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Foreword

The release in April 2019 of the image of a huge black hole in the center of a distant galaxy rightly attracted a huge amount of attention and interest. This is the story of how that image came to be made. First, the gathering together of a group of scientists—astronomers, and specialists in radio telescopes, radio receivers, and data processing. Then, persuading the guardians of resources (money, radio telescopes, computing facilities) to release enough for this project. And last came making the observations and analyzing the data, producing the image. This account is written by one of the prime movers of the project, one who has had long involvement with it, and who lived it, day in and day out, for some twenty years.

Having worked on some international projects myself, I judge to be pretty accurate the old adage that the complexity of a project goes up as the cube of the number of partner organizations involved. Different bureaucratic methods, different backgrounds, different languages, different outlooks, and different goals all provide multiple pitfalls for the unwary project leader! This project resulted in a paper with 348 authors in eight observatories on four continents making the observations and analyzing the data. The management of a project of this size, with undoubtedly numerous “prima donnas,” is an amazing achievement of its own!

Those of us who worked in x-ray astronomy in the 1970s and 1980s quickly had to accept that black holes existed. Okay, those black holes are stellar mass, tiny compared with the ones at the centers of galaxies; but accepting the existence of black holes, accepting that this bit of physics is correct, was the big step. So having lived for some fifty years with these “beasts,” I am underimpressed by the excitement around the image of the black hole at the center of M87. But I am impressed that such a large group of scientists and other specialists can be pulled together and kept working together to achieve this image!

Features of black holes (even if not named as such) have long fascinated us. Think of C. S. Lewis’s The Lion, the Witch and the Wardrobe. That wardrobe is what we would now call a space-time bridge leading the children to a different world in a different season and at a different time of day. Space-time bridges could be formed if a black hole (which swallows things) could be connected to a white hole (which emits things). The connection was named “a wormhole” by John Wheeler. Alan Garner’s Boneland, set near Jodrell Bank, also suggests some amazing distortions of space and time, although it does not explicitly invoke black holes, and there have been many books explaining the properties of black holes.

Being an astrophysicist, one cannot totally avoid the big questions like: how (or why) was the universe created, and what is there after the death of the universe, and are there other universes? The yawning maw of a black hole reminds us that the universe is not cozy, and there is an embedded existential challenge. However, deadlines and other mundane things call, there is plenty to be getting on with, and so these questions may not occupy center stage in our minds for long.

The universe appears to defy definitive description and full comprehension—questions like where did it come from, or why did it start, do not seem to have a scientific answer. Some of us believe in a God or even a creator God, some don’t. Some of us are Christian, some other religions, some none. However, it seems to me that ultimately we come to a point in our understanding/belief system/theology where we have to say we don’t know, or we don’t understand. We go on living and working, because we have to, and make the best of it. Some of us are better at living with uncertainty and incompleteness, and such untidiness than others.

Falcke sets out his understanding in the final section of this book, and I admire him for making the effort, and for doing so. But arguably this may be more for him than for us! Belief systems are to a degree “tunable”; we can (and do) tune them to our personalities and to our particular needs.

This very readable book is written in a lyrical style—clearly the author is in love with a wondrous universe.

Jocelyn Bell Burnell




Prologue

And We Really Can See Them

The lights go out in the large press room at the European Commission’s headquarters in Brussels. The moment that we’ve waited so long for, that we’ve all worked many years and to the point of exhaustion to bring about, is finally here. It is Wednesday, April 10, 2019, 20 seconds past 3:06 p.m. Forty more seconds to go, and then, for the first time, people all over the world will marvel at the image of a giant black hole. It is located at a distance of 55 million light-years from Earth, at the center of the Messier 87 Galaxy— M87 for short. For a long time it seemed that the deep darkness of black holes would remain completely and forever hidden from our eyes, but today that darkness will step out into the bright light of day for the first time.

The press conference has begun, but we still don’t have the slightest sense of all that it is to lead to. Humanity’s thousand-year journey of discovery, traveling to the very limits of our knowledge; revolutionary theories about space and time; the most modern technology; the work of a new generation of radio astronomers; and my entire life as a scientist— today they will all be brought together in this single image of a black hole. Astronomers, scientists, journalists, and politicians watch transfixed, waiting to see what we here in Brussels and in other world capitals are about to reveal. Only later will I find out that millions of people around the world are glued to their screens, and that in just a few hours close to four billion people will have seen our image.

In the front row of the hall sit distinguished colleagues and young scientists, many of them students of mine. For years we’ve worked together in an intense collaboration. Each of them has pushed their limits, going far beyond what they or I could have imagined. Many of them traveled to the most remote regions of the Earth, sometimes risking their lives—all for this one goal. And today the successful result, the culmination of their work, is the center of the world’s attention, while they sit in the dark. I would like to thank them all right now, because each and every one of them has helped to make this breakthrough possible.

But the clock is ticking. I feel like I’m in a tunnel, every impression flies past me like the wind past a race car driver. I don’t notice the phone in the third row whose camera is pointed at me. The clip turns up later as a “trending topic” on a popular website for kids— between vulgar jokes about the president of the United States’ rear end and a famous rapper’s latest single. The journalists are tense and alert, and I start to feel tense myself: there is expectation in every eye. My pulse is racing. Everyone is staring at me.

Carlos Moedas, the European Union science commissioner, spoke just before me. “Don’t speak for too long,” we’d told him. Moedas stoked the audience’s curiosity with his remarks, but he finished too early. I have to improvise to fill the time, while trying to hide how nervous I am.

This very first image is to be unveiled simultaneously all over the world. At exactly 3:07 p.m., Central European Time, the image will appear on the giant screen here in the hall. At the same time, my colleagues in Washington, Tokyo, Santiago de Chile, Shanghai, and Taipei will reveal this image of a black hole, offer comments, and answer journalists’ questions. Computer servers on every continent are programmed to send academic papers and press releases out to all corners of the world. Time passes inexorably. We’ve coordinated and planned everything in advance, with the utmost precision— the slightest deviation would throw everything out of sync, no different than how it was during our campaigns to gather observational data. And now I start stumbling right out of the gate.

I begin with a few words of introduction, while a film behind me zooms ever more quickly, ever deeper into the heart of a giant galaxy. I start with a dumb slip of the tongue. I’ve gotten light-years mixed up with kilometers— no small matter for an astronomer, but there’s no time to fall to pieces now; I have to continue.

The display ticks over— it is exactly 3:07 p.m. From the depths of the infinite darkness of outer space, from the center of the galaxy Messier 87, there appears a glowing red ring. Its contours are faintly visible, they linger, slightly blurred, on the screen; the ring glows. Everyone watching is pulled under its spell, is given some sense that this image, which was considered impossible to capture, has finally found its way to us here on Earth by way of radio waves that have traveled a distance of 500 quintillion kilometers.

Supermassive black holes are outer space graveyards. They are made of fading, burned-out, and dead stars. But space also feeds them gigantic gas nebulae, planets, and still more stars. By virtue of their sheer mass they warp the empty space around them to an extreme extent, and seem to be able to halt even the flow of time. Whatever comes too close to a black hole never breaks loose of its grip— not even rays of light can escape them.

But how can we possibly see black holes, if no light can reach us from inside? How do we know that this black hole has compressed the weight of 6.5 billion suns into a single point on its way to becoming su-permassive? After all, what the glowing ring encircles is the profoundly dark blackness of its center, which no light and no word can escape.

“This is the first ever image of a black hole,” I say, once it has finally appeared on the screen in all its glory.1 Spontaneous applause fills the room. All the accumulated strain of the past few years falls from my shoulders. I feel free— the secret is finally out. A mythical creature of cosmic proportions has finally taken on a form and color that everyone can see.2

The next day the newspapers will say that we’ve written scientific history. That we’ve managed to give humanity a collective moment of joy and wonder. They really do exist after all, these supermassive black holes! They aren’t just fantasies dreamed up by crazy science-fiction authors.

The image was only possible because people all over the world, despite all our troubles and all our differences, devoted years to the pursuit of a common goal. We all wanted to track down the black hole, one of physics’ biggest mysteries. This image led us to the very limit of our knowledge. As crazy as it sounds, our ability to measure and to study ends at the edge of the black hole, and it is a big question whether we’ll ever be able to go beyond this boundary.

This new chapter in physics and astronomy began with generations of scientists before us. Twenty years ago the idea of capturing an image of a black hole was still considered a far-fetched dream. Back then, as a young scientist on the hunt for black holes, I stumbled into this adventure, and to this day it has kept me fascinated.

I hadn’t the faintest idea how exciting it would be, how it would determine and change the course of my life. It became an expedition to the ends of space and time, a journey into the hearts of millions of people— even if I myself was the last person to understand this. With the world’s help we managed to capture this image. Now we were sharing it with the world, and the world embraced it, more wholeheartedly than I would ever have thought possible.

For me, it all began almost fifty years ago. Ever since I first looked into the night sky as a young boy, I dreamed of the heavens as only a child can. Astronomy is one of the most ancient and most fascinating branches of science, and it is still giving us dramatic new insights even today. From the beginnings of astronomy to the present day, astronomers, driven by curiosity and necessity, have continued to fundamentally change our view of the world. Today we explore the universe with our minds, with mathematics and physics, and with ever more sophisticated telescopes. Armed with the most modern technology, we set out on expeditions to the ends of the earth and even into space in order to study the unknown. In the unfathomable reaches of outer space, in the infinite universe, and in the divine cosmos, knowledge and myth, faith and superstition have always been so tightly interwoven that today not a single person can look into the night sky without asking themselves: What still awaits us in this dark expanse?




About This Book

This book is an invitation to take a personal journey with me through this— through our— universe. We begin in part I on Earth, fly past the moon and sun that mark our seasons, days, and years, pass by the planets, and learn from the history of astronomy, which continues to shape our perception of the world today. The second part of the book is a journey through the development of modern astronomy. Space and time become relative. Stars are born, die, and sometimes become black holes. Finally, we leave our Milky Way and keep going until we see before us an unimaginably large universe, teeming with galaxies and monstrous black holes. Galaxies tell us of the beginning of space and time, the Big Bang. Black holes represent the end of time.

The first image ever taken of a black hole was a major scientific effort that involved hundreds of scientists working together for many years. The idea for the image, which grew from a tiny mustard seed into a large-scale experiment; the exciting expeditions to radio telescopes all around the world; and the nerve-wracking time spent working and waiting until finally the image saw the light of day— my own experiences from this adventure I relate in part III.

Finally, in part IV, we dare to pose a few of the last big questions still facing scientists today. Are black holes the end? What happened before the beginning of space and time, and what happens at the end? And what does this knowledge mean for us tiny humans here on this unremarkable yet miraculous planet Earth? Does the triumph of natural science mean that we will soon be able to know, measure, and predict everything? Is there still room for uncertainty, for hope, for doubt, and for a god?




PART I

Journey Through
Space and Time

A brief survey of our solar system
and the early history of astronomy
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HUMANKIND, THE EARTH,
AND THE MOON

THE COUNTDOWN

Let us set out together on an exciting journey through space and time. We’ll start on Earth, where a rocket towers over the green landscape, an awe-inspiring sight. Birds flap cluelessly around this masterwork of engineering. It’s the pregnant silence before the storm; the darkness of the just-budding dawn lingers over the launch site. Nature as yet suspects nothing of the hellish inferno about to be unleashed just a few seconds from now.

Tired but excited, the staff and observers gather on the observation platform. From here every object, every person, indeed the whole scene looks cute, as if it were playing out in a dollhouse. One of the observers takes out his phone and starts streaming the event on a website covered in Chinese characters and flashing logos. It’s this stream that I watch online, grateful and full of hope, while I sit on the other side of the Earth in a comfortable bed and breakfast in the green Irish countryside. I watch transfixed as the events unfold.

Suddenly, from somewhere off-screen, a voice starts blaring. It’s choppy and unintelligible, metallic-sounding, enough to make your skin crawl. Monotonously it begins intoning a countdown, and although it’s in a language I don’t understand, I count along with it. With a roaring crash a reddish-yellow light at the base of the rocket illuminates the darkness. The ignition of the propulsion unit makes a deafening noise even here in idyllic Ireland— even though the sound is only coming from my laptop. The ground shakes, the rocket’s mounts have fallen off, it breaks free and rises majestically, leaving a glaring trail of heat behind it like a reverse comet before it disappears from view and shoots out into space.

I feel like I’m back at the launch of the space shuttle Discovery, which I was able to watch with my tired but excited family from Cape Canaveral in the early morning of February 11, 1997. Still today I can picture the proud look on my four-year-old daughter’s face when she saw the towering rocket from afar the day before. In the gleam in her eyes I recognized the gleam in my own.

Twenty-one years later, on May 20, 2018, I’m only watching a pixelated, jerky livestream from China. Nevertheless I know exactly what it must feel like to be there now, and this launch is particularly special. The rocket is carrying a piece of me on board: an experiment by my team in Nijmegen in the Netherlands. I feel just like a kid again. The rocket has a special destination— the far side of the moon.

In my mind I’m flying with it, to the moon and far beyond, just as I’ve done many times before. I fly where my longing has always pulled me: into outer space.

IN SPACE

Celestial calm. The first thing you notice when you arrive in outer space is the utter stillness. The engines have shut down; outside all sound dies away. The Hubble Space Telescope floats 550 kilometers above the surface of the Earth— almost 70 times the height of Mount Everest. The telescope glides through an atmosphere that is about 5 million times thinner than the atmosphere on the Earth’s surface.1 Sound waves, actual vibrations in the air, are no longer audible to human ears: not a rustle, not a word; not even the most violent explosion on Earth could be heard up here.

As an astronomer, I use the space telescopes that orbit the Earth, listen to the stories told by the astronauts that have been up there, and look at the images they’ve brought back. In my head I’m floating quietly in space, seemingly weightless, but actually I’m speeding around the Earth at a breakneck 27,000 kilometers per hour. My strong centrifugal force could potentially fling me out of orbit, but the powerful pull of the Earth’s gravity evens this force out and keeps me on course. This is the secret behind all orbital motion around a celestial object. Weightlessness doesn’t mean you’re free from gravity’s pull. In orbit, gravity still has us in its grip, but we feel weightless because the centrifugal force and the force of gravity are perfectly balanced. Actually we’re in free fall, but we keep missing the Earth again and again because we’re circling it on a wide trajectory, so neat it could have been drawn with a giant compass. If we were to slow down, our trajectory would get ever smaller and steeper, until eventually our free fall would end abruptly in an impact crater on Earth. But of course no one wants that!

The scant atmospheric friction with which our spaceship has to contend is so minimal that we can orbit the Earth for years nearly unimpeded,2 without firing our rockets even once.

So long as we’re orbiting in space, we can enjoy the one-of-a-kind view of Earth from up here. Godlike, we look upon this blue pearl, set against the black velvet backdrop of the universe. Continents, clouds, and oceans unleash a rich, wild play of colors. At night, flashes of lightning, glowing cities, and the shimmering auroras light up the global stage— a spectacular sight. Borders disappear; with our all-encompassing view we see the Earth as the shared home of all humankind. The line that divides us from the cold of space is clear and sharp. Only now, from up here, do we understand how thin the layer of air is that protects us from hostile space and makes life possible. The weather and climate play out in just a small strip above the Earth. How fragile, how vulnerable this proud planet seems all of a sudden! We owe such fascinating sights— and insights— in space to modern technology. But through its reckless use on Earth we’re also destroying the very basis for our lives on this unique blue planet.

Every time I see these beautiful images of Earth, I also sense the loneliness and emptiness, the pain and suffering that are felt all over the world. “He spreads out the northern skies over empty space; he suspends the earth over nothing,” so cried sorrow-stricken Job millennia ago.3 The nothingness of heaven, spread out like a black canvas, and in the middle— our planet Earth! The biblical writer was not granted this view from above, and yet in his visions he already perceived the Earth as a whole. Humanity’s old visions are today filled with new images, provided to us by modern technology. A swarm of satellites with cameras and sensors trained permanently on our planet captures clouds, continents, and oceans in breathtaking detail.

Job, who sees the Earth hanging upon nothing, submits his grievance to God. What Job experiences is something profoundly human: pointless suffering. Still today this planet is a complex mix of suffering and beauty. An individual human cannot be seen from space. Suffering can only be grasped from up close; from afar, everything on Earth looks sublime and extraordinary. Even hurricanes, floods, and forest fires take on a morbid fascination from up above. In space one is far removed from the suffering of individuals, which plays out by the billions down below. From space our earthly problems are incomprehensible. Doesn’t this “omniscient view” often look past humans themselves?

It is more than astounding how this sober and technical research can cause such a lasting change even in hardened space travelers. After the cosmonaut Yuri Gagarin became the first in 1961, more than 550 people have been in space. Almost all have reported that their amazement at the sublime fragility of the Earth left a deep impression on them, left them profoundly changed as individuals. The experience of gazing upon the entire globe seems akin to an ecstatic state. The author Frank White called this phenomenon, which he studied and described in psychological detail, the “overview effect.” What does the sight of the planet trigger within us? How does it change us? How can we make use of this effect? Doctors have been researching the “overview effect” ever since it was first described. The Earth is unique; there is nothing in space comparable to it, so far as we know. Astronauts have the same impression. Floating above the Earth like an angel and seeing everything from above doesn’t leave us humans cold. Let us therefore be inspired by these new images from and of space, without overlooking the human individual.

TIME IS RELATIVE

As soon as we’ve reached orbit, our perspective of space and time changes. We don’t just get a different view of our home planet, Earth; the way we perceive days, months, and years changes as well. “A thousand years in your sight are like a day that has just gone by,”4 as a verse in a famous old psalm would have it. Time is relative. People have suspected this since the dawn of time itself, but nowhere do we experience it more drastically than in outer space.

When I wrote my first observation program for the Hubble Space Telescope, I had to divide the command sequences into 95-minute blocks, because that’s how long it takes the telescope to orbit the Earth. Every 95 minutes the sun rises and falls. For the telescope a day lasts 95 minutes. The astronauts in the International Space Station also experience sunrises in 95-minute intervals, and I experienced them at my desk as I prepared my observations and floated through the universe in my head.

But the relativity of time means more than just having a different measure for the length of a day. In space, clocks run differently than they do on Earth— even if hardly anyone thinks it possible. At an orbit of 20,000 kilometers above the Earth they run 39 microseconds faster per day. Thus in 70 years our Earth clocks will be a second slower than our space clocks. That doesn’t sound like much, but today we have no problem measuring this minimal difference. This seemingly unremarkable discrepancy reveals a key aspect of Albert Einstein’s general theory of relativity: time really is relative. This theory doesn’t just describe our solar system, but also black holes and the space-time fabric of the entire universe.

The path to this discovery was an extraordinarily long one. It begins, in broad terms, with fundamental discoveries like the structure of our own solar system and the laws that govern it, and extends to our understanding of the structure and laws of the entire cosmos. In narrow terms, this path to discovery begins with understanding light’s paradoxical way of behaving as both a wave and a particle, and is naturally bound up with Einstein’s famous theory of relativity.

The key to all of this is a precise understanding of the remarkable qualities of light. What is especially astounding is that light doesn’t just make it possible for us to see, thereby enabling our discovery of the Earth, moon, and stars. In fact, light, time, space, and gravity are all closely interconnected.

Let’s take a moment to look back at the history of modern physics. For Isaac Newton, the author of the theory of gravitation, light consisted only of small corpuscles, that is, the tiniest of particles. Later, in the nineteenth century, the Scottish physicist James Clerk Maxwell, using as his basis the brilliant pioneering work of Michael Faraday, developed the theory that light and all other forms of radiation were electromagnetic waves. The radio signals necessary for Wi-Fi, cell phones, or car radios; the thermal radiation picked up by night-vision goggles; the x-rays we use to make bones visible beneath the skin; or indeed the visible light that our eyes perceive— according to Maxwell’s theory, these are all oscillations of electric and magnetic fields. They differ from one another only in terms of their frequency and the means by which they are produced and measured. But at their core, these oscillations all represent the same phenomenon— light: radio light, infrared light, x-ray light, and visible light.

In the frequency range used for cell phones, the waves oscillate a billion times per second, and their wavelength stretches over 20 centimeters. Visible light waves oscillate sextillions of times per second and are a hundred times smaller than the diameter of a hair. Because light waves of a certain color and frequency always oscillate at the same rate, light is also the perfect tempo-setter for a clock and the standard measure when it comes to keeping time. The most precise optical clocks today are calibrated to be accurate to within less than 10–19 seconds.5 Over the present life span of the universe, about 14 billion years, such a clock would only be about half a second off! That’s a degree of precision that earlier generations wouldn’t even have dreamed of.

But what exactly is it that’s doing the oscillating? For a long time it was believed that all of outer space was filled with so-called ether. What people had in mind wasn’t the chemical solvent, but rather a hypothetical medium in which electromagnetic waves, or light and radio waves, moved and fanned out like sound waves in the air.

One of the aspects of the Maxwell equations that was most surprising and baffling to physicists, and still is even today, was the notion that light of every color traveling in empty space was always supposed to move at the same constant speed, no matter how fast an observer might be traveling. An x-ray was just as fast as a radio wave or a laser beam, and in the Maxwell equations the speed of light was not dependent on the speed of the receiver or sender. We have known that light isn’t infinitely fast since the end of the seventeenth century at the latest, when Ole Rømer and Christiaan Huygens measured the movements of Jupiter’s moons and used them as clocks.6 But wouldn’t the speed of light have to change if one were flying at high speed through the mysterious ether, or standing still relative to it?

Let’s say I’m in the ocean on a surfboard. There’s a stiff wind blowing toward land and I’m paddling out perpendicular to the line of surf. The waves are coming toward me at high speed— indeed, just about as quickly as they’re crashing on the shore. But if I change directions and surf quickly with the wind and waves, I’m just as fast as the waves under my surfboard. Relative to my surfboard, the speed of the waves is small; relative to the shore, however, the speed of the waves is very high.

The same thing holds true for sound waves. If I’m riding my bike with a tailwind, the sound of a car honking its horn behind me reaches me somewhat faster than it would without wind, and I hear the warning a bit sooner. If I’m pedaling against the wind, the honk from behind reaches me somewhat later; the sound has to travel against the wind. If I were able to pedal at supersonic speeds relative to the wind, then I wouldn’t ever hear the honk. If I pedal even faster and outpace my own sound waves, then I break the sound barrier and cause a loud noise, because many of the sounds I make reach the person hearing them at the same time. Unlike jet pilots, however, no cyclist has yet managed to produce a sonic boom.

Radio waves must behave in the same manner, or so people thought more than a hundred years ago. The ether— like air in our atmosphere— fills the emptiness of outer space, and the Earth is like my bicycle or my surfboard, plowing through the ether at 100,000 kilometers per hour on its path around the sun. If you measure the speed of light in the direction of the Earth’s movement around the sun, then this “light speed” must actually be a completely different quantity compared to the quantity measured at a right angle or in the precise opposite direction— in other words, it must depend on whether the Earth is surfing through the ether with a tailwind or a headwind.

It was precisely this effect that the American physicists Albert A. Michelson7 and Edward W. Morley were out to prove toward the end of the nineteenth century. To do so, they measured the relative speed of light in two pipes that stood perpendicular to one another. The experiment was a spectacular failure. They could not prove any significant difference in the speed of light. There was thus no clear evidence that the ether existed— it was just an illusion.

Failures can be groundbreaking, and this failure would become one of a few key experiments that would set the history of physics and astronomy on its current path. That’s because the completely unexpected collapse of the ether theory caused whole edifices of theory to teeter, making it possible to cast aside old patterns of thinking and start looking out for new ideas. The best to come along were the new ideas of the young Albert Einstein,8 who was prepared to radically rethink everything and place physics on a new theoretical foundation. While other physicists were still beating their heads against the wall, Einstein was running headlong into a new era in which space and time no longer existed as absolutes. A bold theory emerged— the theory of relativity— and with it, Einstein essentially tossed out a physical conception of the world that had prevailed for centuries.

A LITTLE BOY DREAMS OF THE MOON

Having orbited the Earth enough times, we can now initiate the next phase in our space capsule’s mission protocol and set a course for the moon. The journey to the moon was an ancient dream of humanity. On July 20, 1969, Neil Armstrong set foot on the moon’s surface, taking what might be the most famous step a human being ever took, and the dream became reality. A few years later I could still feel the significance of this moment.

It’s a hot summer day in 1971, in the idyllic town of Strombach in the Bergisches Land region of North Rhine-Westphalia. Soft green hills and forests line the horizon, a group of children plays happily on the street in a small neighborhood of private homes. Pails and shovels, a tricycle with a push handle, and a couple of balls are all they need to be happy. The grown-ups sit on lawn chairs in the front yard and look on, relaxed.

But there’s one boy, small, a bit chubby-cheeked, who isn’t playing with the others. Alone in a dark room he stares captivated at the flickering, blurred black-and-white images on a large tube TV set. Falcon, the Apollo 15 lunar module, has just landed on the moon and is transmitting its images back to Earth. After the first spectacular and highly successful space missions, the great excitement that surrounded the moon landings in the Falcke family had quickly fizzled out.

Alone, the young boy can’t tear himself away from the screen. Almost five years old, he doesn’t yet have any idea of the size of space or the distance that NASA’s astronauts had to travel to get to the moon. He can’t even imagine how much energy this technological master stroke required or how significant this scientific achievement is. And yet, somewhere deep inside him, he senses how fascinating, how huge this bold undertaking is. This little boy takes in every second of this adventure; every second fires his imagination. What else must be possible, now that a person can walk on the moon, jump up and down on its surface, and even drive a vehicle around (which the astronauts on Apollo 15 actually did)? What else was out there for mankind to discover in this infinitely large sky?

The little boy was me, of course. We were staying at my great-aunt Gerda’s house for a few days. Back then the astronauts serving under Commander David Scott’s command seemed to me like heroes from the comic books. He and crewmember James Irwin set down in the Falcon very close to the Montes Apenninus, one of the largest lunar mountain ranges, while a third member, Alfred Worden, orbited the moon in the command module. When Scott set foot on the surface he said something deeply human: “I sort of realize there’s a fundamental truth to our nature: Man must explore!” “Yes!” I thought, “that’s me.” And today that should be said for all humans.

Like so many children, I wanted to be an astronaut. Later I came to understand, somewhat intuitively, that I wasn’t really cut out for it. I was quite well-rounded: I was athletic, I was able to work together with others, I was good in theoretical and experimental work, I knew my way around technology, and I was stress-resistant. But my hands start shaking very easily, and in high pressure situations I make too many mistakes. Many years later I had a chance to talk about this with the German astronauts Ulrich Walter and Ernst Messerschmid at a conference on space travel. They knew what they were capable of without being arrogant about it. “We astronauts have to go through an endless selection process— all the parameters have to be right,” one of them said to me. Not all the parameters were right in my case. Nevertheless— my dream to get close to the moon never died.

Depending on where the moon is along its elliptical orbit, a spaceship must cover a distance of between 356,000 and 407,000 kilometers in order to reach it. Most cars don’t manage to rack up that much mileage before breaking down, but light needs only about 1.3 seconds to cover this distance. Seen from an astronomical perspective, it’s somewhat sobering to realize that even the best cars travel scarcely farther than a light-second— an important astronomical measure.

Light speed is the only truly constant measure in the universe. Thus it makes perfect sense to express the size of outer space in units of light. The light-year is in reality a measure of length, not of time, as one might assume based on the word year. We get a sense of the giant distances that exist in space when, in talking about the cosmos, we sometimes speak of many billions of light-years. For astronomers the moon is neither our cosmic front yard nor our cosmic back courtyard. At most it serves as the threshold we cross on our journey out into the universe.

Being a good light-second away also means that everything we see of the moon on Earth is always over a second old. When we look out into space, we always see its past. In the moon’s case it’s only a little more than a second; in the case of the galaxies that we study, we look back millions and billions of years.

Thus light always reaches us with a “delay”— a small lag for light sources here on Earth and an enormously large one for light from the depths of space. As a result, we can never know exactly what’s happening somewhere else at exactly this moment— not in the universe and not even here on Earth.

Incidentally, there’s a very practical way to measure and experience the delayed arrival of light from the moon. A Dutch colleague of mine celebrated his wedding in the control room of a radio telescope and sent his “I do” to the moon via radio wave. There it reflected off the moon’s surface, and after 2.6 seconds it came back to the control room. This happened so quickly that within that short interval of time the bride wasn’t able to run away— the marriage was official. It was probably the world’s first “moon bounce” wedding.9

For somewhat less celebratory purposes, indeed for purely scientific and technological reasons, we also regularly shoot laser beams at the moon today. These reflect against mirrors that were placed there by the Apollo missions— notwithstanding the claims of conspiracy theorists who say that NASA never landed on the moon. The mirrors function now as they did then. From the delay of the light echo, the movement and distance of the moon can be measured in exceedingly precise fashion and we can test predictions made by the theory of general relativity.

We can also see that every year the moon gets four centimeters farther away from us and the Earth rotates a little more slowly. Gravitational forces bind the Earth and moon together, and tidal forces cause each to slow down the other’s rotation somewhat. Each month and day lasts a tiny fraction of a second longer each year. In theory we age somewhat slower as a result, but also die a bit earlier— if our age is expressed in months and days, that is. Four and a half billion years ago there were only six hours in a day10— a horrifying thought for workaholics like me.

The rotation of the moon is already almost completely halted. During its orbit around the Earth it turns on its axis exactly once, and as a result it always shows us the same side. That’s why the same face of the friendly man in the moon is always smiling down on us. Only since the first moon missions have we been able to see the far side of the moon. It’s not the dark side of the moon, as it is often poetically described, because the sun shines there for two weeks every month. Still, the far side of the moon has remained a mysterious and nearly unexplored world.

I’ve never completely given up on my own personal moon dream, and in a certain respect it has actually come true in the form of the LOFAR radio telescope11 in the Netherlands, which I led for a time. LOFAR stands for “low-frequency array” and is a network of radio antennas that operate in the low-frequency range. They are linked together to form a single observatory— a supercomputer combines the data and creates a virtual telescope. It is meant to make it possible for us to look back almost to the Big Bang and to help us find all the active black holes in the universe.

Today the LOFAR network consists of 30,000 antennas in various locations throughout Europe— LOFAR has become a continental telescope. But the ideal spot to receive cosmic radio waves without interference is the far side of the moon. This is because on Earth, astronomers’ biggest problems are the stray radiation caused by terrestrial radio transmitters and the distorting effect that the uppermost layer of the atmosphere, the ionosphere, has on cosmic radio waves. We never see the far side of the moon from Earth; consequently, you can’t pick up any stray radiation from Earth there. “The moon might be the best place on Earth to do radio astronomy,” I like to say, half-jokingly. But for a long time, the idea of building antennas there seemed to me an impossible dream.

Both in space travel and in science, you need to have a lot of patience. If you do, sometimes something unexpected happens. I experienced something of the sort in October 2015, when, during a state visit, Dutch king Willem-Alexander and Chinese president Xi Jinping made an agreement to work together on space travel. As part of the agreement, the Chinese offered to take a lunar antenna developed by us for the LOFAR program with them into space. It was the first Dutch instrument included in a Chinese moon mission. In May 2018, a rocket built by the Chinese space agency CNSA launched from the Xichang cosmodrome with this antenna on board. It was this rocket whose launch I followed via livestream while vacationing in Ireland— at the same time that the very first image of a black hole was coming together. At the time all my energy was focused solely on this image; it was the most strenuous phase of my scientific life. Because of this, I reluctantly had to leave my childhood dream in the hands of my colleagues.

Our LOFAR observation station is mounted on the Chinese communications satellite Queqiao. The satellite, whose name translates to “bridge of magpies” in English, is parked at a distance of between 40,000 and 80,000 kilometers behind the moon. Queqiao’s primary function is to relay radio signals back to Earth from the far side of the moon. But in fall 2019 we extended our antenna, and we’ve been listening to cosmic signals ever since. Most recently we’ve been searching for an extremely weak radio static that according to present-day theories must have emerged at some point in the dark ages of the universe— billions of years ago, before the birth of the first stars. It contains a radio echo of the Big Bang— the beginning of space and time. We will probably need many years to complete the extremely difficult data analysis, and it’s quite possible that only future missions will be able to find something.

But even before it got to the moon, the satellite presented me with a special sight. The small onboard camera managed to take a unique snapshot as Queqiao was on its way to its position in orbit. The photo shows the moon and, behind it, almost the same size, the Earth. In a corner of the photo is our still-retracted antenna.

When I saw this, I felt like that little boy in front of the old black-and-white TV set again: looming there before me was the mysterious far side of the moon, and behind it I saw, tiny and blurred, our own blue planet, on which I was now sitting. I hadn’t ever made it to the moon myself, but in this moment I felt “at home” there. Ever since then, every time I look up at the moon, I like to think that there’s now a little part of me up there.
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