrophy. The progress
toward understanding how to maintain a healthy
body in space can help NASA's plans.

conclusion

In conclusion, while astronauts can't withstand the
evil of the hostile environment of space, it is not over
yet. From conditions varying from radiation to
microgravity, we still have a long way to go. However,
through new research, we are uncovering the human
body vs. space. After all, Luke Skywalker may have
the Force, but we have the power to move beyond
the unknown.
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So you may..what is the history behind the study of astronomy? In fact, astrono
traces far back in history and one of the earliest observations was the Ne
disk from Northern Europe. This disk was a representation of the sun.
could also be seen as a religious symbol. The earliest history was
Babylonians in about 1600 B.C. as they closely monitored evidence fr
patterns noticed such as positions of planets. This made astronom
science that observations were recorded for.

schuler. b, [nouember a3, 2o=o]
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About 1,000 years later, the Ancient Greeks obtained these records from the
Babylonians and their discoveries. Thales was a significant contributor to the
identification of ellipses due to his well-versed knowledge of math and Babylonian
records. Due to these findings, orbits were known as perfect circles which created
the belief that all things in Heaven had no flaws. But, later, Aristarchus came up
with an alternative approach to the Solar System which contrasted with Thales'
discoveries. He mentioned that the Sun was at the centre of the Solar System
while the Earth and the planets orbit around it. This alternative approach became
known as the heliocentric model which was also supported by another European
astronomer named Nicholas Copernicus. Contrastingly, another approach to the
Solar System whas also developed the geocentric model. This approach was
proposed by an Egyptian astronomer named Claudius Ptolemy. This approach
believed that Earth is at the centre of the universe while the planets and other
bodies in the solar system would orbit around it. The heliocentric model became
more widely accepted and as a result, in modern-day society, astronomers and
people believe that the sub is at the centre of all planets.

Now t have gone over the history of astronomy, you may ask..so what
omy? According to Merriam-Webster, astronomy is defined as "the
nd matter outside the earth's atmosphere and of their physical
perties." Astronomy combines various fields of study Ilike
sics, and chemistry in order to closely examine celestial objects.
a very wide field of study but it cannot be divided into four types.
Itiple subfields within the study of astronomy like observational
physics, and cosmology. If you might be interested in learning more
y, astronomers typically focus on the origin of the universe such as
ets, and black holes. Astronomers also focus on answering questions

iverse through observing unigue phenomena.
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astrology with astronomy.
Astrology is considered a field
of science that explains how
the position of celestial
objects [(i.e. planets] affect
people who reside on Earth.
On the other side, astronomy
is the study of the universe
using mathematics, physics,
and chemistry.
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* treating astronauts in microgravity

adil mukhi

Space—it's the final frontier, but it's also a weird and wild place for the human body.
Even while space travel offers amazing opportunities for investigation and learning,
there are particular difficulties in maintaining astronauts' health. The absence of
gravity while they are floating around in microgravity affects every part of their
body, [ w they move. Let's examine how we address these health issues of
the sp

1. the bone dilemms: “gravity, where are you= what's
happening=

Similar to osteoporosis on Earth, astronauts lose bone density at a rate of 1% to
2% every month when gravity is not pushing on their bones (Smith et al.,, 1992)].
Because of this, bones become more brittle and prone to breaking. Without gravity,
there would be no regular movement to build bones, which might have major long-
term health consequences. Why does it matter? The long-term implications are
huge. If astronauts are going to explore other planets, like Mars, they need bones
that can handle the stress of both space and Earth's gravity when they return. The
solution? To combat this, astronauts use resistance exercise devices to try to mimic
the effects of weight-bearing activities like walking or running. But it's a tough
battle—gravity is a powerful force to counteract.

2. muscle weahkness: “where did my strength go="
what's happening=

Muscle atrophy or deterioration occurs due to the absen
astronauts do not need to exert as much effort to maintai
muscles become weaker and shrink (Convertino, 2024]. It's like
potato lifestyle while in space. Why does it matter? Muscle we
nuisance—it affects mobility, and strength, and can make returni Earth's
gravity extremely difficult. The solution? Exercise, exercise, exercise! Astronauts do
resistance training to maintain their muscle mass. However, even with regular
workouts, they still face challenges and ongoing research is focused on finding
better ways to preserve muscle function in space.




3. the heart or the matter: “"gloating gluid”

What's happening? Fluid shift. Under microgravity, physiological fluids flow from
the lower to the upper body ([Mahmood et al, 2024). The outcome? Alterations in
vision, head swelling, and even elevated ocular pressure. Additionally, because the
heart is not forced to pump blood upward against gravity, which might impair
circulation, it must work harder.

Why does it matter? These fluid shifts can cause cardiovascular problems like
orthostatic intolerance (diffic ding up after sitting or lying down), making it
tough to function and pace. Not ideal if you're trying to do
complex tasks on a olution? Astronauts engage in daily
cardiovascular exerci fluid levels to keep things in balance.

But, given the com INg new ways to prevent these fluid
shifts from causin
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conclusion: ready For blast-

Although space flight is exciting,
astronauts in microgravity is a ch
floating fluids. However, we are
and a great deal of exercise. W
result of the medical advancem

y it. Treating
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Imagine a giant elevator reaching from Earth to
space—sounds like something out of a sci-fi movie,
right? But this idea, known as the space elevataor,
is more than a cool concept. It could revolutionize
space travel by making it cheaper, safer, and more
efficient. So, how exactly does this sky-high idea
work, and what stands in the way of making it a
reality?

what is a8 space eleuator=

Simply put, a space elevator is a huge structure
built to carry payloads from the Earth's surface to
space, such as satellites, goods, or even
passengers. Anchored at the equataor, the elevator
would reach geostationary orbit, which is around
35,786 kilometres above the ground and is
essentially where communication satellites hang
out.

why it matters: cheaper
and

ace elevators could
LD to P0%
to industries

amounts
levator
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way to go

tand forces. Current materials like steel are not
n nanotubes or graphene for the job (Johnson,
iIronmental factors like space debris and wind.
e tether and climbers remain stable (Kuzuno et al.,



economic and geopolitical considerations

The potential rewards of building a space elevator are enormous, but the cost is high. Once it is
operational, it might significantly reduce the cost of launching items into orbit. International
cooperation would be necessary during construction to resolve security, ownership, and military
issues (Johnson, 2023].

the road shead: a long Journey to lipt-ofFfE

Although space elevators might revolutionize space travel, their implementation is still a long
way Ooff. International cooperation, engineering, and materials science advancements are
essential. Who knows as technology develops? A space elevator might be the physical doorway
to the stars in the future!

In conclusion, although space elevators may seem like a pipe dream, the concept has scientific
foundations. They could hold the secret to opening up the next phase of reasonably priced
space travel if we can get beyond the technical and financial obstacles. Who knows? You could
be taking an elevator directly into space in the not-too-distant future!

diza. i, [nouember 13, 2o2i]
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understanding the impact
oF space trauel on the
human mind

Space exploration has always fascinated
humanity, representing both the pinnacle
of technological achievement and a
daunting challenge for human endurance.
While the outer space environment
presents physical hazards, its effects on
the human mind are equally profound. As
space agencies, such as NASA and ESA,
and private companies like SpaceX
prepare for longer missions, including
possible voyages to Mars, understanding
the changes in cognition and behavior for
astronauts is becoming a pressing area of
research. Indeed, the unique challenges
associated with traveling through space
greatly test their physical, mental, and
psychological fitness (Smith 45).

the space environment and its inpluence on the brain

Space is an implacable environment that has a deep impact on the human baody.
The absence OF gravity, or simply microgravity, makes fluids shift around inside the
tly, and it eventually weakens muscles and bones over time (Johnson
er hand, perhaps more important than this physical consequence, is
al toll of being in space: isolated, confined, and cut off from Earth.
eps of research into the cognitive and behavioral effects of space
ith the dawn of human spaceflight. For instance, astronauts during
pace flights, such as in the Apollo program, reported distorted
sorientation (Adams 23]. In recent times, other studies, including
ted on ISS-bound astronauts, have come up with clear evidence that
Xposure to space results in drastic changes in cognitive functions,
of emotions, and social behaviors (Lee 89)].




cognitive changes: memo
making
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d aspects of space travel on the human mind is its influence
IFferent changes have been recorded in memory, attention,
'ecially during long-duration flights [Harris and Nguyen
fect the brain's ability to process sensory information,
ken memory retention and spatial awareness [Martin
Sss a general feeling of mental fatigue that negatively
sks requiring attention and concentration (Lee 91).

In space disturbs the normal circadian rhythm that
s. The ISS orbits Earth in 20 minutes, meaning the
e sunrises and sunsets within a day (Brown 134).
At might interfere with sleep, thereby causing sleep
ccelerates the process of cognitive decline and
Or these reasons, astronauts are specifically trained
ronents by learning various coping mechanisms and
tally keen [Harris and Nguyen 115). However, the
upted sleep patterns coupled with the psychological
ISsions can ultimately dampen their mental acuity over



behavioral changes: stress, ansiety, and mood
disorders

The potential for behavioral changes is another concern for the scientists in
space explorers. Though extensive psychological checkups are performed on all
the astronauts, isolated continuous stay amidst space may lead to various
adversities like stress, anxiety, and even mood disorder problems among
astronauts (Taylor 102). Long-term confinement without privacy and the inability
to flee from some situations might result in irritability, interpersonal conflict, and
heightened levels of stress (Adams 28]. In long-duration missions, like those in
the ISS where astronauts stay for months or even years away from Earth,
psychological features of space travel are a specific concern (Johnson 71].
sence of natural environmental cues, like changes in weather or changes in
ight on the skin, can give way to feelings of isolation and disconnection. Thus,
auts feel sad or depressed, which has popularly been termed "space blues”

that can impact the mental health of astronauts include social
‘ spacecraft. Whereas the small crew size allows for a tight-knit
F privacy and constant proximity of other crew members can
ension and emotional stress (Carter 59). Astronauts report
cur, although rare, due to mission stressors and confined

==y

the social and emotional impacts

OF all the psychological effects of space travel, isolation is perhaps the deepest.
Besides the physical distance from Earth, astronauts are also isolated from the
greater human experience. The inability to regularly communicate with loved ones,
the absence of Familiar cultural references, and the inability to immediately access
Earth-based support systems can lead to a feeling of loneliness (Harris and
Nguyen 120]. For astronauts on missions beyond low Earth orbit, such as those to
the Moon or Mars, the distance will create even greater communication delays,
making real-time interactions with mission control or family members almost
impossible (Martin 72).

Studies of isolation in extreme environments on Earth, such as those conducted in
polar stations or submarines, provide valuable insights into the psychological
challenges faced by astronauts (Smith 49). Prolonged isolation causes
of anxiety, depression, and a feeling of helplessness (Brown 140
space agencies prepare astronauts with psychological support s
communication with loved ones, team-building exercises,
resources (Lee 93). However, the unknown factor of deep-s
missions going up to many years, poses new guestions that
(Adams 31].




the puture o space trauel and mental health

As humanity pushes toward the next frontier in space exploration—manned
missions to Mars and beyond—determining the cognitive and behavioural effects
of space travel becomes all the more important (Johnson 75]. The length, isolation,
and environmental complexity of future missions will increase. Astronauts' mental
health will become even more of an issue than now, as the likelihood of
psychological damage increases with mission duration and distance from Earth
(Carter 62]). Addressing these factors, space agencies are looking into advanced
technologies and ideas. For example, VR might immerse the astronauts into Earth-
like experiences, while simultaneously allowing them to "travel" to be with families
and friends (Harris and Nguyen 125]. Artificial intelligence systems may offer real
psychological support soon through personalized coping strategies, monitoring, and
responding to their emotional statuses during space travel (Taylor 110].
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Although space exploration is extremely fascinati
breakthroughs for long-term missions in the future and be
astronauts in space are constantly exposed to conditions that are har eir
health. Just a few examples are constant physiological stress, changes in their
sleep cycle, loss of muscle mass, and visual impairments. But perhaps the most
detrimental risk they face in the microgravity environment is their increased risk of
developing cancer. This increased risk is primarily due to space radiation exposure,
specifically from particles known as galactic cosmic rays and solar particle events
(Why jation Matters 2017]). The constant exposure to this harmful
radi engthening of telomeres happens. When telomeres are
liferate increasingly, casting doubt on the safety and

the ends of chromosomes. They serve as
ir length is a cumulative product of various
al. 2024). Unusually long telomeres have
certain cancers such as lymphoid and
S research has shown that telomerase-
ngth to telomeres- gets switched on in
this enzyme therefore means that
stronauts to develop an increased risk
for long periods. To be able to sustain
ted somehow.

been used in space only once before.
regularly interspaced short palindromic
scientists to modify genomic ONA. In a past
technology was used to successfully generate
ast, allow these breaks to repair, and sequence
e whether its order was restored (Gaskill 2024).
e the extent of potential applications CRISPR can
mere length is a major risk for astronauts staying in
microgr or extended periods, using CRISPR technology to
silence the erase could potentially reduce telomere lengthening in
space and there uce the risks astronauts face for cancer.



in size in just ten days due to
JAR1 being overexpressed
_ell Institute 2023). ADARL1
sponsible  for providing
reate the ADARI1 protein
une response for foreign
ene 2024). Researchers
d that due to the stress
he immune response is
IS causes the gene to be
(Sanford Stem Cell Institute
ceforth, the combined
Oon of this gene along with
he subunit of telomerase
Jle for telomere lengthening- can
- increased proliferation of cancer
ells ([Ma et al. 2020]. Therefore, telomere
 lengthening due to space radiation
exposure and ADAR1 gene overexpression
due to microgravity stress could serve as a
potential explanation for increased cancer
stem cell growth. However, the problem
with lengthening telomeres has not been
efficiently addressed, which is where
CRISPR comes in.

A previous study used the CRISPR tool to
sense hTERT in bladder cancer cells and
results showed that it suppressed cell
proliferation, migration, and invasion and
also induced cancer cell death without
affecting healthy cells (Zhuang et al. 2021).
Therefore, a similar experiment can be
tested in microgravity to prevent cancer
stem cell proliferation. CRISPR-
technology can be an effective to
mitigating cancer risks for astrona
therefore able to help them sustai
long-term missions. Cancer cell
primarily due to radiation expos
long-term exposure of this causes s
the ADARI1 gene and accelerates im
response. The hTERT protein is al
overexpressed due to the stress
microgravity and hence causes
lengthening of telomeres. W
experiments have been tested on Eart
both CRISPR and ADARI, a lack of st
done in space on telomeres exists. T
where CRISPR technology can bridge
gap for cancer research on telomere
microgravity.
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and perhaps even inhabiting other worlds for years,
‘x ~at the centre of their ambitions. Due to many
'i . seasons, and the likelihood of water, Mars is said to
' man settling. Recent advances in space technology,
‘t]F organizations like NASA, SpaceX, and other private
hies, have brought this dream closer to reality. However,
4 tion of Mars no longer mere science fiction but a tangible
s DF readiness will increasingly be put to humans who will
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~ the vision of martian colonization

The concept of humans inhabiting Mars had, until recently, been strictly speculative:
the subject of science fiction novels and the musings of a few visionary scientists.
Now, the concept of colonizing Mars has passed from the realm of science fiction
into that of scientific fFact-finding. Mars offers an appealing alternative to Earth due
to its proximity, geological similarities, and resources that could potentially support
life. Companies like SpaceX, under the leadership of Elon Musk, have set ambitious
goals for Mars, including MuskK's vision for sending the first crewed mission to the
planet as early as 2026, with the long-term goal of establishing a self-sustaining
human colony.

One of the most attractive features of Mars is its potential to harbour resources
necessary for survival. Liquid water, found in ice deposits at the poles and in the
Martian sail, is the most crucial resoul nan survival. The atmosphere,
although thin, contains carbon dio. f oxygen using
technology already in :_tu Resource
Utilization [ISRU]), grces from
the Martian envi lies (Stoker
and Bullock, '
Despite the
on its sur
challenge
element
carefull

urviving
(s]js[¥]gls
every
to be
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the technological challenges

The venture of sending humans to Mars is by
No means an easy task. Technological
challenges associated with such a trip are huge.
A Mars mission would not only need a
spacecraft that could safely carry astronauts
through the vast distance between Earth and
Mars but also systems to shield them from
radiation, microgravity, and psychological
stresses to deep space travelling. The
ese challenges is the time
journey to Mars is
pending on the
lanets involved in
. Unlike Earth, which is
protecte magnetic field and atmosphere,
Mars offers no such shield, meaning that
astronauts would be at risk of radiation-
induced cancer, cognitive decline, and other
health complications (Cucinotta, 125).
Therefore, spacecraft and habitats for Martian
colonists would need to be equipped with
shielding systems to mitigate radiation
exposure. Furthermore, while on Mars,
astronauts will be exposed to microgravity and
low atmospheric pressure, both of which are
very harmful to human health. Long-term
exposure to microgravity causes muscle
atrophy and loss of bone density, while the thin
atmosphere on Mars presents a risk of
asphyxiation and hypothermia. In
scenarios, special suits, habitats,
support systems would be neces
challenge is the resupply of a c
With Earth millions of mile:
missions would be slow anc
colony would have to be hig
producing food, water, anc
research into hydroponics,
systems, and closed-loop life-sug
Is promising, but they remain in the ea
of development and Ffar from operationa
testing and refinement (Miele et al,
?8].Psychological and Social Considerations
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While the technological and physical
challenges are big, the psychological
and social implications of living on
Mars may prove to be just as daunting.
The isolation and confinement
associated with long-term space travel
and Martian residency could take a
severe toll on the mental health of
astronauts and colonists. Astronauts
aboard the International Space
Station (ISS] have reported feelings of
loneliness, anxiety, and stress due to
isolation and limited social interaction
(Smith 230). On Mars, these feelings
would be intensified by the distance
from Earth and the small, tight-knit
nature of the colony.

The journey to Mars could take up to
nine months, with astronauts living in
close quarters and facing limited social
contact. On Mars, the small colony size
could easily Ilead to interpersonal
conflicts, social tensions, and feelings of
isolation. Mental health support would
be crucial, and already there are
solutions in the pipeline, such as virtual
reality systems, to help combat the
psychological effects of isolation. |
Sonnenberg 47]). Furthermore, it would
be required that the astronauts and
colonists go through comprehensive
psychological training to enable them to
bear the stresses of extreme
confinement and isolation.

Then again, the colonization of Mars would bring in ethical issues: the protection of
the environment, contamination of Mars with Earth-based microorganisms, and the
ethical considerations of changing a pristine planet. Furthermore, the formation of
a new society on Mars and our role within the universe will be some of the
Important guestions that shape the debate on Martian colonization. The severe
moral and ecological guestions related to terraforming or settlement building raise
guestions about causing permanent alteration to the Mars ecosystem.

are we ready=

Although significant technological,
physical, and psychological challenges
remain, the rapid advancement of
space technology suggests that a
manned mission to Mars is getting
more feasible. But are we ready to
colonize the Red Planet? As experts
agree, while technological
developments are underway, the
structure that will support human life
on Mars is still in its infancy. More to
the point, however, is the question of
whether humanity is ready for such a
fundamental shift in perspective that
colonizing another planet would entail.
Going to Mars is not about sending
astronauts;
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it's about how human society will adapt to completel
decades will, most likely, reveal whether we are re
step. While Mars might reach our grasp, to make ¢
and ethical ways remains one of the most dauntin
we stand literally at the threshold of interplaneta
the responsibility to reach beyond our home planet
a key to humanity's future, but only if these ch
Martian environment, and perhaps most importantl
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