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Abstract

During this 2020-21 course, the students from 4" EPO (Elementary School) have continued working
on the field of Astrobiology, as they did in the previous course. This annual project tries to answer the
question: "What is the future of life on Earth and beyond?" In order to respond, the planet Mars has
been chosen to show how we could colonize it and survive on it. Climatic adverse effects from our
planet have been used to study how to deal with them and how to take advantage of Martian
conditions to survive.

"Areonauts!” " is a previous comparative theoretical study of the astronomical, geological, climatic and
magnetic characteristics of Earth and Mars, as well as the evolution of these over time. The
preparation of this study could serve as a travel guide to future manned missions. This study could
inform the future Martian astronauts: "Areonauts", about the factors that must be taken into account
before embarking for Mars and making an “amartizaje”.

After each session (theoretical or experimental), we created with the students podcasts that were
broadcast on Canal Sur radio and on the different social networks (Facebook, Instagram, Twitter,
school website) giving their widest dissemination.

With regard to the curricular aspects, an UDI (Integrated or Globalized Didactic Unit) was created on
the central theme, the Astrobiology, already studied in previous courses; where it is justified the
multidisciplinary work, as well as the fidelity of the official curriculum.

1. Introduction

Astrobiology is a multidisciplinary science, covering all subjects of science, and has provided us with a
source of educational resources, attractive and very motivating for our students. In the words of Marin
(2016) "astrobiology: the whole is more than the simple sum of the parts".

This science is considered a term that describes a new paradigm, and according to NASA's
Astrobiology Institute ( NAI?) Roadmap, it addresses three fundamental questions: How did life begin
and evolve? Is there life elsewhere in the universe? What is the future of life on Earth and beyond?

Obviously, to try to answer these questions requires an interdisciplinary approach, "pedagogical
strategy that involves the interaction of several disciplines, understood as the dialogue and
collaboration of these to achieve the goal of a new knowledge", (Van del Linde, 2007). Going a little
deeper would even become a transdisciplinary approach, "a process that allows the emergence of
new fields of knowledge from the dialogue of disciplines" (Morin, 1984).

That is why we integrate the stages of the scientific method in the curriculum to investigate and
respond to the questions posed as indicated in the Order march 17, 2015, which develops the
curriculum corresponding to Primary Education in Andalusia and determines the basic learning for
each curricular area.

The first two questions raised by the NAI were addressed by these same students in two projects in
previous years. In the current school year in 4th EPO, we work on the last question, what is the future
of life on Earth and beyond. To do this, we take the planet Mars as a reference and investigate how to

! In Roman mythology, Mars, in Latin Mars, had many attributes, among them he was the god of war. He was identified with the
Greek god Ares. Mars named the fourth planet in the solar system. Just as the "geography" of Mars is known as areography,
the areonauts (word created by our group) would correspond to the astronauts who will visit, in the near future, the red planet.
(Source Wikipedia).

2 Nasa Astrobiology Institute. Web https://astrobiology.nasa.gov/nai/


https://astrobiology.nasa.gov/nai/

colonize it and survive on it. Starting from the adverse climatological effects of our planet we see how
to face them, how to take advantage of the Martian conditions to survive.

The realization of a research project with primary school students requires, in our opinion:

a. A theme that allows to develop part of the curriculum and does not suppose an overexertion
for the students.
b. An approach that would be attractive.

"The Areonauts” consists of a previous comparative theoretical study of the astronomical, geological,
climatic and magnetic characteristics of Earth and Mars and their evolution over time. The preparation
of this study could serve as a travel guide to future manned missions and could explain the future
Martian astronauts: "the areonauts"”, the factors that they must take into account before embarking on
a way to Mars and making a landing.

The second part of the project consists of a series of practical experiences that include aspects such
as greenhouse gases, magnetic field, UV radiation... so that our students can better understand the
abstract concepts that have appeared during the comparative study.

Through the realization of this project we have had the opportunity to reinforce the following curricular
concepts of social and natural sciences:

1. Living things, vital functions and ecosystems

2. The atmosphere and the geosphere

3. Landscapes, relief and soil

4. Climate, greenhouse effect and climate change

5. Health and exposure to the Sun

6. Forces: batteries, magnetism and gravity

7. Machines types, operation and electric motors

After the analyses carried out in previous courses with educational projects focused on integrated or globalized
didactic units (UDI), it has been possible to verify that the teachers perceived that it is important that
interdisciplinary interventions are raised within the framework of a global project to improve the learning process
of students. They also corroborated that, to ensure effective work, the work process must be planned in advance,
collaboratively, and there must be permanent communication and awareness of belonging to the educational
center on the part of teachers (De Ojeda, 2012). For all these reasons, a UDI of the project that we present in
Annex Il was created.

One of the main objectives of the project was the dissemination of everything learned, therefore we
thought that it would be appropriated to make podcast episodes to transmit all that information. The
members of the research group themselves were announcers of the episodes created and that were
published in different social networks and retransmitted weekly on Canal Sur Radio (See Annexes IV
and V).

2. General view

Astrobiology is the study that aims to give answers to questions such as whether or not there is life on
other planets. To date, there is no definitive proof that life has or had in past times existence from
beyond Earth, but it is important to realize that this is still an open question. Everything we know about
life, as we understand it, comes from study on our planet. Therefore, it will be necessary to study
terrestrial life, to obtain more information about where and how to look for life beyond our own planet.
Recent discoveries about life forms in extreme environments have renewed scientists' interest in
searching for extraterrestrial locations. Astrobiology introduces students to some intriguing questions
about the universe and gives them the opportunity to explore the topics related to the search for life
beyond their own planet using some of the same strategies as the scientists.

In session 1, participants begin with a topographic study. They study the internal structure of the
Earth and the nearest planet, Mars. Subsequently, to complete this study, they are asked to make two
models of the interior of these planets.



In session 2, the students investigate the structure and composition of the atmospheres of The Earth
and Mars and reflect their knowledge in models made this time with cardboard.

In session 3, we investigated greenhouse gases and how these gases could help to soften Mars'
climate.

In session 4, we investigate the terrestrial ozone layer and its protective function. In addition, we
analyze how UV rays can cause damage to the eyes and skin.

Session 5 complements the study on the importance of the ozone layer by manufacturing a silica
aerogel film, which acts as an absorbent of UV radiation.

In session 6, students study the concept of magnetism and magnetic field. In the laboratory we
simulated the existence of a magnetism-generating core on Earth by introducing a magnet and a ball
of porexpan and observing its effect on iron filings.

In another model, we simulated the supposed progressive disappearance of the Martian magnetic
field. In order to do this, in a ball of porexpan, we detach the magnet that has initially been inside and
attracted iron filings. The absence of the magnet causes that the filings separate progressively and
began falling from the surface.

In session 7, we investigated the presence of liquid water on Mars through the observable differences
in the craters that meteorites produce in dry and waterlogged terrain or even under the sea. The
intention of this activity is that the students try to give an explanation regarding Martian areas that, in
appearance, hardly have meteorite impacts or were aquatic areas (seas, oceans) in the past?

In session 8, we look back at life on Mars. Due to the existence of a controversial article speculating
on the existence of fungi on Mars, we investigated the effects of UV radiation on mold. It is about
carrying out in situ experiences in which pieces of bread that have proliferated fungus are submitted
with the help of a UV lamp. After subduing the surface of the contaminated bread, it will be observed if
they continue to grow.

On February 18" of this year, we could see (the students see it each one in their homes) on television
or the NASA website, how the Perseverance Mars 2020 Rover made the entry, descent and landing
(EDL) on Mars. It was the words of NASA Acting Administrator Steve Jurczyk: "For those who are
wondering how to land on Mars, or why it's so difficult, or how cool it would be to do it, they don't need
to look any further"; that made us to think about introducing the latest activity. In session 9 we
conducted a study on the design of vehicles that achieve a safe landing of future areonauts and the
importance of managing a budget when carrying out a space mission. It is an activity carried out by
the University School of Aeronautical Technical Engineering Polytechnic University of Madrid in the
2006-07 academic year aimed at all educational levels. We adapted it for our primary school students
where our purpose was focused on raising the difficulty of landing with success using the minimum
material and a low cost budget.

3. Development
Objectives of the proposal

The objectives that we have set in this project are:

¢ Study the structure of the Earth and the characteristics and functions of the Earth's atmosphere.

e Compare Earth to the inner planet closest to it, Mars.

¢ Understand how climatological factors make up the surface of the planets.

e Investigate the concepts of forces and energy and their different types.

¢ Study the characteristics of living beings and the conditions necessary for life.

¢ Investigate how human knowledge has made it possible to create machines that make our lives
easier.

¢ Disseminate everything learned through podcast episodes published on social networks available
and broadcast on Canal Sur Radio weekly.



Secundary Objectives

e Learn using the scientific method.

e Introduce students to the study of astronomy.

e Incorporate the most recent scientific discoveries into the primary curriculum using articles on the
subject of work published in current scientific journals.

e Use a research based on learning approach that encourages teamwork and interest in science
careers.

e Probe their opinions on the possible existence of extraterrestrial life, and develop a working
definition of what it means to be alive.

e Theorize about places in the universe, such as Mars, that meet the requirements for life.

e Use podcasts as a content strategy to ensure that the audience feels more connected to the
group of students, opening a new channel of communication between them and the public.

4. Theoretical frame

Astrobiology is the study of life in the universe, with an interdisciplinary and multidisciplinary approach.
They mix diverse disciplines: astronomy, physics, environmental sciences, geology, chemistry and
biology.

This multidisciplinary science raises three essential questions: How does life begin and evolve? Is
there life beyond Earth? and if so, how can we detect it? And finally, what is the future of life on Earth
and in the universe? (Des Marais et al., 2008). The field of astrobiology began in 1996, when NASA
held its first meeting, it focused on astrobiology as an exoplanet program, where it was about the
search for planets like Earth with habitable zones. Scientists began to see the importance of an
interdisciplinary approach to understanding life on other planets, especially motivated by the most
debated interpretations such as, for example, meteorites from Mars could suggest the existence of life
on other planets and the images provided by spacecraft, interpreted indications of ice on Jupiter's
satellite, Europe. The National Institute of Astrobiology (NAI) was created by NASA in 1998 to provide
supervision and a virtual meeting space for scientists from around the world (Hubbard, 2008). The
success that the United States has had in astrobiology can serve as a roadmap for the rest of the
world that can continue in that line. There is reason to believe that astrobiology education has not
been so progressive. More recently, in an NAI briefing note for the Meeting of the Subcommittee on
Planetary Sciences in September 2014, the committee commented that much remains to be done in
relation to astrobiology in education at the K-12 level (designation used in some education systems for
primary and secondary schooling), teacher training and higher education. ~

Didactic Justification

Educational transversality enriches the formative work in such a way that it connects and articulates
the knowledge of the different learning sectors and gives meaning to the disciplinary learning,
establishing connections between the instructive and the formative.

The interdisciplinary approach of astrobiology favors the exploration of many transversal concepts,
such as energy and electrons, extremophiles and extreme environments, the evolution and
reproducibility of life, water and other liquids are addressed using various frameworks.

Scientists look for patterns of cause and effect and ask questions such as "If we had to look for life
elsewhere, how could we recognize it? What form would it take? "These kinds of questions about life
have changed our understanding of life and helped scientific advancement. In 1977, when scientists
discovered at the bottom of the ocean volcanic vents filled with never-before-seen life forms, they
began to understand that chemosynthesis was as important as photosynthesis (Jannasch, 1998);
chemosynthetic organisms such as those that inhabit these vents obtain the energy needed to survive
from geothermal energy rather than the sun's energy.

Today, scientists question other types of concepts when studying the depths of the sea.



Victoria Orphan® studies isotopic biosignatures in derived methane carbonates formed from the
anaerobic oxidation of methane by living things. In his research she tries to answer questions such as,
"Is there evidence of viable microorganisms inside carbonate...? Does the diversity of carbonate
microbial communities present a different organization between active and inactive SEEP sites? How
fast is the change in the community?" (Orphan, 2014). Her research is based on the study of the
succession and nature of microbial communities in Colorado, California and Oregon. The advantage
of studying microbes in extreme environments is that students perceive the collaborative, progressive,
and interdisciplinary nature of science and its influence on society.

Notable differences in the way that different scientific disciplines advance lead to the question, "How
do scientists do science?" This can be easily checked either at the micro or macro level using NASA
resources. Scientists explore life by traveling to the Galapagos seafloor or the coldest part of
Antarctica.

Astrobiology supports the three dimensions of learning listed in the Next Generation Science
Standards (NGSS?), a set of guidelines that seek to improve student performance in disciplines
STEM®. The first of the dimensions focuses on the realization of practices and the use of the scientific
method. The second one is the study of cross-cutting concepts. The third one is the study of the core
concepts of each discipline.

Similarly, astrobiology also provides the opportunity to be used at all educational levels; its application
can vary from simple to complex and can be extended to the humanities, when addressing ethics and
other sociological issues.

5. Sequentiation
Theoretical sessions

¢ Internal structure of Earth and Mars.

e The Terrestrial and Martian atmospheres.
e The terrestrial and Martian climates.

e Water on Earth and mars.

e Planetary magnetism.

e Living beings: The fungus.

e The machines.

Experimental sessions

e “Terraform Mars 1", how the artificial greenhouse effect, being harmful on Earth, can favor the
Martian climate.

Importance of having an ozone layer on Earth unlike Mars.

Effects of UV radiation.

"Terraform Mars II", the silica areogel.

Planetary magnetism: To have or not to have, that is the question.

Where is the Martian water? Landscape, water craters.

A black mushroom on Mars.

Design of low-cost Martian structures.

8 Victoria J. Orphan is a geobiologist at the California Institute of Technology who studies the interactions between marine
microorganisms and their environment. Since 2020, she is the president of the Center for Environmental Microbial Interactions.
(Source Wikipedia)

4 Next Generation Science Standards is a multi-state effort in the United States to create new education standards that are "rich
in content and practice, organized in a coherent manner across disciplines and grades to provide all students with an
internationally referenced science education." (Source Wikipedia)

5 Acronym for science, technology, engineering and mathematics.
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Comunicational sessions (Podcast)

¢ Episode 1: The Earth, its inner layers and its atmosphere.

o Episode 2: Mars, its inner layers

o Episode 3: The Martian atmosphere

o Episode 4: The climate on Earth

¢ Episode 5: The Martian climate

o Episode 5-B: Differences between terrestrial and Martian climate

o Episode 6: Atmospheric evolution

¢ Episode 7: Pollution, greenhouse effect and climate change

e Episode 8: The traces of water

¢ Episode 8-EXTRA: 28-F day of Andalusia, Andalusian talent in the conquest of space
o Episode 9: 8M-International Women's Day. "With A of Astrobiologs"
o Episode 10: Terrestrial and Martian Magnetic Fields

o Episode 11: What living things on Earth could survive on Mars?

o Episode 12: "Martian Airs" Episode 13: "A Black Mushroom on Mars"

Sessions development

SESSION 1
The internal structure of Earth and Mars

Contents
The internal structure of Earth and Mars

Compare the structure of Earth and Mars, coming to understand what kind of geological phenomena
occur on Mars

Experiment
Recreate the inner layers of each planet with plasticines of different colors. Make your model

proportionally; notice that there are thicker layers than others.
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Results and conclusions
Theoretical session where the models created by the students favor the acquisition of the topographic
knowledge of both planets.




SESSION 2
The atmospheres

Content
The atmospheres

We want to compare the atmospheres of Earth and Mars. In this way, we will come to understand the
importance and effect of the atmosphere on the surface of each planet, for example what atmospheric
phenomena occur, the presence of meteorite craters, the possibility of life, etc.

Experiment
Investigate the network and indicate the atmospheric composition of each planet.

Model both atmospheres: drawing and 3-D

Results and conclusions
Like the previous session, it is theoretical, where the models created by the students themselves favor the
acquisition of atmospheric knowledge of both planets.

In addition, the search carried out by them in the network, expanded the knowledge in the compositions

being able to compare both atmospheres and raise the possibility of life in the Martian.




SESSION 3
Climates

Contents
Compare the climates of the two planets.

Experiment
Extract from different items provided, the differences between the climates of the two planets.

Complete and answer

Trace in different images of the Earth and Mars the different climatological zones.

Nup

Results and conclussions

After the search for concrete data related to the climates of both planets, the factors involved in the
climate are recognized and some of them could not exist on Mars.

What caught their attention was knowing that Mars also has seasons of the year. Also the hurricane winds

that occur on the surface and the impossibility of producing precipitation as on Earth.
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SESSION 4

"Terraform Mars I", how the artificial greenhouse effect, being harmful on Earth, can favor the
Martian climate

Importance of having an ozone layer on Earth unlike Mars. Effects of UV radiation

Contents

The temperature on Mars ranges from 20°C at the equator in summer to -80°C as a night minimum. The
reason that the surface of Mars is colder than the Earth is due to its greater distance from the Sun and
that it does not suffer from the greenhouse effect.

In the absence of greenhouse gases, a planet's surface temperature depends on the amount of heat it

receives from the Sun, and this in turn depends on the distance that separates them.

Mars would be the most suitable candidate for "terra-transformation” if it were not for the fact that it lacks
sufficient carbon dioxide.

Experiment

Let's look at the plastic beads comparing with the color chart to check the hue before experimenting. Let's
place the UV (ultraviolet) beads in a petri dish or table.

Cover the plate with some kind of transparent plastic cover. Let's apply a thin layer of sunscreen to the
plastic cover.

Before illuminating the beads with the ultraviolet lamp, discuss your predictions in your group Turn on the
UV lamp about 8 cm above the plate for 60 seconds. Caution: DO NOT direct that light to anyone's face.
Let's remove the plastic cover and compare the hue of the UV beads using the color chart.

Use as a protector, now, sunglasses and different types of fabrics. Observe in each protective element, if

there are changes in the tonality.
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Results and conclussions

In the first experiment that was carried out in this session, it is concluded that the temperature rises more
quickly with gases such as CO2 or butane, gases that favor the greenhouse effect, but also, how these
gases could help to soften the climate of Mars.

With the second experience, we made radiation exposures in small plastic beads that changed color.
They were able to observe that, if we protected it with a layer of sunscreen, there were no changes in the
colors of those beads when they were subjected to radiation again. Subsequently, we protected those
beads with different tissues, with better results (fewer color changes) with those reflective.

For all these reasons, it was possible to have an idea of how the next colonizers should be protected.

SESSION 5

"Terraform Mars II", the silica aerogel

Content
The terraforming of Mars is a hypothetical process with which the climate, surface and known qualities of

the planet Mars could be deliberately conditioned with the aim of making it habitable by humans and other
terrestrial life. Likewise, this would give the conditions of security and sustainability to a possible human
colony in large portions of the planet. This would require two major interrelated changes: building the
atmosphere and heating it. Since a denser atmosphere of carbon dioxide and some other greenhouse
gases would trap solar radiation, the two processes would reinforce each other.

Experiment
In two glass containers of the same size we close them with film paper.

We deposit in the lid of one of them crushed silica aerogel.
We measure the interior temperature of each container in time frames.

12




Results and conclusions

It complements the study of the previous session on the importance of the ozone layer by manufacturing a
silica aerogel film, which acts as an absorbent of UV radiation. After making a temperature record table for
one hour with the assembly that appears in the previous images, graphs are made, observing that the
presence of silica aerogel in the lid causes the temperature to rise more quickly than if that substance is
not available.

With these results and conclusions, the reading and analysis of the scientific article that we included in
the session becomes more understandable.

The question remains unanswered, for now: How is it possible to add silica aerogel in the poor
atmosphere of Mars to allow the temperature to rise in addition to filtering the dangerous UV radiation?
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SESSION 6

Planetary Magnetism: To Have or Not to Have, That's the Question

Contents

Until the middle of the twentieth century terrestrial magnetism seemed to be a happy accident of nature. It
was necessary to correctly fix too many factors: the fluid center of the Earth, its electrical conductivity and
its movements, everything had to satisfy the strict demands of the theory of dynamo. This was before
other planets in the solar system were visited and examined. We now know that among those planets only
Venus is devoid of magnetism.

Planets differ to much in size and properties, and their fields also differ. But they all appear to have
dynamo fields or (in the case of Mars and the Moon) have had them in the past.

Experiment
In two polyespan balls of different sizes we will simulate the Earth and Mars.

We equatorially cut both spheres and introduce into their cores two thick screws in which we have
wounded a protected copper cable.
We will extract the ends of the wires for each pole of the spheres.
We will connect the ends with a battery.

Sprinkle iron filings on the surface.

In the case of the Mars model, we will interrupt the battery circuit.
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Results and conclusions

After simulated in the laboratory the existence of a core generator of magnetism on Earth, and the
progressive disappearance of magnetism in the Martian model, we remove the magnet from its interior
and the following conclusions are reached:

The absence of the magnet causes the filings separate progressively and fall from the surface.

Parts of the filings continue with magnetism even without the inner magnet. Hence, it has been possible to
collect samples on the Martian surface that remain magnetized. That gives us an idea of this planet's past.
Once the simulation is finished, the students are informed of the advantages of having a magnetic field on
a planet and how solar winds, without this field, can weaken the atmosphere making it more tenuous, as
it's the case of Mars.

SESSION 7

Where is the Martian water? Landscape, water craters.

Content

Water is essential for life. The studies that have been carried out actually indicate that there is currently no
liquid water on the surface of Mars, but what about in the past? What elements on the surface of the
planet should we stop at to find out if there was liquid water in the past? The Martian orography and the
existence of certain types of rocks show us that liquid water ran along the surface of the planet.

Experiment

) We look at images of the land and Martian surfaces.

. We model impact craters on different surfaces: sand, compact earth, clay soil. We differentiate in
each box of these, a dry part and a moistened one.

. We drop in each box and in each part, an object simulating a meteorite. We will write down the
results in the way caused by the impact.

. We model craters of aquatic impacts. In a container with a sandy bottom and covered with water,

we drop different objects.
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Results and conclusions

Once made different models through the observable differences in the craters that meteorites produce in
dry and flooded terrain or even under the sea. The students do not doubt that the presence of water
cushions the impacts.

This conclusion will explain why in images of the mapping of the Martian surface, there are places that are
smooth with hardly any presence of meteoritic impacts.
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SESSION 8
A black mushroom on Mars

Content

A controversial study said that the rounded and scattered shapes that appear on the floor of Mars in
certain photographs could be fungi of the Lycoperdon type. In parallel, a recent study has exposed four
microorganisms to mars conditions that they reach by launching them into the stratosphere.

Under these conditions it has been proved that the black fungus of vegetables would be able to survive on
Mars.

Experiment
We prepare a mushroom crop. To do this in a container, we will put different foods that present fungi

(mold).
Once we see that they have proliferated, we will separate half of them and house them in another
container. The rest will remain in the initial container (CONTROL Kit).

We will subject the second container to UV radiation using a UV lamp.

Results nad conclusions
For two days, 24 hours, a piece of bread containing black mold was submitted with U V light. From the
third day, the bread began to be toasted. It could be observed that the fungus continues to grow and
reproduce.

This experience makes us think that these types of microorganisms are so resistant that they could
survive temporarily on the Martian surface during the day when ultraviolet radiation is very high.
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SESSION 9

Design of low-cost Martian vehicles

Content

At the moment none of the missions, that have managed to reach Mars, have been manned. One of the
challenges, that future manned missions will have to overcome, is landing. Mars' tenuous atmosphere is
challenging as it makes it difficult to use certain braking systems, such as parachutes.

Experiment
They must drop a raw egg to the ground from one meter high and it should not be broken. It is
recommended that this dynamic is carried out on grass and not on a harder surface. To do this, we use

the creativity and knowledge of all the participants of the team. It is advisable to form groups of four to five
members.
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6. CONCLUSIONS

Comparative study of the characteristics of Mars and Earth

Ongoing research assesses the potential habitability of Mars in the past, as well as the possibility of
the current existence of life.

Since the Mariner 4 probe in 1965 transmitted the first photographs of Mars, there are many missions
that have obtained valuable information about this planet. We currently know that:

¢ The Martian year has 321 days and 7 Earth hours or 668.6 Martian days.

¢ As on Earth, the Martian equator is tilted with respect to the plane of the orbit at an angle of
25.19°, therefore, on both planets there are seasons. The difference between its durations is
greater because the eccentricity of the Martian orbit is much greater than the Earth's.

e The density of Mars is lower than that of Earth and its gravity is 38% of Earth's gravity.

e The structure of Mars, like that of Earth, is apparently formed by a metallic core. The core is
covered on both planets by a thicker mantle and finally both have a crust being the Martian crust
slightly thicker than the Earth.

* The elements that make up the core of both planets are thought to be iron and nickel.

* While on Mars, the most abundant metallic elements in the crust are iron, magnesium, aluminum,
calcium and potassium; on Earth they are silica, aluminum, iron, calcium and sodium.

¢ Although there is no evidence of a magnetic field on Mars, parts of the crust show evidence of
having been magnetized in the past, suggesting that at some point there was a magnetic field. In
contrast, the Earth maintains an active magnetic field.

e The Martian crust is made up of a single tectonic plate while the Earth's is made up of about 16
plates.

¢ On the surface of Mars is the largest volcano in the solar system, Olimpus Mons. Although it
seems that volcanic activity on Mars ended 1 million years ago, there is still a slight seismic
activity. The Earth is still geologically very active.

e The surface of Mars does not have large mountain ranges like those of Earth, but it features
impact craters, lava fields, volcanoes, dry riverbeds and sand dunes.

e The atmosphere of Mars is very tenuous, with a surface pressure of only 7 to 9 hPa compared to
1013 hPa in the Earth's atmosphere.

e The atmospheric composition of the red planet is mainly carbon dioxide (95.3%) and nitrogen
(2.7%). On Earth the most abundant gases are nitrogen (78%) and oxygen (21%). The ozone
content is 1000 times lower than on Earth, so this layer, which is 40 km high, would be unable to
block ultraviolet radiation.

e The Martian atmosphere is dense enough for strong winds and storms. Sometimes these can
span the entire planet for months. These winds lift the sand from the surface which reduces
luminosity and visibility at ground level.

e Liquid water cannot exist on Mars due to low atmospheric pressure. At present, the existence of
seasonal water that comes from the melting of the polar ice caps has been observed.

e The Martian temperature is highly variable due to the existence of a very tenuous atmosphere.
Daytime highs, at the equator and in summer, can reach 20 °C or more, while nighttime lows can
easily reach -80 °C. On Earth the minimum temperature recorded has been -89.15 °C and the
maximum 56.7 °C, the average is 14.05 °C

¢ Regarding the climate, due to the eccentricity of its orbit, currently the Martian northern
hemisphere enjoys a more benign climate than the southern hemisphere. The northern
hemisphere has short and relatively mild autumns and winters. Spring and summer are long, but
colder than those in the southern hemisphere. For the southern hemisphere the situation is the
reverse; there is thus a partial compensation between the two hemispheres.

¢ On Earth, the climatic differences between the two hemispheres are due to the distribution of
oceans and continents. In the northern hemisphere, land and ocean cool at different speeds: the
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land warms and cools much faster. In addition, there are more mountains that act as barriers for
storms and aggressive winds.

Experimental study

The data collected in the theoretical study were studied experimentally in the laboratory.

e Models were made with plasticine to compare the internal structure of Mars and Earth.

¢ Also using cardboard, models of the atmospheres of both planets were built.

e Using bottles filled with different gases and water, it was tested how the composition of the
atmosphere is a determining factor of the temperature of a planet. In addition, we demonstrate
how by increasing the content of various gases in the atmosphere of a planet we can vary its
average temperature.

e Using pearls sensitive to ultraviolet light, the students were able to verify the damage that this
radiation can cause to our skin and our eyes and hence the importance of protecting ourselves.

e How the edges of meteorite craters can provide evidence of the existence of liquid water in
ancient times.

¢ Magnetism and gravity.

e Machines.
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