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ABOUT THE BOOK

How well do you know our closest neighbour?

The moon has fascinated humankind since the beginning of history. But far from being just a big rock out in space, the Moon has a phenomenal power over the earth, with it’s ability to create great waves, dictate the length of the day and summon the seasons. It is a key player in the story of our planet.

In this unique celebration of the Moon, lunar expert and space scientist Dr Maggie Aderin Pocock takes readers on a journey through the Moon’s past, present and future. She uncovers the way the Moon has captured our imaginations, contemplates how it was formed, and uncovers why we need the Moon to protect our fragile earth. Drawing on the latest scientific research, she then looks forward to what might be to come – will we return to the moon or will it become a launch pad to go into the great unknown?

Filled with fascinating facts and anecdotes, and written with warmth and passion, The Book of the Moon is for scientists and stargazers alike. You’ll never look at our closest neighbour in the same way again.


ABOUT THE AUTHOR

Dr Maggie Aderin-Pocock is a scientist and broadcaster referred to as the BBC’s ‘face of space’. Maggie is a pioneering figure in promoting science to the public and runs her own company engaging children and adults all over the world with the wonders of space science. Overcoming Dyslexia to study at Imperial College, she obtained her degree in Physics and a PhD in Mechanical Engineering. She has worked as a space scientist for many years on projects such as the James Webb Space telescope. While doing this she has toured the UK speaking to inner-city schools inspiring the next generation of physicists. In 2006 she was one of six ‘Women of Outstanding Achievement’ winners with GetSET Women and in 2009 she was awarded a Member of the British Empire for her services to science and education. As well as fronting The Sky at Night, Maggie has appeared in numerous programmes including Stargazing Live and Doctor Who Confidential. She is also an Honorary Research Associate at UCL’s Department of Physics and Astronomy, and been awarded 5 honorary doctorates from universities across the country.
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To my Mum for carrying me, inspiring me and making me stronger.

To my Dad for carrying me to higher planes, helping me to think and giving me the ‘moon on a stick’. To my sisters, Sue and Hal, for generating in me a passion for music, drama and an inquiring mind.

To my sister Grace who taught me to truly care for someone other than myself.

To Martin – my co-conspirator in life – for giving me stability and understanding (especially when writing gets frustrating).

To Lori, I carried you, but now you carry me to a better place on higher planes, you make me stronger, and you make me want to know more so I can share it with you. You enable me to see myself better, in the dazzling mirror that is you. But most of all, for giving me the best tangible reason for wanting to make the world a better place for everyone, but especially for you. To all my fellow lunatics out there, may we all, each and every one of us, get closer to our goal.
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WHY BE A
LUNATIC?




I ONCE HAD a friend tell me that they thought of me when they see the Moon. It was an innocent comment but to me there could be no greater compliment. The Moon is my yin and yang. It has driven my career and influenced how I have lived my life. In many ways it has defined what I have become, so for me to be associated with it in that way is wonderful.

We stand at an amazing juncture in history. Space and astronomy are truly having their moment, with new discoveries and developments happening all the time – from the first detection of gravitational wavesfn1 to the discovery of previously unknown exoplanets (planets orbiting the distant stars we see out in the night sky).

As technology develops it gets easier to look further and further afield. Yet sometimes looking at what we can see in our own backyard can be just as satisfying, especially because what we discover locally is more accessible to investigate.

This is definitely the case with our local companion, the Moon. Dominating our night sky, it is easily visible with the naked eye and we have been studying it ever since we were first able to look up and wonder. And yet, for all our observations and investigations, the Moon manages to hold on to some of its mystery. We seem to know surprisingly little about it. It is still uncertain exactly where it came from and how it was formed, yet we continue to theorise and speculate. In this book, I want us to go on a journey of understanding: exploring what we know and debating what is yet to be discovered.

As we celebrate the fiftieth anniversary of the Moon landings in 2019, let us develop a better awareness of the incredible life of the Moon. We will travel through its long and fascinating past and learn how it supports our fragile Earth in the present, and we will look forward too, to a relatively unknown but surely exciting future that awaits us regarding our ever-changing relationship with the Moon.

But most of all, and most importantly, let us celebrate our celestial partner and bring out the inner lunatic that lies within all of us.

MY FATHER, THE MOON AND ME

Ever since I can remember, the Moon has played a vital role in my life and I’ve always been extremely happy to describe myself as a self-certified lunatic. I love the Moon; it fascinates me and, as far as I can tell, I’ve always had that fascination since I was very small. This might not be surprising as I was born in 1968 and the Moon landing happened the following year. Indeed, I was taking my first small steps while Neil Armstrong was taking his giant leap for mankind. Having been brought up in that era of excitement and exploration, it was perhaps inevitable that I have always looked towards the Moon. In many ways, I feel that the Moon has always been there with me, leading me along my path and steering me into my career as a space scientist.
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I cannot recollect my first memories of the Moon, but I believe that my formal introduction came via my father, who would tell me tales of his childhood in Nigeria. When he was growing up he owned a Raleigh bicycle. Now, Raleigh was the Rolls-Royce of bicycles, as far as my father was concerned. And my father would ride his beloved Raleigh bicycle a long way to get to school, some 12 miles or more, which meant he had to start his day early and always returned home late. But there were no roads or street lights to guide his way. Instead, he cycled across the sand and dust of the savannah with just the Moon lighting his way. He told us of its huge size and astounding beauty, how he saw it as a companion on his long journeys home. I knew if the Moon was a good enough companion for my father, then it was definitely good enough for me, growing up in north London.

So the Moon became a reassuring presence in the night sky, and these feelings would only intensify as I struggled to sleep throughout my childhood, battling insomnia. I would lie awake in bed for hours, waiting for sleep to come. Everyone else would be deep in the land of nod, but somehow sleep would elude me. After a while, giving up on pretending, I would climb out of bed and enter a world of silent darkness. Night time can be a sinister realm for a child. Nothing is quite as it seems during the day and the most innocent objects take on a menacing aspect. Moving about the house, I would try to create as little disturbance as possible as the other members of my family slept, while tiptoeing to a window where I could see the sky clearly. Drawing back the curtains, I would reveal the dazzling brightness of moonlight streaming in across the room, banishing the world of darkness and creating a domain of wondrous light. Just viewing this spectacle for a few minutes would calm my nerves and relax me enough to attempt to sleep again. As with my father, the Moon was my friend and companion.

My father would go on to say that he missed the African Moon of his youth. That it didn’t quite feel or look the same when viewed through the cloudy London skies. Although I could sympathise with his point of view, I felt that he was missing a certain beauty that only an old grey city can have when bathed in moonlight.

For instance, I remember one evening walking across Hampstead Heath on my way home from school. Growing up in London, I didn’t get much chance to see many stars. Cloudy skies and light pollution rather limited what was available. But the Moon was something else. Our school was situated in Highgate and at that time we lived in a council flat in Belsize Park. The quickest route between the two was through Hampstead Heath. We didn’t walk far into the Heath, as we were just kids, but there was a shortcut home along a path – and although we could take the street route, it took much longer and was not half as pleasant. That evening, my younger sister Gracie and I were walking home, and it must have been winter because it was dark despite being only 5pm or so in the evening – but I don’t remember being cold. I just remember this huge shining silver disc in the sky, light pouring off it so strongly that we could even see our moon shadows on the ground. I was mesmerised by it.
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Another evening, when I was 12 or 13, I was walking with my sister (Gracie again), either going to the shops or perhaps on our way back home. As always, I looked up and observed the familiar presence in the night sky but, this time, something was wrong. I had seen the Moon the night before and it had been nearly full, and now when I looked at it, it was far from full, its phase was wrong. I had been looking forward to the full moon and now it was a crescent, with much of its surface rendered invisible. Where had that section of the Moon gone? I started to doubt my memory. There are few things you can rely on but the phases of the Moon are one of them. They are, and always have been, predictable, like clockwork. This didn’t make sense and gave me a real sense of foreboding.

I later found out that the Moon that night was in partial eclipse and I was thrilled that I had been able to observe such an event. Though I was young, I already had an inherent awareness of the Moon and its phases, and what I might expect to see in the sky. This was in the days before the internet and I just had books to rely on, so I really had to be interested to find that sort of thing out.

We may not have had the internet but we did have a television (yes, I am not that old), and as I grew up my interest in the Moon was enhanced by watching The Sky at Night. My parents would give me special permission to stay up late and watch the programme, knowing how much I loved it. Suddenly, there was more to see than just the Moon out there. With Patrick Moore’s guidance, I was now able to spot constellations and planets, and I was hearing about missions investigating the solar system and telescopes helping us to understand the universe. I was hooked and wanted to know more.

I started looking at books on astronomy in the library and then, the next step, I decided to save up my pocket money to buy my own telescope. But this was going to be a tall order. I scanned magazines, looking at the systems available but, sadly, they were all beyond my teenage budget. I decided to start somewhere and bought a small, cheap telescope from Argos – it was just a little plastic one with lenses and it wasn’t very good. It suffered from something called chromatic aberration, which is when the light coming through the lenses gets split up, so you almost see three separate images of different colours. I’d have been better off buying a pair of binoculars; I know that now.

Because of this, I thought that my observations would remain limited to the naked eye but a few weeks later I found a notice in a local magazine advertising telescope-making classes. It was part of Camden’s adult education programme. I was stunned; was it possible for me to make a quality telescope? I went along to the class and found that not only was I the youngest there at 15, I was also the only female – something that would happen plenty of times throughout my career, though happily more women are taking up careers in science nowadays. But I was with like-minded people. I started to make a 150mm Cassegrain system (see here); quite challenging for a novice. Some of my companions at the class were there for the technical challenge of making the telescope, but, for me, it was a means of getting closer to the Moon and stars.

We were actually making the telescope’s mirror, the heart of any reflecting telescope system, by grinding and polishing thick slabs of glass, which when shaped would be covered in aluminium to make a shiny, reflective surface.

If you put two of these glass slabs together with some abrasive powder between them and then rub them together, the one on the bottom becomes concave (the middle of the flat surface is worn away so a well is formed), and the top one becomes convex (the edges are worn down so the middle ends up being raised, like a hill). You do this for months (I used to grind my mirror watching Star Trek) using finer and finer abrasive powders, until you have one concave and one convex spherical surface with a very smooth finish. You work at the concave surface at this stage and you gradually change its shape from spherical into something called a parabola – more like an open U-shape. After adding the reflective coating, this becomes your primary mirror, and it can be mounted in a box with other simple mirrors to form your telescope. It takes months and lots of careful measurement to judge the shape, but it’s a really good, cheap way of making your own telescope. And the real joy for me was that this was something that I had made with my own hands and it got me closer to the Moon.


TYPES OF TELESCOPE

There are three main types of telescope: the refracting, the reflecting and the catadioptric telescope. I will give each type a quick mention here.

Refracting Telescopes

This was the first type of telescope that was invented and it was this kind that was used by Galileo to make his early observations of the Moon. The light passes through a series of lenses that magnify the image and then focus it through an eyepiece into the back of the eye (the retina). The challenge with these telescopes is that the quality of the lens needs to be good. The glass that was available to Galileo in the seventeenth century probably had small air bubbles and impurities in it. As the light passes through the lens, these imperfections have a detrimental effect on the images that are produced.

Better quality glass is available today and plastic lenses are now often used in cheaper telescopes. These plastic lenses have the advantage of being lightweight and the plastic will be superior to the glass that was used by Galileo, but at the very cheap end these lenses can still suffer from problems like the chromatic aberration that my first telescope had.

Reflecting Telescopes

This type of telescope was first built by Sir Isaac Newton in 1668, although the principles of the design were around for a number of years before. It uses a reflecting surface rather than lenses to focus the light, which alleviates the problems associated with transmitting light through poor-quality glass. Reflecting telescopes come in many different forms, the most simple of which is the aptly named Newtonian telescope, which consists of a mirrored parabolic surface (the open U-shape surface mentioned earlier, which can focus light gathered from far away) and a flat mirror mounted in a box. This type is popular in telescope-making classes and has a characteristic look, as you do your observing from the front end of the telescope, but off to the side so you don’t block the view.

There are many other variants of the reflecting telescope including the one I made as a child, a Cassegrain telescope, which also has a parabolic mirror but, in this case, the flat surface is replaced by a shaped one (a hyperbolic shape, for any who remember their conical sections at school) that bounces the light gathered back down through a hole in the main mirror. This leads to a smaller, more compact telescope – but it is harder to make, especially for a young novice. Many of the large professional telescopes, including those in the 8m class and bigger, use the Cassegrain configuration.

As an aside, I have actually held one of Newton’s telescopes that he made and presented to the Royal Society in 1672. I was participating in a photoshoot at the Society and saw a strange object sitting on one of the library shelves. It was a beautiful thing but it was in the way, so I grabbed it to relocate it to somewhere else. As I held it someone exclaimed, ‘Hey, watch it, that was Newton’s second telescope!’ My immediate response was panic and I almost dropped it, but sanity reigned and I was able to put it down intact and out of the way. An amazing piece of history saved for future generations.

Catadioptric Telescopes

The third type of telescope is the catadioptric telescope, which combines a reflecting telescope with lenses. The most popular form of this telescope is the ‘Schmidt– Cassegrain’; many high-quality amateur telescopes are of this design. Manufacturers like this system because it can be made using simple spherical optics (the easiest shapes to machine manufacture or make by hand) and can be housed in a compact portable telescope, which makes it very popular.



While we were working on our mirrors, we’d speak about astronomy and share our enthusiasm, discussing what we might see through our homemade telescopes once they were completed. And after the class, if it was dark enough, we would go to the observatory on Hampstead Heath and look at the night sky using the more powerful telescopes there. The class is still going, and they email me every so often. It was wonderful to find a community of people who shared my passion.

My telescope developed well and I thought about building a tracking system for it. I did this as my first-year project while studying for my physics degree at Imperial College in London. I got the telescope bug so badly that I started to specialise in optics too, going on to use it in my PhD. Finally, I managed to work on one of the largest telescopes in the world, Gemini South in Chile, an 8.1m triumph of engineering for which my team and I built a high-resolution spectrograph.fn2 It was a real dream come true and this project led on to my career in space science, working on other instruments including some that were used on the James Webb Space Telescope, one of the world’s largest space telescopes currently being built by NASA and ESA (European Space Agency). But it all began from that early passion and fascination I had for the wondrous sky at night and, of course, the Moon.
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BEYOND BORDERS

If it was my father who introduced me to the Moon, it was Oliver Postgate who gave me the early desire to travel there. As a three-year-old I watched The Clangers with an almost religious conviction. My favourite part was the introduction, which varied from episode to episode but always included Postgate’s gentle, melodious voice telling me of the possible delights that lay out there, beyond our planet … My one desire in life was to get in a rocket and travel outward – stopping off at the Moon and then travelling onward to the world of the Clangers.

I have always seen The Clangers as a bit of a gateway drug that leads to the world of science fiction, a genre that I grew to love in my youth. As a child, I suffered severely from dyslexia, and though I have now grown to know and love this in myself, it was a real barrier when I was young. When you first go to school, everything is hinged on the ability to read and write, and as a dyslexic this was something that I found very hard, especially because this was 1970s Britain and my condition remained undiagnosed. I was just considered dumb and dumped into the school’s remedial class. There I sat with my desire to travel into space feeling like a pipe dream. Yet it was my parents who told me that if I worked hard enough, anything was possible, and who encouraged me to look for stories that interested and excited me. This is where I found science fiction … and suddenly reading was worth the effort.

My desire to travel to the Moon therefore grew out of my father’s stories, my love of The Clangers and my obsession with science fiction, yet it was also fuelled by a feeling of not really belonging anywhere. As a black child growing up in London during the seventies, I did not really feel very British. My colour seemed to be a barrier to my fellow students who would often tell me to go back home where I belonged, but on the other hand my relatives would call me a lost Nigerian as I had never been to the country and did not speak the language. Using the very handy ‘retrospectroscope’, I realise now that space had a strong appeal to me because it transcended national barriers. Viewed from space we are one.

The programme that epitomised these feelings for me in so many ways was Star Trek. In the original series, there were people from all over the world having adventures on the Starship Enterprise. Here we had reached a time in the future where national barriers did not exist. We were part of the United Federation of Planets, together with many different alien lifeforms. I wanted to be Spock – logical, unemotional and a whizz at science. Yet for me the star of the show was the one and only Lieutenant Uhura, the communications officer. She was my ultimate role model. Here was an accomplished black woman, a critical part of the team, gracing our screens. During the 1970s there were not many black people on TV so to have Uhura there doing all the things that I had dreamed about all my life really made an impression. And that impression has stayed with me. So much so that when I was invited to sit on a panel to celebrate the fiftieth anniversary of the first episode of Star Trek, I jumped at the chance. It was not until later that I found out that the actress who played Uhura, Nichelle Nichols, was going to be sitting on the panel too. I like to think of myself as a professional when it comes to public speaking, but in this case I was beside myself with joy. There, sitting on a stage next to me, was an amazing icon and one of my all-time heroes.

The sentiment of the human race living in harmony is a subject that is often discussed, but I think it was best summed up by Apollo 11 astronaut Michael Collins. I like to give him a special mention as he is the one that we hear the least about as he stayed on board the lunar orbiter while Neil Armstrong and Buzz Aldrin landed on the Moon’s surface. In an interview he was asked about his strongest memory of the Apollo 11 mission. His response was:


I really believe that if the political leaders of the world could see their planet from a distance of 100,000 miles their outlook could be fundamentally changed. That all-important border would be invisible, that noisy argument silenced. The tiny globe would continue to turn, serenely ignoring its subdivisions, presenting a unified façade that would cry out for unified understanding, for homogenous treatment. The Earth must become as it appears: blue and white, not capitalist or Communist; blue and white, not rich or poor; blue and white, not envious or envied. Small, shiny, serene, blue and white, fragile.



My desire is still to travel out in space and see what Michael Collins saw, but I think that we should all look to the Moon and space to get a feel of what we could become if we put our preconceived barriers to one side and live as one people, the human race.

AN ICONIC INFLUENCE

Finally, I’d like to make a special mention of another person who created a deep impression on me while I was growing up. If The Clangers and Star Trek first piqued my interest in the fictional mysteries of outer space, it was the presenter of another TV programme who helped me to develop a deeper understanding and appreciation of the genuine wonders of the universe.

I have already mentioned I was an avid watcher of The Sky at Night. Its legacy as a British institution is wide-ranging and deep. It is one of the programmes that many generations of people remember watching and it has that transgenerational appeal because it has been on our screens for so long (it has reached a pensionable age now as it is in its early sixties). But what made the programme most iconic was its presenter, Sir Patrick Moore.

Patrick was a self-taught astronomer with a phenomenal passion for the subject that imbued every book, television and radio programme he did. As the author of over 100 books and the presenter of The Sky at Night, his influence was enormous.

Patrick had a life-long love affair with the subject of the Moon; in fact, his first book in 1953 was entitled A Guide to the Moon. Through hours of dedicated observations, he became a highly respected lunar observer and was soon picked out by the then director of the lunar section of the British Astronomical Association, a Mr H.P. Wilkins. Patrick had a particular talent for spotting features on the cusp of the far side of the Moon via a process called libration. Although only one side of the Moon faces Earth, it is in fact possible to see more than 50 per cent of the Moon’s surface (see here for more on this). Moore and Wilkins produced a number of high-resolution lunar maps published in 1946 and 1951, with a further revision in 1961 after Wilkins’s death.

The fact that Patrick was observing the Moon at this time was fortuitous because during this period many lunar missions were being planned. Patrick was very proud of the fact that the Russians used the maps he had developed with Wilkins to prepare their photographs of the Moon from space.

The birth of the space era was also fortuitous for Patrick’s television career. On 24 April 1957, at 10.30pm, Moore presented the first episode of The Sky at Night. With the launch of Sputnik later that year, the BBC felt that a regular programme highlighting the exciting developments taking place was necessary and The Sky at Night has been running ever since.

During an epic, world-record-breaking period of 57 years, Patrick presented over 700 episodes, only missing one due to a severe case of food poisoning. Patrick died in 2012 and I never met him – though that might have been for the best as his ideas on immigration and women within the BBC were at opposite poles to mine! But if we had met I would have hoped that our shared
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