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Introduction

Mars fascinated humans long before we even realised what it was, and before we managed to reach it with spacecraft. Ancient civilisations placed this brown-red dot in the night sky into the category of a ‘wandering star’, originating from the Greek phrase aster planetes. In comparison to the other bright points of light in the sky, it seemed to move across the weeks and months. In time, Mars and similar ‘wanderers’ (Mercury, Venus, Jupiter and Saturn) became known collectively as ‘the planets’. For as long as humans have gazed up at the night sky, depending on the time of year and the weather, each of these planets has been visible to the naked eye.

As you’ll learn from the first chapter of this book – History of Exploring Mars – its colour, interesting motion in the sky, and the way it changes in brightness has made Mars the subject of mysteries, superstitions and inspiration for thousands of years. By the time huge telescopes were being built in the 19th century, astronomers could discern features on the planet’s surface that have inspired countless stories and media surrounding Martians and invaders from another world. This part of the book ends by bringing the exploration of Mars up to date with tales of robotic explorers that have flown by and around Mars, landed on it, dug into it and more.

The second chapter of this book – Mars Characteristics – is primarily a quick reference guide to the features of Mars, including a summary of our current understanding of how the planet formed and evolved. It also contains a Mars atlas to help find your way around the planet when looking at images either captured by large telescopes or from spacecraft that have reached Mars. The section concludes with a detailed look at the two moons of Mars: Phobos and Deimos.

Chapter three – How to Observe Mars – takes a deep dive into the practicalities of viewing Mars yourself, by eye, or through a telescope, or by photographing it. It describes a range of equipment entry points, as getting the best direct views of Mars can come with a steep price tag. It’s important to manage expectations if taking up observing Mars as a hobby. With this in mind, in depth insights will be offered on what to expect in terms of details visible, for a variety of equipment setups, including a basic tutorial for processing a good image of Mars with a camera.

In the fourth and final chapter – You, Mars and the Future – cost-free opportunities to explore Mars are outlined. Thanks to our robotic friends past and present, there is a treasure trove of images and videos captured near and on the Red Planet which we can feast our eyes on. If you want to take things a step further, you’ll find opportunities to contribute to Mars research through a number of citizen science projects. The book concludes with a speculative look at the possibilities of humans living and working on Mars and the challenges and opportunities that would entail.

So, while this book works as a whole on first reading, you are encouraged to revisit the sections as you need to. This applies whether you are interested in learning about the history of Mars exploration; or whether you want to understand the make-up of the planet, how to go outside and see it or how to dive into the rich materials collected by robots, and dream of a future where Mars might become an extension of our home on Earth.



[image: Ancient relief carving depicting Nerga, a bearded god holding a weapon and accompanied by a mythical creature. The carving also includes a scorpion, a snake and horseshoes.]
Nergal, Mesopotamian god of the underworld, depicted in a 1st or 2nd century CE relief carving.
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[image: A marble statue of Ares, the Greek god of war, seated and holding a sword. The sculpture is known as the Ludovisi Ares.]
Roman copy of a Greek statue of the god of war, Ares. Crafted from marble in the 2nd century CE.
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1: HISTORY OF EXPLORING MARS



Mars and Mythology

Throughout the world and thousands of years ago, stories about Mars were carved and recorded, allowing modern humans to explore and get a glimpse into what ancient civilisations thought of this particular planet. Time and time again various civilisations connected the Red Planet with war and plague and noted its strange motion in the sky over the months and years.

Looking this far into the past gives rise to some complications. Before ‘science’, as we know it, was established as a field of study, ancient civilisations linked the planets with different gods and goddesses. Moreover, these could be interchangeable or multi-layered. For instance, in Sumerian culture from 3500 BCE onwards, the god of the underworld, Nergal, was said to be part Sun god, but also connected to Mars and symbolised war, famine and death.

Despite occasional confusion as historians pore over ancient manuscripts, there are consistent themes that make an appearance in different ancient civilisations. Hindu art around 2000 BCE shows the god Mangala painted red, riding a chariot and carrying weapons of war. The Egyptians speak of Horus sometimes as Horus-the-red and remark that he travels backwards, in reference to the unusual motion of Mars in the sky. Roughly a millennium later the Greeks name the planet Ares after the Greek god of war. Later still, the Romans give the planet its modern namesake, Mars, who was their god of war and was considered a powerful player in the pantheon of Roman gods and goddesses.

It may come as no surprise that a bright reddish star that moves differently compared to the other planets in the sky would be seen as a bringer of war and death. We’ll see that the mythological themes live on today in the modern exploration of Mars, through the names of some of its surface features and even its two moons – Phobos and Deimos (meaning ‘fear’ and ‘terror’). These names reference the two sons of Ares that accompanied the Greek god of war into battle.

You may not have noticed that people in many countries talk about Mars every single week of the year. Tuesday originates from the Old English, ‘Tiw’s Day’. Tiw in turn is derived from Tyr, a Norse variation on a god of war. In other languages the link to the word Mars is even stronger. In the Irish language the day is de Mairt and in Spanish Martes, both of which signify ‘Mars Day’. In the Gregorian calendar March is the ‘month of Mars’. There’s no escaping that Mars has had a significant and deep impact on cultures worldwide. We’ll see another side to this influence later in this book when some of our first glimpses of Mars through a telescope were combined with wild imagination to create fantastical science-fiction stories.

Hidden amongst this tangle of terrifying tales are the references to the planet Mars travelling backwards. We will explore how this phenomenon we see from Earth actually occurs for all the planets we can see in our Solar System. This baffled early thinkers, and since the phenomenon was most noticeable with Mars, its position was recorded over time to try and understand what was going on. Eventually these records became the key to working out an accurate model of our entire Solar System that we take for granted today.

[image: A warrior dressed in classical armor holding a large shield and sword stands heroically. The background includes handwritten text and decorative elements.]
Illustration of the Norse god Tyr in an 18th Century CE Icelandic manuscript relating him to Mars.
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Mars in Motion

Although many civilisations did not follow a rigorous scientific method or have purely scientific reasons for studying the planets, some did work very hard to record them with as much accuracy as possible with the limited tools at their disposal.

As mentioned, at certain periods of time the planets can appear to move backwards in the sky from our perspective here on Earth. This movement is called retrograde motion, and it is an optical illusion of sorts.

The planets do not actually put the brakes on and suddenly go into reverse. We, on Earth, are overtaking the outer planets because we are closer to the Sun, and the innermost planets overtake us. Take, for example, two circular running tracks, set one inside the other with a runner on each – an outer track and an inner track. For the sake of simplicity, we’ll assume the runners are running at the same speed. The runner on the inner track completes a lap around the track faster than the runner on the outer track. From the perspective of the runner on the outer track, the runner in the middle is zooming around the small track multiple times before they themselves make even one lap on the outer track.

The inner runner, on the other hand, notices as they loop around that the outer runner appears ahead of them, until they overtake the outer runner, at which point that outer runner goes from being ahead to being behind. Eventually, the inner runner comes back around to chasing the outer runner, who appears ahead of them. That is until, you guessed it, the outer runner slips behind as the inner runner overtakes.

Going back to the perspective of the outer runner, it’s worth noting they see a similar phenomenon. The outer runner will see the inner runner briefly ahead of them before coming around from behind to overtake them all over again.

In both cases the two runners, or to leave the analogy behind – the two planets – could say from their own perspectives the other planet moves in one direction part of the time and then the opposite direction. How noticeable this change is depends on how quickly the overtaking occurs. This racetrack analogy also simplifies reality by making both the inner and outer tracks circular. Today we know that the racetracks for the planets, which we call orbits, are not circular but elliptical. The orbits of some planets like Earth are nearly circular, but Mars’s path is significantly more elliptical, which makes the retrograde motion we see particularly dramatic.

[image: Diagram illustrating the orbits of Mars and Earth around the Sun. The positions are marked from 1 to 7 for each orbit, showing how Mars appears to move in the sky as observed from Earth.]
Illustration showing the perspective of an Earth observer (blue dot) looking at Mars in the night sky (red dot). On the left is a top-down view of the Solar System with seven snapshots of Earth and Mars as they orbit the Sun anticlockwise. The numbers on the right show how Mars’s position changes in Earth’s night sky over that time compared to the far-away background stars.
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But how did we get to this point of understanding about how an elliptical orbit works? Well, that’s where we bring in two heavyweights of late 16th- early 17th-century astronomy – Tycho Brahe and Johannes Kepler.

[image: Portrait of Tycho Brahe, a man with a red beard wearing a ruffled collar and dark, ornate clothing. He holds a manuscript in one hand and wears a chain with a medallion around his neck. Latin text is written in the upper portion of the image.]
1596 portrait of Danish astronomer, Tycho Brahe.

Skokloster Castle/SHM (PDM)



[image: Portrait of Johannes Kepler in formal attire, holding a drawing compass and standing beside a globe. Latin inscription in the background reads Ioannis Keppleri, Mathematici Csarei hanc imaginem. Argentoratensis Bibliothec consecr. Matthias Berneggerus MDCCVII.]
1626 portrait of German astronomer, Johannes Kepler.
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As an astronomer in the century before the invention of the telescope, Tycho Brahe dedicated his life to studying objects in the night sky by eye. He wanted to prove that the old view of our Solar System, with the Earth at the centre, should give way to the Copernican view of the Solar System that has the Sun at its centre. With the support of Frederick II (King of Denmark and Norway at the time), Brahe established a new observatory on the island of Ven, Denmark. Although telescopes weren’t available, Brahe could make use of a variety of instruments that could measure angles accurately and he had plenty of assistants to help him with all the calculations involved. By measuring the positions of planets and other Solar System objects as accurately as possible, repeatedly and over a long period of time, Brahe could prove (or disprove) the Copernican model of the Solar System.

Decades after starting this project, Brahe enlisted the help of a new assistant: Johannes Kepler, a German mathematician and astronomer with a passion for establishing the Copernican model of the Solar System as the definitive model to be followed. Brahe tasked Kepler with working on Mars observations and he buried himself in the endeavour. He set about using 30 years of Mars observations, gathered painstakingly by Brahe, to calculate the exact orbit of Mars around the Sun.

While other planetary observations could be analysed, Mars has some particular properties which make it a tantalising focus for study. Mars is the closest of the outer planets to us, so any changes in position are more readily noticeable compared to planets further out, like Jupiter and Saturn. Unlike Mercury and Venus, which orbit closer to the Sun, Mars is less frequently obscured by the glare of the Sun for consistent observations. Finally, Mars’s orbit around the Sun is noticeably less circular than those of the other planets.

By combining Brahe’s work, Kepler’s own observations and his keen mathematical skills, he was able to come up with his first two laws. The first: planets move in elliptical orbits with the Sun at one focus. And the second: a planet sweeps out the same area over a period of time anywhere in its orbit, which makes more sense in the form of a diagram, like the one seen below.

It would take another eight years for Johannes Kepler to find the right mathematical combination for his third and final law. This might be the most mathematics you’ll see in this book so brace yourself and feel free to reread a few times. It goes:

The orbital period of the planet (how long it takes a planet to orbit the Sun) squared is proportional to the average distance between the planet and the Sun cubed.

Or written mathematically:

T2 ∝ R3

[Where T is the orbital period of the planet, and R is the average planet-to-Sun distance.]

Out of the three laws, this last one acted like a Rosetta Stone for the new Solar System model. To understand how fundamental this is, we need to consider a measure of distance we don’t use in everyday life – an Astronomical Unit, or AU for short. A single AU is defined as the average distance between the Earth and the Sun. If we keep the R in Kepler’s Third Law in AU and the T in Earth years, we can say that 1 Earth year squared is equal to 1 AU cubed, which is true because 1 is equal to 1. If, however, we plug in how long it takes Mars to go around the Sun, you can work out how far away it is from the Sun. Thanks to Brahe’s hard work and observations, we know it takes 1.88 Earth years for Mars to orbit the Sun once. Plugging this into Kepler’s Third Law gives R (the average distance between Mars and the Sun) as 1.5 AU. And so it can be said that Mars is one and a half times further from the Sun than Earth is.

An accurate figure for 1 AU, the actual distance (in kilometres) between Earth and the Sun, was not found until a great deal later in history. Long before that discovery, Kepler had compiled a list of AU distances for the other known planets that were ready and waiting for that important figure. We now know 1 AU is 150 million kilometres, and so it was then a simple matter of multiplying each of Kepler’s AU values by 150 million to give us the true scale of the Solar System.

Kepler’s work with Mars laid the groundwork for Isaac Newton to come along 70 years later and adapt Kepler’s Third Law with his new laws of gravitation. Kepler had guessed incorrectly that there was some sort of magnetic force keeping the planets in their orbits, but it was Newton who formulated the ideas we have taken as standard for gravity. Newton’s adapted version of Kepler’s Third Law is still used today to examine Mars, launch missions to it and land spacecraft on it.

[image: Diagram depicting Keplers Second Law of planetary motion, showing a planet orbiting the Sun. Two shaded areas labeled A illustrate that the planet covers equal areas in equal times t, indicating the planets velocity varies along its elliptical orbit.]
Diagram illustrating Kepler’s 2nd Law of planetary motion. Each shaded part is the area (A) swept out by a planet like a radar pulse over





Through the Telescope










[image: Two circular diagrams depicting the appearance of Mars. The top diagram, labeled Anno 1656, shows Mars with a dark center surrounded by a wide bright ring. The bottom diagram, labeled Die 24 April Anno 1658, shows Mars with a smaller dark center surrounded by a similarly wide bright ring.]




[image: Sketch of Drawing of Mars showing Syrtis Major which resembles a heart shape.]
















[image: Diagram illustrating Earths orbit around the Sun and the alignment of Mars. Earth is shown at two positions: point A, where Earth and Mars are near alignment, and point B. The Earths rotational axis is tilted. Dotted lines extend from points A and B, intersecting Mars labeled M and pointing towards stars. The positional relationship between Earth, Mars, and the distant stars is indicated.]




[image: An astronomer peers through a large telescope in an observatory.]





No One Would Have Believed…


[image: Map of Mars with highlighted regions in yellow and black, showing geographical features and coordinates.]











[image: Several observatory building in front of a volcano, under a cloudy sky.]












[image: A man in formal attire, looking startled, leans back against rocks as he faces a large, menacing creature emerging from a cylindrical object partially buried in the ground. Two trees stand in the background on a barren, rocky landscape.]






[image: Globe of Mars showing various regions, The map displays a network of named geographical features such as craters, valleys, and plains, with lines and patterns indicating different terrain areas.]





Robot Explorers









MARINER 4






[image: A person stands in front of a hand drawn read out of data. The data is shown in hues of orange and yellow. The map includes scale markers, with a segment measuring 150 km visible on the left side.]




MARS 3






[image: A spacecraft with a large solar panel orbits near the surface of Mars. A bright light reflects off the solar panel, and the planets reddish terrain is visible in the background.]




VIKING 1 AND 2






[image: Surface of Mars with rocky landscape and scientific instruments, including cameras and possibly a satellite dish, visible in the foreground. Sky appears pinkish as seen from the Martian terrain.]




MARS PATHFINDER






[image: A rover exploring a rocky, reddish Martian surface with a large boulder nearby. Tracks from the rovers movement are visible in the soil. Pieces of equipment are partially seen in the foreground.]




MARS EXPRESS AND BEAGLE 2






[image: Beagle 2 lander on a Martian surface with its solar panels fully deployed.]




SPIRIT AND OPPORTUNITY








[image: Rover tracks and light-colored streaks crossing a reddish, rocky Martian surface.]




MARS RECONNAISSANCE ORBITER (MRO)






[image: A twisting, pale green dust devil moves across the reddish, textured surface of Mars, resembling a serpentine shape against the Martian landscape.]











[image: Three Mars rovers of varying sizes are displayed on a sandy terrain next to two people in white coats, highlighting the evolution of rover design and technology. The largest rover to the right has a prominent arm extended, the middle-sized rover on the left shows an earlier design, and a small rover is positioned in the foreground.]




MARS ORBITER MISSION (MOM)






[image: Mars Orbiter Mission spacecraft in a launch vehicle payload fairing, featuring complex wiring and a golden reflective top.]




INSIGHT






[image: Robotic arm placing a dome-shaped shield on the rocky surface of Mars.]




HOPE






[image: Image of Mars showing its bright white ice-covered region in the north amid the reddish and dark surface terrain.]




TIANWEN 1






[image: Zhurong rover and lander on the Martian surface with an orange sky in the background.]




MARS 2020








[image: A Mars rover on the Martian surface with visible tracks beside it. A small helicopter hovers above the ground to the left of the rover. The Martian sky and landscape are reddish and rocky.]
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