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The voice of space 
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At Livingston in Louisiana is a 4-kilometre “ruler” made of laser light. Three 
thousand kilometres away in Hanford, Washington State, is another 4-kilometre ruler 

made of laser light. At 5.51am Eastern Standard Time on 14 September 2015, a 
shudder went through the Livingston ruler. And 7 milliseconds – less than a 

hundredth of second – later an identical shudder went through the Hanford ruler. It 
was the unmistakable calling card of a passing gravitational wave – a ripple in the 

fabric of space-time, predicted by Einstein almost exactly 100 years earlier. 
 Imagine you have been deaf since birth, then, suddenly, overnight, you can 

hear. This is the way it is for physicists and astronomers. For all of history they have 
been able to “see” the Universe, with their eyes and with their telescopes.  Now, for 

the first time, they can “hear” it.  Gravitational waves are the “voice of space”. 
Things can get overhyped in science. However, the discovery of gravitational waves 

on 14 September 2015 is arguably the most significant developments in astronomy 
since Galileo turned his telescope on the heavens in 1609. 

 Gravitational waves are a prediction of Einstein’s theory of gravity – the 
general theory of relativity – which he presented in Berlin in November 1915 at the 

height of the First World War. Isaac Newton had imagined the force of gravity to be 
like an invisible tether connecting the Earth to Sun and keeping the Earth trapped 

forever in orbit.  Einstein showed this is wrong. The “force” of gravity does not exist. 

What a mass like the Sun actually does is create a “valley” in the space-time around 
it. And the Earth rolls around the edge of the valley like a roulette ball on a roulette 

wheel. 
 We are unaware we are travelling through the hills and valleys of space-time 

because it is a 4-dimensional thing and we are lowly 3-dimensional beings. In our 
ignorance, we have invented a force - gravity - to explain our motion around the 
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Sun. The ultimate proof that space-time is actually a “thing” that can be warped and 

twisted by the presence of matter is that it can also be rippled like the surface of a 
pond. Such a ripple, spreading outwards from its source in concentric waves, is a 

gravitational wave. 
 Gravitational waves arise whenever matter changes its motion, or 

“accelerates”. Wave your hand in the air. Invisible ripples of space-time are now 
propagating outwards from your hand at the speed of light. Already, they have left 

the Earth. They have passed the Moon and are well on their way to the planet Mars. 
In just over four years’ time, they will reach the nearest star system. One of the 

three stars of Alpha Centauri is known to be orbited by a planet. If it boasts a 
technological civilisation that has built a gravitational wave detector, the 

gravitational waves you just made by waving your hand in the air will be picked up 
some time in the Spring of 2022. 

 There is a proviso. Such a detector on Alpha Centauri would have to be 
super-sensitive because the gravitational waves made by your hand are extremely 

weak. This is because gravity is extremely weak. Maybe you think it is strong. After 
all, you can jump barely a metre in the air before it pulls you back down again. 

However, if we compare it with the electric force which glues together the atoms in 
your body, gravity is 10,000 billion billion billion billion times weaker (The reason the 

weakest force in nature controls the Universe is that gravity is stronger the more 

matter there is, and on astronomical scales, it beats all of other forces into 
submission). 

 Another way of saying that gravity is extremely weak is that space-time is 
very stiff. In fact, it is a billion billion billion times stiffer than steel. The skin of a 

drum is easy to vibrate because it is flexible. But imagine trying to vibrate a drum 
skin a billion billion billion times stiffer than steel. The incredible stiffness of space-

time means that appreciable gravitational waves are created only by the most 
violent movements of mass in the Universe. And this was true of the gravitational 

waves picked up on Earth on 14 September 2015. 
 In a galaxy far, far away, at a time when the most complex organism on 

Earth was a bacterium, two monster “black holes” were locked in a death spiral. 
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They whirled about each other one last time. They kissed and coalesced. And, in 

that instant, there was unleashed a tsunami of tortured space-time. 
 It was a mind-bogglingly powerful event. In the explosion of an H-bomb 

something like a kilogram of mass is destroyed. It is converted into other forms of 
energy, principally the heat of the nuclear fireball. In the merger of the two black 

holes, however, the three times the mass of the Sun vanished. It re-emerged as 
gravitational waves. The power in the waves was 50 times greater than the power 

emitted by all the stars in the universe together. Or, to put it another way, if the 
black hole merger had created light rather than gravitational waves, it would have 

shone 50 times brighter than the entire Universe. This is the most powerful event 
ever witnessed by human beings. 

 The gravitational waves spread out across space – getting weaker all the 
time, just like ripples on a pond – and 1.4 billion years later they arrived at the 

Earth. As they passed through the planet, they alternately stretched everything in 
one direction and squeezed it in a perpendicular direction. Did you by any chance 

feel a bit queasy on 14 September 2015? Well, if you did, it must have been 
something you ate the night before because the effect was fantastically small. In 

fact, as the gravitational waves passed between the Sun and Alpha Centauri, they 
changed their separation – a distance of more than 9 trillion kilometres - by only 

0.01 millimetres. 

 To detect gravitational waves, the scientists at Hanford and Livingston 
measured a change in the length of their 4-kilometre rulers of a mere hundred 

millionth the diameter of a single atom. When you realise it would take 10 million 
atoms laid end to end to span the full stop at the end of this sentence, you 

appreciate what a staggering achievement this was. 
 The Hanford and Livingston rulers are collectively known as the Laser 

Interferometric Gravitational Wave Observatory. LIGO is a technological marvel. 
Each site actually hosts two tubes 1.2 metre in diameter, arranged in an “L” shape, 

down which up to a megawatt of laser light travels in a vacuum better than space. 
At the end of each is a 40-kilogram mirror, suspended by glass fibres just a few 

times the thickness of a human hair and so perfect it reflects 99.999 per cent of the 
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incident light. It was the Lilliputian movement of these suspended mirrors that 

signalled a passing gravitational wave on 14 September 2015. 
 “The discovery was utterly thrilling,” says Sheila Rowan, Director of the 

University of Glasgow’s Institute for Gravitational Research and Chief Scientific 
Advisor for Scotland. The UK and Germany worked together on the "Advanced LIGO" 

project, creating the technology to put into the initial LIGO detectors and turning 
them into the super-sensitive devices that picked up the signal. “It's incredible to 

think that our suspended mirrors were shaken by the final moments of black holes 
colliding about 1.4 billion years ago.” 

 LIGO is actually is a super-sensitive seismometer. It is so responsive it can 
pick up storms on the other side of the US. It can detect cars on roads tens of 

kilometres away. It can pick up LIGO staff members riding their bikes alongside the 
arms of the detector. It can respond to ocean waves crashing on shores hundreds of 

kilometres away. And it can register nearly every significant earthquake on Earth. 
Isolating LIGO from all these mundane vibrations so as to spot the infinitesimal 

shudder of a passing gravitational wave was a monumental challenge. It explains 
why the 2017 Nobel Prize for Physics went to three scientists behind the project:  

Rainer Weiss, Kip Thorne and Barry Barish. 
 Spare a thought, though, for a Scots physicist. In the 1980s, when I was a 

physics graduate student at the California Institute of Technology - co-constructor of 

LIGO with the Massachusetts Institute of Technology - I went to a talk by Ron 
Drever. A short, dumpy man who carried his papers in two supermarket carrier bags, 

he put up overhead projector transparencies which were covered with tea stains and 
greasy fingerprints. The fact this man was head-hunted by Caltech – ranked the 

number one university in the world by The Times Higher Education Supplement in 
2013 – says a lot. 

 Drever was an experimental genius. He built a television from scratch on 
which his family watched the 1953 coronation of the Queen. And he invented much 

of the ingenious technology behind LIGO. However, according to Janna Levin, 
author of Black Hole Blues, he was incapable of sharing control of the project. “He 

never lived in this world,” said Thorne. “He was a brilliant child.” 



 5 

 In 1997, Drever was kicked off the project. But he remained in Pasadena, 

close to Caltech, confused and saddened by events. An unworldly man who, Levin 
says, never married and had no real friends in the US, he finally succumbed to 

dementia. Eventually, Caltech professor Peter Goldreich took him to New York’s JFK 
airport and put him on a flight to Glasgow, where he was met by his brother. He 

ended up in a care home. 
 After the announcement of the discovery of gravitational waves on 11 

February 2016, I repeatedly tweeted a message to the Nobel committee about 
Drever, urging them HURRY UP! Sadly, I was not successful. Drever died on 7 March 

this year, six months before the award of the Nobel Prize, and Scotland missed out 
on an honour it may well have won. 

 But though it was clear the discovery of gravitational waves was worthy of 
the Nobel Prize, some thought it worthy of the X-Files. Levin writes of a LIGO 

scientist on a flight into Baton Rouge that took the plane over the Livingston 
detector. The man in the seat beside him pointed out the window at “the secret 

government facility”. “They’re building a time machine, down there” he said. “One 
arm goes to the future. The other to the past.” 

 So far, LIGO has detected five sources of gravitational waves, four of which 
were merging black holes. A black hole is the endpoint of the life of a massive star. 

Paradoxically, when such a star explodes as a “supernova” – often outshining a 

whole galaxy of 100 billion stars - its core implodes (In fact, the implosion is 
believed to trigger the explosion).  As the core shrinks ever faster, becoming ever 

denser, its gravity gets stronger and stronger, until it is so powerful that nothing, 
not even light, can escape. At that moment, a black hole is born. Whereas the Sun is 

surrounded by a mere dimple in space-time, a black hole is a bottomless pit out of 
which nothing can ever climb. 

 The black holes detected by LIGO pose a huge puzzle because they are far 
bigger than anyone expected - around 30 times the mass of the Sun in the case of 

the first pair. It is a problem because, in the explosion of a supernova, most of a 
star’s matter is blown into space and very little ends up imploding to make a black 

hole. To end up with a 30-solar-mass black hole requires a star of at 300 times the 
mass of the Sun. Such stars are so rare as to be practically non-existent. 
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 So where did the LIGO black holes come from?  One idea is they are relics of 

the very first generation of stars, which formed shortly after the big bang, the titanic 
explosion in which the Universe was born 13.82 billion years ago. No one has ever 

seen such as star, probably because they all blew up long ago. But there are 
theoretical reasons to believe such stars were monsters, much bigger than today’s 

suns.  If, among the 100 billion suns of our Milky Way galaxy, we have indeed found 
the relics of two of the very first stars, it would be like spotting in London’s Oxford 

Street two Roman legionnaires who have hung around since the Empire departed in 
410 AD. 

 However, there is another, more controversial, possibility for the origin of the 
overly massive black holes. The Universe’s mysterious “dark matter” outweighs the 

visible stars and galaxies by a factor of about six. We know it is there because we 
can see the visible matter being tugged by the gravity of invisible stuff. Nobody 

knows what the dark matter is made of – there is a Nobel Prize waiting for you in 
Stockholm if you find out -  but most physicists think it is made of some as yet 

undiscovered subatomic particle. No such particle has turned up at any dark matter 
experiment or at the Large Hadron Collider “atom-smasher” near Geneva. But 

another possibility is that the dark matter is made of black holes - not ones that 
formed from dying stars but ones born in the violent conditions of the first split 

second of the big bang fireball. 

 If the merging black holes are indeed “primordial”, then the discovery on 14 
September 2015 is unprecedented in the history of science because it would confirm 

three separate things: the existence of black holes (because we were not 100 per 
cent sure they were real), the existence of dark matter and gravitational waves. 

 The fifth source of gravitational waves was announced only on 16 October. It 
was picked up by LIGO as well as Europe’s Virgo detector near Pisa. It was not the 

merger of two black holes but the merger of two “neutron stars”. Such objects form 
when the core of an imploding star is not massive enough for its gravity to crush it 

all the way down to a black hole. Compressed into a volume no bigger than Mount 
Everest, a neutron star is so dense that a sugar-cube of its matter weighs as much 

as the entire human race. 
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 Neutron star mergers are very different from their black hole counterparts. 

When black holes coalesce, they create no light that can be seen by telescopes 
because such cosmic vacuum cleaners long ago sucked in all surrounding matter 

that might glow with light. “The black holes of nature are the most perfect 
macroscopic objects there are in the Universe,” said the Nobel-prize-winning 

astrophysicist Subrahmanyan Chandrasekhar. “The only elements in their 
construction are our concepts of space and time.” Crucially, however, neutron stars, 

are not made simply of space and time but of real stuff that gives out light. And that 
was picked up by telescopes all over the world. 

 Most significant was an intense burst of high-energy light. In the 1960s, the 
Americans launched spy satellites to look for such “gamma rays”, which would reveal 

any clandestine Russian H-bomb tests. To their surprise, the satellites picked up a 
burst of gamma rays pretty much every day. Fortunately for all of us, the detectors 

had a directional capability and determined that the bursts were coming from space 
(otherwise they might have triggered a nuclear war). When astronomers learnt of 

the existence of such “gamma ray bursters”, on their de-classification in 1980s, they 
speculated that they were produced by merging neutron stars. Now we know they 

are. 
 The gamma rays carry the “fingerprints” of the chemical elements that 

produced them. In the case of the neutron star merger announced on 16 October, 

they reveal that frenzied nuclear reactions in the fireball of the colliding stars forged 
an amount of gold equal to about 10 times the mass of the Earth. It is a reminder 

that all this space stuff is not as esoteric and irrelevant to your life as you may think. 
Hold up your hand. That’s a piece of a star. The iron in your blood, the calcium in 

your bones, the oxygen that fills your lungs each time you take a breath… all were 
forged inside stars that lived and died before the Earth and Sun were born. You are 

stardust made flesh. You were literally made in heaven. And, if you have a gold 
wedding ring or a piece of gold jewelry, now, at last, we know where the precious 

metal came from. It came from merging neutron stars. Can there be a more startling 
connection between the everyday and close-to-home, and the faraway and cosmic? 

 The merger of neutron stars and black holes did not surprise the LIGO and 
Virgo experimenters. They had hoped to detect them. But what is most exciting 
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about the gravitational wave “window” they have opened up on the Universe is the 

possibility of seeing things nobody expects and of being utterly surprised. "The 
discoveries, made by our 1000-strong international team, are just the start,” says 

Rowan. “There should be lots more amazing stories to come." 
 We can learn a lesson from light. Once upon a time, we knew only of light we 

could see with our eyes. Then we discovered that this is merely a tiny fraction of the 
“electromagnetic spectrum”. In addition to the colours of the rainbow, there are a 

million other invisible colours. When we learnt to look at the Universe with artificial 
eyes that could see such colours - gamma rays, X-rays, ultraviolet, infrared and 

radio waves – we discovered all kinds of unexpected things. We discovered gamma 
ray bursters and “pulsars”. We discovered “quasars” and supermassive black holes. 

We discovered the relic “afterglow” of the big bang fireball and planets around other 
stars – more than 3000 of them at last count. 

 Now, with the success of LIGO and Virgo, we stand at the dawn of a new era 
in astronomy. It really is as if we have been deaf and now have gained a sense of 

hearing. But, at present that sense of hearing is crude and rudimentary. At the very 
edge of audibility, we have heard a sound like the distant rumble of thunder. But we 

have yet to hear the equivalent of birdsong or of a baby crying or of a piece of 
music. As LIGO and Virgo and other gravitational wave experiments around the 

world ramp up their sensitivity, who knows what wonderful things we will discover 

as we tune into the cosmic symphony? 
 

 
Marcus Chown’s latest book, The Sunday Times Science Book of the Year 2017, is 

The Ascent of Gravity (Weidenfeld & Nicolson).  
 


