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CHAPTER 01/ 02

Dedication

To the explorers who question, calculate, build, and teach us to look

beyond the horizon.
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CHAPTER 02 / 02

Introduction

Mars is not a fantasy destination waiting for a simple ticket. It is a
real world shaped by volcanoes, impact craters, winds, ice and a
history that may explain how habitable environments evolve. This
illustrated short edition introduces the engineering, science and
human judgment behind the exploration of Mars. It celebrates
achievement without treating proposed future missions as

accomplished facts.
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ILLUSTRATED FEATURE | Beyond Earth

Original conceptual illustration - not an archival photograph.
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CHAPTER 03/ 02

A History of Looking Up

For thousands of years, people used the sky to measure time,
navigate, celebrate seasons and ask questions about the universe.
The apparent movements of the Sun, Moon and stars helped
communities plan agriculture and travel. Astronomical records
existed in many civilizations, and observations developed into
mathematical models that could predict recurring events. The
history of astronomy is not a simple relay from one nation to
another. Ideas were preserved, translated, challenged and

developed across generations and cultures.

The telescope transformed what astronomers could see, but
improved instruments were only one part of the story. The
willingness to correct a familiar model when observations
contradicted it was equally important. Spectroscopy later allowed
researchers to examine the light from distant objects and infer
characteristics of their composition. Photography, radio astronomy
and space telescopes extended the reach of observation. Today's
images of galaxies and planets are products of instruments,
computation and interpretation rather than direct human sight

alone.
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Spaceflight began as engineering ambition long before machines
could reach orbit. Rockets were studied for many purposes; in the
twentieth century, propulsion, materials and guidance systems
made launch into space technically possible. Sputnik 1, launched by
the Soviet Union in 1957, became the first artificial Earth satellite.
Yuri Gagarin orbited Earth in 1961. The Apollo 11 mission landed
humans on the Moon in 1969. These achievements also occurred
within political competition, immense expenditure and the work of

large teams whose names are less familiar than the astronauts'.
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VISUAL ESSAY / 01

BEYOND EARTH

Discovery on Mars begins with questions, not
conclusions.
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CHAPTER 04 / 02

From Early Probes to
Modern Mars Rovers

The first attempts to reach another planet faced extraordinarily
high failure risks. Scientists needed to calculate trajectories,
manage spacecraft from millions of kilometers away and survive
environments that had never been visited directly. Mars became a
focus because of its geological record, polar regions and relevance
to questions about the possibility of past water. Early spacecraft
returned information about the atmosphere and surface before

engineers could reliably operate moving laboratories on the ground.

NASA's Viking missions landed on Mars in 1976 and conducted
extensive scientific investigations. Later orbiters produced maps
and measurements that improved understanding of climate and
geology. Sojourner, a small rover delivered by Mars Pathfinder in
1997, demonstrated mobile exploration. Spirit and Opportunity
landed in 2004; their fieldwork revealed compelling evidence of
past water-related environments. Curiosity landed in 2012 with a
laboratory built to investigate whether ancient conditions could
have supported microbial life. Perseverance landed in Jezero Crater
in 2021 to study its ancient environment and collect selected

samples. A rover's value cannot be measured only by distance
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traveled; instrument quality, scientific context and reliable

interpretation matter more.
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CHAPTER 05/ 02

How a Mars Mission Is
Planned

A mission begins with a set of answerable questions. Scientists
might ask how sedimentary rocks formed, what changed in an
ancient environment or whether an area contains minerals
associated with water. Engineers then assess a suitable landing
site, power requirements, communication routes and how much
uncertainty they can tolerate. A fascinating site may be too
dangerous to land near; a safe location may offer fewer geological

clues.

After launch, a spacecraft may spend months crossing
interplanetary space. Entry, descent and landing demand
extraordinary accuracy because Mars has an atmosphere too thin to
slow a heavy vehicle as efficiently as Earth's yet thick enough to
create heating and aerodynamic uncertainty. Once on the surface, a
rover performs carefully sequenced tasks. A camera image that
appears ordinary may resolve an engineering question about a

route or a scientific question about a rock layer.

A typical evidence chain is: observation, hypothesis, measurement,

comparison, uncertainty, and finally a conclusion limited by the
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available data. A candidate biosignature is not the same as
confirmed life. The distinction protects the credibility of the

discoveries that come later.
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CHAPTER 06 / 02

Astronomy Activity: Build a
Mission Timeline

Create a two-page mission board with three columns: milestone,
technological advance, and unanswered question. Include Sputnik,
the first human orbital flight, Apollo 11, Viking, Sojourner, Spirit
and Opportunity, Curiosity and Perseverance. Mark which

achievements involved orbiters, landers, rovers and human crews.

Design a fictional Mars mission for a school science club. Give it
one question, one instrument, an expected failure mode and an
honest plan for explaining a negative result. End with a postcard
describing the discovery you most hope to make, without

pretending it has already happened.
Sources for further reading

* NASA Mars Exploration: https://science.nasa.gov/mars/
» NASA History Office: https://www.nasa.gov/history/

* NASA Jet Propulsion Laboratory: https://www.jpl.nasa.gov/
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CHAPTER 07 / 02

Why Mars Matters

Imagine standing at the edge of a vast red plain under a sky tinted
with airborne dust. The Sun appears smaller from Mars than it does
from Earth, the air is far too thin to breathe, and even an ordinary
stroll outdoors would be impossible without protection. Yet that
formidable landscape holds evidence of old rivers, deltas and
changing climates. Mars is a scientifically useful neighbor because
its surface preserves traces of earlier environments that no longer

exist in the same way.

Scientists do not visit Mars only to search for dramatic signs of
alien life. They ask how rock layers formed, where water moved,
what minerals reveal about temperature and chemistry, and how a
planet lost much of its atmosphere. These questions illuminate
planetary evolution more broadly. Earth and Mars followed
different paths; studying the difference helps us understand why

our own planet remains capable of supporting complex life.

Mars also tests our capacity to cooperate across borders,
disciplines and generations. A rover mission depends on geologists,
software engineers, technicians, mechanics, flight controllers,
educators and countless specialists who may never see the

spacecraft after launch. Exploration is therefore not simply a heroic
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astronaut story. It is a long, careful agreement among people who

convert curiosity into instruments, tests and shared evidence.

Something to Consider

Try tracing one claim about Mars to its original NASA mission page.

Compare the headline with the actual scientific observation.
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ILLUSTRATED FEATURE | Beyond Earth
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Original conceptual illustration - not an archival photograph.
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CHAPTER 08 / 02

The Robot Explorers

Spacecraft reach Mars through journeys planned using celestial
mechanics and refined by navigation teams. An orbiter can survey
large regions, monitor weather and relay communications. A lander
studies the place where it comes to rest. A rover moves carefully
across the surface, taking photographs, analyzing chemistry and
selecting targets for closer investigation. Each tool is specialized,

and each adds a different scale of understanding.

NASA's Perseverance rover landed in Jezero crater in February
2021. It was designed to investigate geology and past habitability,
collect rock and soil samples, and test technology relevant to later
exploration. In 2026, NASA mission updates described the rover
examining ancient terrain beyond Jezero's rim in a region called Lac
de Charmes. Those updates are particularly valuable because
scientific missions evolve as new images and measurements arrive;

a route drawn years earlier may change after closer inspection.

Ingenuity, the small helicopter that traveled with Perseverance,
demonstrated powered flight in the thin Martian atmosphere. Its
flights showed that aviation technology can be useful even where
air density and temperatures pose extraordinary problems. Flight

demonstrations, however, are not the same as a guarantee of
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routine future transport. The distinction between experiment and
operational service is central to responsible science

communication.

Something to Consider

Draw three columns labeled orbiter, lander and rover. List what

each can observe and what remains outside its reach.

19



MCHILS BOOKS | FREE READING LIBRARY

CHAPTER 09/ 02

Reading Rocks and
Searching for Clues

A rock is a record, but it does not explain itself. Sedimentary layers
may preserve a sequence of environments; mineral chemistry may
indicate interaction with water; the shape of a grain may suggest
transport by wind or liquid. Scientists assemble these clues with
context. A single unusual image cannot prove that ancient life
existed, because physical and chemical processes without life can

sometimes produce similar patterns.

The search for past life requires multiple independent lines of

evidence and careful exclusion of nonbiological explanations. This is

why sample selection, contamination control, laboratory methods
and peer review matter. Strong claims demand stronger
confirmation than a viral photograph or an excited social-media
post can provide. Even if Mars never yields proof of life,
understanding its geologic history would be a profound scientific

result.

A sample collected robotically may be valuable long after the
rover's original mission. Future instruments can sometimes detect

details that earlier instruments could not. Preserving contextual
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records—the exact rock layer, location and environmental
observations—is as essential as preserving the physical sample.
Scientific value depends on knowing where evidence came from and

how it was handled.

Something to Consider

When you see a claim that life was found on Mars, ask what was
measured, which alternatives were examined and whether

independent teams agree.
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FOUR CONNECTED IDEAS / 02

UNDERSTAND THE CONNECTIONS

Orbit

Frame a question

Sample

Test the evidence

A CONCEPT MAP - NO RANKING OR STATISTICAL CLAIMS

Observe

Study the terrain

Learn

Report uncertainty
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CHAPTER 10/ 02

A Human Journey Is Harder

Sending people to Mars is an extraordinary systems problem.
Astronauts would need reliable air, drinking water, food,
temperature control, medical support, radiation protection,
communications and a way to return or sustain themselves. Mars is
much farther than the Moon, and launch opportunities depend on
the changing geometry of planetary orbits. Even a small equipment

failure may be difficult to fix without help from Earth.

Gravity is weaker on Mars, dust can infiltrate equipment, and
delays in radio communication prevent ordinary real-time
conversations. Long-duration isolation, psychological stress and
medical emergencies pose risks that cannot be solved merely by
adding more rocket power. Mission planners must consider how
people make decisions together when stress accumulates and

rescue is not immediate.

Before anyone speaks confidently about permanent settlements,
practical questions should be answered: Can systems recycle
resources reliably? Can crews maintain their habitat? Are scientific
benefits worth the risks? How will the mission avoid contaminating
potential ecosystems? Responsible exploration combines ambition

with humility, public accountability and an honest discussion of
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uncertainty.

Something to Consider

Design a crew checklist covering air, water, food, health, energy,

communication and emergency repair.
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CHAPTER 11/ 02

Moon to Mars: The Long
Preparation

NASA's Artemis program uses missions around and on the Moon as
part of a broader effort to develop capabilities useful for
deeper-space exploration. Artemis I tested the Space Launch
System rocket and Orion spacecraft without a crew in 2022.
Artemis II carried a crew on a lunar flyby in April 2026,
demonstrating systems and operations needed for later missions.
These milestones are meaningful in themselves, even though they

do not amount to a human landing on Mars.

The mission architecture can change as technology, budgets, safety
reviews and partnerships evolve. As of October 2026, NASA
described Artemis III as a planned 2027 demonstration involving
commercial lunar landing systems in low Earth orbit, with Artemis
IV targeted for the next crewed lunar surface landing. Readers
should consult official NASA updates rather than treat any

projected schedule as an unchangeable promise.

A good exploration program must keep public trust. That means
explaining what succeeded, what failed, what was postponed and

why. Scientific progress does not move in a straight line; a test that
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reveals a dangerous weakness may save lives by preventing a more
serious failure later. Honest failure analysis is one of the most

valuable achievements of complex engineering.

Something to Consider

Make a timeline that separates completed missions from future

plans; label projections as projections.
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CHAPTER 12 /02

The Ethics of Going

Exploring another planet raises questions that technology alone
cannot answer. If microbes or delicate chemical systems exist
there, what obligation do visitors have to avoid contamination? Who
should benefit from information gathered at public expense? How
should nations and commercial organizations share access and

responsibilities? What kinds of activities ought to be prohibited?

Planetary protection is the effort to reduce harmful biological
contamination between worlds. It helps preserve scientific evidence
and limits avoidable environmental risk. More broadly, space
exploration can either reinforce unequal access to knowledge or
inspire more inclusive education and international cooperation.
Choosing the second path requires deliberate policy rather than

hopeful language.

Mars will remain fascinating whether human beings walk there
soon or generations from now. The responsible explorer is neither
afraid of discovery nor careless with it. Curiosity, evidence,
restraint and generosity should travel together. If humanity reaches
another world, we should bring our best habits—not merely our

most powerful machines.
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Something to Consider

Write your own three-rule code of conduct for explorers, scientists

and tourists visiting another world.
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CHAPTER 13/ 02

Working Like a Planetary
Scientist

Imagine receiving a new panorama from a robotic explorer. Your
first task is not to decide that the rocks prove a dramatic story. It is
to ask what the instrument can actually measure. A color image
may show texture, layering and shape, but lighting and camera
settings influence what it appears to reveal. Spectrometers provide
information about how matter interacts with light; laboratory work
on Earth helps researchers interpret those patterns. No single

image offers the whole history of a landscape.

Scientists build explanations by comparing multiple clues.
Sedimentary layers can record deposition over time, yet similar
shapes sometimes form in different environments. Minerals can
indicate chemical processes, but context decides what can
reasonably be inferred. A rover therefore takes photographs,
measures composition and studies nearby features while teams test
competing explanations. Strong conclusions emerge from evidence

that agrees across several independent methods.

For a classroom exercise, describe a rock before interpreting it. List

its visible features without using words such as 'ancient lake' or
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'volcano.' Next, write at least two possible causes for each feature.

Finally, ask what additional measurement would help distinguish
those explanations. That sequence, from observation through

hypothesis to test, is useful on Mars and in everyday

problem-solving.

Something to Try

* Compare two NASA mission images and label observation

separately from interpretation.

* Explain what new evidence might change your preferred

explanation.

30



MCHILS BOOKS | FREE READING LIBRARY

ILLUSTRATED FEATURE | Beyond Earth

Original conceptual illustration - not an archival photograph.
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CHAPTER 14 /02

What Would Count as
Evidence of Life?

The search for life beyond Earth is exciting partly because it
requires careful restraint. Scientists can identify environments that
might once have supported living organisms without showing that
organisms were actually present. Water-altered minerals,
carbon-bearing compounds and complex sedimentary patterns can
each be interesting, but none alone proves biology. Nonliving

chemistry can produce surprisingly sophisticated structures.

A potential biosignature is a clue that deserves investigation. To
become persuasive, it must survive attempts to explain it through
nonbiological processes and, when possible, be supported by
independent observations. Mars presents a special challenge
because samples are studied under harsh conditions by remote
instruments. Even a beautiful discovery may raise more questions

than it answers.

This distinction matters beyond planetary science. Readers
encounter headlines that convert possibility into certainty. A
responsible explanation keeps separate the phrases 'might have

been habitable,' 'contains intriguing chemistry' and 'shows that life
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existed.' The difference between those claims is not dull caution. It

is the foundation of credible discovery.

Something to Try

* Find a science headline and identify which sentence is a measured

observation.

* Write a version of the headline that makes the uncertainty clear.
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CHAPTER 15/ 02

Communication Across
Space

A rover cannot be driven as if it were a toy car in the next room.
Radio signals take time to travel between Earth and Mars, and the
delay changes as the planets move in their orbits. Mission planners
therefore send sequences of instructions, monitor spacecraft health
and allow onboard software to handle some immediate choices. The
question is not simply how clever a robot is, but what kind of

decision can safely be delegated when its operators are far away.

Autonomy is especially useful when the machine encounters a rock,
shadow or uncertain slope. Sensors and navigation software can
evaluate options faster than a command can return from Earth. Yet
even good autonomous systems have limits, and a rover needs
carefully defined safety constraints. Engineers balance ambition

against the risk of losing irreplaceable scientific equipment.

The same lesson applies to ordinary technology: a useful system
distinguishes between tasks it may perform independently, events
requiring an alert and decisions that must be reserved for people.
Mars makes the stakes dramatic, but the principle is familiar in

hospitals, warehouses and transport networks.
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Something to Try

* Draw a diagram showing a command sent from Earth, its delay,

and a rover's response.

* Identify one household technology that needs a safe fallback when

its connection fails.
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MCHILS BOOKS / ILLUSTRATED EDITION

FROM IDEA TO ACTION / 03

A PRACTICAL PA

Frame a question

Study the terrain

Test the evidence

Report uncertainty

Discovery on Mars begins with questions, not conclusions.

BOOK 02 - MOHAMMAD BOKHARI

ORIGINAL VISUAL EXPLAINER * FREE EDITION
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CHAPTER 16/ 02

A Home Away From Earth

A future human outpost on Mars would be a complex ecosystem
rather than a collection of dramatic domes. It would need
dependable air, water, food, power, medical care, waste treatment,
shelter and communications. The cold, thin atmosphere and
radiation environment would make routine maintenance an
essential part of survival. The least glamorous components may be

the most important: filters, seals, storage systems and spare parts.

A settlement would also be a social experiment. A group isolated for
months would need transparent rules, conflict resolution, rest,
privacy and shared responsibility. Technology could make life
possible while human cooperation determines whether daily life is
bearable. Decisions about limited supplies would combine

engineering, ethics and leadership.

Readers sometimes ask whether humans should try to live on Mars.
That question invites several answers rather than a simple slogan.
Exploration can inspire science and new engineering capabilities. It
also demands resources and exposes people to considerable risk. A
serious discussion should recognize both the ambition and the

obligation to care for Earth, the planet that already sustains us.
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Something to Try

* Design a Mars habitat budget with categories for water, energy,

healthcare and repair.

* Propose a fair process for resolving a disagreement over a scarce

resource.
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CHAPTER 17 / 02

A Sol on Mars

The patient work of robotic discovery

A Martian day, called a sol, is slightly longer than an Earth day. For
a rover team, that small difference complicates schedules: the
natural working clock can drift relative to life back home. The rover
itself must survive a place with little atmospheric protection,
persistent dust, cold nights and communication delays that rule out
joystick driving in real time. Engineers therefore write a sequence
of goals and checks, then allow the machine to carry out safe
portions of its route while storing information for later

transmission.

Imagine a science team choosing between two rocks. One is bright
and visually striking. The other is plain, but lies in a layer that could
preserve a much older history. The scientifically stronger target is
not necessarily the photogenic one. Investigators ask which rock
has a clear geological context, whether its minerals could record
interaction with water, whether dust has altered its surface, and
what instruments can meaningfully test it. The answer comes from

disciplined evidence, not an exciting guess.
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A rover is not a lonely hero; it is the visible end of an enormous
cooperative effort. Engineers design wheels and power systems,
navigators evaluate terrain, scientists debate interpretations,
software teams test commands, and communications networks
carry data across space. The machinery gives us reach, but
knowledge comes from people willing to be corrected by what the

instruments reveal.

Try It Yourself

* Choose a photograph of Martian terrain from a mission archive.

List what is visible before suggesting an explanation.

* Write two competing reasons that might explain a feature, and

name the observation that could distinguish them.
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CHAPTER 18/ 02

Water, Rocks and the
Search for Life

Finding a promising place is not finding a living organism

Water matters because known life depends upon it. Ancient
channels, sediments and minerals can help scientists reconstruct
environments that once held liquid water. But water alone does not
prove that organisms existed. Scientists must consider energy
sources, chemistry, duration, and whether a finding might have
arisen through nonbiological processes. A clue becomes stronger
when independent forms of evidence point toward the same

explanation.

The distinction between habitability and life is essential. A location
may have contained conditions suitable for some forms of life
without ever hosting them. A chemical signature may be intriguing
without being uniquely biological. This is why responsible mission
reports describe both the possibilities and their limits. The search
for past microbial life is one of the most exciting scientific projects
of our era precisely because a convincing conclusion would require

patience, rigorous comparison and careful skepticism.
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Sampling adds another layer of responsibility. A sample's location
and handling history are part of its scientific meaning.
Contamination could blur the distinction between material from
Earth and material from Mars. Planetary protection practices seek
to reduce that risk while supporting legitimate exploration.
Curiosity deserves the same seriousness as the evidence it hopes to

discover.
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CHAPTER 19/ 02

Human Life Beyond the
Spacecraft

A habitat is a community, not merely a machine

A human mission to Mars requires far more than arriving safely.
Crews need reliable supplies of air and water, energy, food, medical
care, spare parts and shelter. They also need sleep, privacy,
meaningful work, friendship and a fair process for resolving
disagreements. A technically successful habitat could still be
psychologically dangerous if its people are exhausted or unable to
report concerns. On Earth, resilient communities thrive through

both infrastructure and trust; that remains true far from home.

Because resupply is slow and uncertain, designers explore how to
recycle water, maintain equipment, grow or preserve food and
replace failed components. Every system creates trade-offs. A
highly efficient machine may be difficult to repair. A lightweight
design may sacrifice redundancy. An automated process may free
crew time while leaving people uncertain about how it behaves
under unusual conditions. The best design is not the one with the
most impressive dashboard; it is the one whose failures can be

detected, explained and managed.
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Human exploration should also be honest about who performs
invisible work. Mission success depends upon technicians, cleaners,
logistics coordinators, medical planners and people supporting
families during long separations. Exploration becomes a shared
achievement when those contributions are recognized instead of

hidden behind a heroic photograph.

44



MCHILS BOOKS | FREE READING LIBRARY

CHAPTER 20/ 02

Building a Mission Without
Building Myths

Distance changes every decision

A fictional mission planner proposes carrying enormous tanks of
fuel, a complete greenhouse, a hospital, construction tools,
scientific laboratories and enough luxury items for comfort. Every
proposed addition seems reasonable in isolation. Together they may
make the mission impossible. Real design begins by distinguishing
what is essential, what can be reused, what can be produced locally

and what must have a backup.

Communication delay is another constraint. Messages between
Earth and Mars take minutes rather than arriving instantly, with
the delay varying as the planets move. Crews and equipment
therefore need local authority for some decisions and well-tested
procedures for emergencies. A remote command center can provide
advice, but cannot act as though it is in the next room. Autonomy in
this setting is not independence from responsibility. It is a careful

distribution of responsibility across people, machines and time.
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Budgeting also has an ethical dimension. Exploration competes with
urgent needs on Earth, and it can generate useful knowledge, tools
and inspiration. Instead of using a slogan to end the debate, citizens
should ask what benefits are plausible, what costs are transparent
and whether the project advances cooperation and public
knowledge. The right discussion weighs opportunity costs without

treating curiosity as a luxury that has no social value.
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CHAPTER 21/ 02

The Planetary Protection
Dilemma

The right to explore meets the duty to protect

Imagine that explorers discover a region where conditions might
preserve ancient biological evidence. An excavation could answer
valuable questions, but it might also disturb a fragile record. Should
the mission proceed immediately, wait for better instruments or
leave the site untouched? The question resembles environmental
choices on Earth: the ability to enter a place does not automatically

justify altering it.

Careful exploration requires scientists, engineers, policymakers and
the public to debate acceptable risk before a crisis. It also requires
international cooperation. Mars does not belong to the first team to
photograph a valley, and the benefits of knowledge should not be
restricted to a small group because it owns a launch vehicle. Rules
for responsible research can protect scientific access while

discouraging careless contamination and needless conflict.

The most mature spacefaring civilization may not be the one that

travels farthest. It may be the one capable of acting with restraint
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when restraint preserves the possibility of learning more tomorrow.
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CHAPTER 22 /02

Your Mission Design
Notebook

A project for curious readers

Design a small robotic mission that asks one scientific question.
Begin with the question rather than the hardware: 'How did a
particular landscape form?' is better than 'Can we land the largest
rover?' Choose three observations that could help answer it. Then
list what your instrument might fail to detect, what would count as
an uncertain result, and how you would communicate that

uncertainty to the public.

Next imagine the mission encounters a promising discovery but has
power for only one more experiment. How will you choose?
Consider scientific importance, risk, time, and whether the result
could be checked later. Write a paragraph explaining the decision
to a young student and another to a mission scientist. The facts

should remain the same even when the vocabulary changes.

For reliable starting material, explore NASA's Mars science goals at
https://science.nasa.gov/planetary-science/programs/mars-explorati

on/science-goals/ and the NASA Jet Propulsion Laboratory Mars
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missions overview at https://www.jpl.nasa.gov/topics/mars/. These
resources describe ongoing questions and missions. Always check
their current status rather than assuming that a mission plan is

fixed forever.
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CHAPTER 23/ 02

Editorial Note

Space mission activities and schedules are subject to change. This
October 2026 educational edition is independent and is not
endorsed by NASA.
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[llustration and Editorial
Notes

Nlustrations in this edition are original Al-generated artistic
interpretations intended for education and storytelling. They are
not archival photographs or documentary evidence. Historical dates
and claims should be checked against the primary sources and

references identified in the text.

The nonfiction volumes are introductory overviews, not specialist textbooks.
Medicine and technology sections are educational, not professional

instructions.
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