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Stephen Hawking: The Definitive Guide

His Life, Science and Ideas

A free, independent educational guide to the life, science and ideas of Professor Stephen Hawking (1942 to 2018): his discoveries explained in plain English, his books, his views on the big questions, and the research behind them.

Compiled from stephenhawking.co.uk.

A share of any revenue from the website supports the Motor Neurone Disease Association, the charity Stephen Hawking served as a patron.

This guide is not affiliated with, authorised by, or endorsed by the Estate of Stephen Hawking, his family, or the University of Cambridge. It is an independent work of reference. Every effort has been made to ensure accuracy; corrections are welcome via the website.




Life

Stephen William Hawking was born in Oxford on 8 January 1942 and died in Cambridge on 14 March 2018. Between those dates lies one of the most improbable lives in modern science.

It is a life of sharp contrasts. A clever but unremarkable schoolboy who coasted through Oxford became, at Cambridge, one of the most original cosmologists of his generation. A young man handed a death sentence at twenty-one went on to hold Isaac Newton’s old chair, write a book read by millions, and become the most famous scientist in the world. A body that failed him almost completely housed a mind that ranged across the entire universe.

The pages below tell that story in full: his early life and education in St Albans and at Oxford and Cambridge; the diagnosis of motor neurone disease that should have ended everything, and the slow, near-miraculous course it took instead; his career at Cambridge and the discoveries that defined it; his family and personal life, as human and complicated as anyone’s; and his death and interment among the greatest scientists Britain has produced.

For a quick chronological overview, see the timeline; for the science itself, the discoveries; and for the honours and influence he left behind, legacy and honours.


Early Life & Education

Stephen William Hawking was born in Oxford on 8 January 1942, in the middle of the Second World War. His parents, Frank and Isobel, lived in London, but with German bombing at its height they had agreed that Oxford, where the two sides observed an unofficial truce on bombing in exchange for sparing Heidelberg, was a safer place for the birth. Hawking enjoyed pointing out that he was born exactly three hundred years after the death of Galileo. He was equally fond of noting that, on the day he was born, around two hundred thousand other babies arrived too, so the coincidence was not as cosmic as it sounded.


An eccentric, bookish family

Both his parents had studied at Oxford, his father medicine, his mother philosophy, politics and economics, at a time when few women did. Frank Hawking became a respected researcher in tropical diseases. The family had a reputation for brilliance and for eccentricity in equal measure: meals taken in silence with everyone reading, a dilapidated old taxi bought cheaply and kept running, a general indifference to appearances and convention.

In 1950 the family moved to St Albans, north of London. The young Hawking was clever but by no means a prodigy in the classroom. He was an unremarkable student in terms of marks, ranked around the middle of his class, but his teachers and friends recognised an unusual mind. His schoolmates nicknamed him “Einstein,” partly in irony and partly not. He was fascinated by how things worked, took clocks and radios apart, built model aeroplanes and boats, and with a group of friends even constructed a simple logic computer out of recycled clock parts and switches.



Oxford

Hawking wanted to study mathematics, but his father pushed for medicine, seeing better career prospects. The compromise was University College, Oxford, his father’s old college, which did not offer a mathematics degree, so he read physics and chemistry instead, winning a scholarship and going up in 1959 at the age of seventeen.

By his own account, Oxford was a strange interlude. He found the work undemanding, even dull, and the prevailing student culture of effortless cool meant that visible hard work was frowned upon. He later estimated, only half-joking, that he did about a thousand hours of study across his entire three-year degree, roughly an hour a day. For a time he was lonely and bored, until he joined the college boat club as a coxswain, the small crew member who steers and calls the rhythm. It made him popular and gave him a place in college life.

His final examinations produced one of the most-told stories about him. His marks fell on the borderline between a first-class and a second-class degree, which meant an oral examination, a viva, to decide. Asked about his plans, Hawking reportedly told the examiners that if they gave him a first he would go to Cambridge, but if he got a second he would stay at Oxford, and that they should therefore expect him to be much more agreeable to Cambridge. They awarded the first.



Cambridge and the first signs

In 1962 Hawking moved to the University of Cambridge to begin a PhD in cosmology. He had hoped to work under the celebrated astronomer Fred Hoyle, but was instead assigned to Dennis Sciama, a supervisor he came to value enormously and who was at the centre of British cosmology. Cosmology suited him: it was a field where deep questions about the whole universe could be attacked with mathematics, and where, crucially, much of the hardest thinking could be done in the head.

It was around this time, in his last year at Oxford and his first at Cambridge, that something began to go wrong. He grew increasingly clumsy, fell over for no obvious reason, and on a visit home his family noticed his speech was slightly slurred. The investigations that followed would, early in 1963, deliver a diagnosis that should have ended his career before it had truly begun. That story is told in the ALS diagnosis at 21.

He was born three centuries to the day after Galileo died, a link explored in Hawking vs Galileo.




The ALS Diagnosis at 21

The clumsiness that had troubled Hawking in his final year at Oxford grew worse after he arrived in Cambridge. He fell on a flight of stairs, struggled with rowing, and his speech began to slur. Over the Christmas of 1962 his family noticed enough to insist he see a doctor. After a spell of tests in hospital early in 1963, shortly after his twenty-first birthday, he was given the diagnosis: amyotrophic lateral sclerosis, a form of motor neurone disease.


A two-year sentence

The prognosis was devastating. The doctors expected the disease to progress quickly, attacking the nerves that controlled his muscles until he could no longer move, swallow or breathe. They gave him around two years to live. He was twenty-one, newly arrived at Cambridge, at the very start of a research career, and he had just been told he would not live to finish it.

Hawking fell into a depression. He shut himself away, listened to a great deal of music, and for a while saw little point in continuing his work, since he did not expect to be alive to complete a doctorate. He later described a recurring dream from this period in which he was about to be executed, and how it made him realise that there were things worth doing if he were reprieved.



Two things that pulled him back

Two developments changed the course of those years, and with them his life.

The first was that the disease progressed far more slowly than anyone had predicted. The rapid decline the doctors expected did not come. As months passed and then years, it became clear that he had an unusually slow-moving form of the condition, possibly connected to its rare early onset. The time he had assumed was denied him was, against the odds, being granted.

The second was personal. Around the time of his diagnosis he had met Jane Wilde, a young woman studying languages. Their relationship deepened into an engagement, and Hawking later said it gave him something to live for. With the prospect of marriage, he needed a job; to get a job he needed to finish his PhD; and so, for the first time in his life, he began to work in earnest. The looming sense of an early death, rather than paralysing him, focused him. If his time was short, he reasoned, he had better do something worthwhile with it. He and Jane married in 1965.



A slow, decades-long progression

The disease never reversed, but it advanced with extraordinary slowness. Hawking walked with a stick, then needed crutches, and from the late 1960s used a wheelchair. His speech grew progressively harder to understand, until by the early 1980s only those who knew him well could follow it, often relaying his words to others.

The decisive turn came in 1985. On a trip to Geneva he contracted pneumonia and, gravely ill, underwent a tracheotomy to help him breathe. The operation saved his life but removed his ability to speak entirely. For a time he could communicate only by having someone point to letters on a card and raising his eyebrows at the right one. It was then that the computerised speech system that became his trademark was developed, allowing him to select words and have them spoken by a synthesiser, a system explored on the page about the voice.



An almost unparalleled survival

Hawking lived for fifty-five years after his diagnosis, dying in 2018 at the age of seventy-six. For a disease that usually proves fatal within two to five years, this is almost without parallel, and it is not fully explained even now. The likeliest medical explanation is the rare, slowly progressing, early-onset form of the disease he happened to have, combined with decades of exceptional care.

Whatever the cause, the consequence was profound. Hawking did virtually all of his most important physics, and became the most famous scientist in the world, in a body that the medical consensus had expected to fail by 1965. He never hid from the disease, but he refused to be defined by it, a stance explored further in his approach to how he thought and his lifelong support for motor neurone disease research.

This page touches on serious illness. If you or someone you know is affected by motor neurone disease, the MND Association offers information and support.

Living so long under an early death sentence shaped his outlook; see what Hawking thought about death.




Career & the Cambridge Years

Stephen Hawking spent essentially his entire working life at the University of Cambridge, much of it at the Department of Applied Mathematics and Theoretical Physics. Over more than forty years he rose from a doctoral student who had been told he had no future to the holder of one of the most storied chairs in science, and produced the run of discoveries that made his name.


A research career begins

Hawking completed his PhD under Dennis Sciama in 1965. His thesis already showed the direction of his thinking: it dealt with the properties of an expanding universe and the question of singularities, the points where the equations of general relativity break down. He had been galvanised by the work of the mathematician Roger Penrose, who had shown that singularities could form in collapsing stars.

The collaboration with Penrose became one of the most productive in twentieth-century physics. Through the late 1960s the two of them developed the singularity theorems, proving that, under general relativity, both black holes and the universe itself must contain singularities. It was rigorous, original work, and it established Hawking, still in his twenties, as a serious figure.



The great discoveries

The 1970s were Hawking’s most productive decade. In 1971 he proved his area theorem, that the surface area of a black hole’s event horizon can never decrease, a result that hinted at a deep and unexpected link between black holes and the physics of heat. Then, in 1974, came the discovery that carries his name: Hawking radiation, the prediction that black holes are not entirely black but slowly emit radiation and can eventually evaporate. It united, for the first time in a single result, gravity, quantum mechanics and thermodynamics, and it remains his most celebrated contribution.

Recognition followed quickly. In 1974, at the age of thirty-two, he was elected a Fellow of the Royal Society, unusually young for the honour.



The Lucasian Chair

In 1979 Hawking was appointed Lucasian Professor of Mathematics at Cambridge. The position is among the most prestigious in the academic world; its holders have included Isaac Newton and Paul Dirac. Hawking held the chair for thirty years, until reaching the customary retirement point in 2009, after which he continued as Director of Research at the department. To occupy Newton’s chair, while doing original physics from a wheelchair and, after 1985, through a speech synthesiser, made him a singular figure in the public imagination as well as the scientific one.

Around him grew a research group of students and collaborators. Working with him was demanding in unusual ways, the slow, deliberate pace of his communication forcing a particular clarity, but a long line of physicists trained under him went on to distinguished careers of their own.



Fame, and work that never stopped

In 1988 Hawking published A Brief History of Time, his attempt to explain the universe to a general readership. Its astonishing success, tens of millions of copies sold, transformed him from a respected physicist into a global celebrity, a story told on the books pages.

Fame did not slow the physics. He continued to work on the deepest problems in the field for decades, returning again and again to the black hole information paradox that his own discovery had created, contributing to the theory of cosmic inflation and the origin of the universe, and publishing scientific papers into the final years of his life. He also threw himself into public engagement, lectures, television, and advocacy on issues from disability rights to the future of humanity.

By the time he stepped back from the Lucasian Chair in 2009, Hawking had spent half a century at the frontier of theoretical physics, defying both the disease that should have stopped him and the limits of what anyone expected a single career to contain.

In taking the Lucasian Chair he followed Isaac Newton; the two are compared in Hawking vs Newton.

His 1966 doctoral work is covered in Stephen Hawking’s PhD thesis.




Family & Personal Life

For all his public fame, Stephen Hawking had a private life of real complexity, shaped at every turn by his illness. He wrote about it candidly in his memoir, and the broad facts are well documented; what follows keeps to those facts and leaves the speculation to the tabloids.


Jane

Hawking met Jane Wilde, a friend of his sister, around the time of his diagnosis in 1962 and 1963. Their relationship gave him a reason to fight on when the prognosis had left him without one, and they married in 1965. Jane was studying for a degree in modern languages and went on to earn a doctorate of her own while raising their family and caring for an increasingly disabled husband.

They had three children: Robert, born in 1967, Lucy, born in 1970, and Timothy, born in 1979. Family life was conducted around the steady advance of the disease and, later, around the demands of Hawking’s growing fame, which brought a stream of visitors, carers, students and journalists into the household.

The strain was considerable, and Jane was open about it in her own memoir, which later formed the basis of the film The Theory of Everything. Caring for Hawking became more than one person could manage, and as nursing help came into the home the marriage came under increasing pressure. Hawking and Jane separated around 1990 and divorced in 1995.



Elaine

In 1995 Hawking married Elaine Mason, one of the nurses who had been caring for him. The marriage lasted until their divorce in 2006. It was the more turbulent of the two, and was the subject of a good deal of press attention and rumour during those years; Hawking himself did not pursue the various claims that circulated, and out of respect for everyone involved this site does not repeat unverified accounts.



Reconciliation

What is clear, and more important, is that in his later years Hawking grew close again to Jane, their children and his grandchildren. The family appeared together at public occasions, including the premiere of The Theory of Everything, and Jane and the children were a steady presence around him at the end of his life. His daughter Lucy became a journalist and author, and the two collaborated on the George’s Secret Key series of children’s books, weaving real science into adventure stories, a warm late chapter in their relationship.



A private man in a very public life

Hawking’s personal life cannot be separated from his physics, because the same disease shaped both. The condition that confined him also, by his own account, gave him uninterrupted time to think; the fame his work brought reshaped his household; and the people who cared for him made the work possible at all. He could be stubborn, mischievous and difficult, as well as brave and funny, and he did not present himself as a saint. The honest picture is of an extraordinary mind living an ordinary, complicated human life under entirely unordinary conditions.

Beyond his family, he was active in public life; see his activism and public life.




Death & Interment at Westminster Abbey

Stephen Hawking died peacefully at his home in Cambridge in the early hours of 14 March 2018, at the age of seventy-six. His children released a statement describing him as a great scientist and an extraordinary man whose work and legacy would live on for many years. He had lived for fifty-five years beyond a diagnosis that had given him two.


A date with a certain symmetry

The timing had the kind of numerical neatness Hawking would have relished. He died on 14 March, which in the month-day convention is written 3.14, the first digits of pi, and so is celebrated each year as Pi Day. It was also the anniversary of the birth of Albert Einstein, the physicist whose theory of general relativity underpinned almost all of Hawking’s own work. Having been born on the three-hundredth anniversary of Galileo’s death, he now died on Einstein’s birthday: a life bracketed, fittingly, by the giants of physics.



Tributes

The response was immediate and global, on a scale rarely seen for a scientist. Fellow physicists, world leaders, astronauts and millions of ordinary people paid tribute, not only to the discoveries but to what his life had represented: the triumph of a mind over a body that had failed it, and the proof that profound disability need be no barrier to the highest achievement. For a great many people he had been the face of science itself.



The funeral and the Abbey

Hawking’s funeral was held on 31 March 2018 at Great St Mary’s, the university church in Cambridge, near the college and department where he had worked for half a century. It was a private service for family, friends and colleagues, while crowds gathered outside.

Then, on 15 June 2018, his ashes were interred at Westminster Abbey in London, in a service of thanksgiving. He was laid to rest in the nave, beside the grave of Isaac Newton and close to that of Charles Darwin, an honour reserved for a very small number of the most significant figures in British history. The placement made a statement that needed no words: Britain regarded Hawking as belonging in the company of the greatest scientists it had produced.

His memorial stone carries an inscription of the equation for the temperature of a black hole, the Hawking temperature, drawn directly from the discovery of Hawking radiation that was his defining contribution. It is a rare thing for a scientist’s own equation to mark their grave.

As part of the commemorations, the European Space Agency broadcast a specially composed message featuring Hawking’s synthesised voice towards a distant black hole, a gesture both poetic and entirely in keeping with the man, sending the most famous voice in science out into the cosmos he had spent his life trying to understand.



What he left behind

Hawking’s legacy runs along several lines at once: the physics, still shaping research today; the books that brought cosmology to millions; his advocacy for motor neurone disease research and disability rights; and the example of a life lived with humour and determination against extraordinary odds. Those threads are gathered on the legacy and honours page.

His resting place beside two other giants invites comparison; see Hawking vs Newton and Hawking vs Darwin.

His grave and other sites associated with him can be visited; see where to see Stephen Hawking.




Stephen Hawking’s PhD Thesis

Long before the bestselling books and the global fame, Stephen Hawking was a Cambridge graduate student writing a doctoral thesis. That thesis, completed in 1966 and titled Properties of Expanding Universes, marked the real beginning of his scientific career, and decades later it became an unlikely internet sensation.


What the thesis contained

The thesis examined the implications of an expanding universe within Einstein’s general relativity. Its most important section dealt with singularities: the question of whether the universe must have begun from a single point of infinite density. Building on the new geometric methods of Roger Penrose, Hawking argued that, under general relativity, such a beginning was unavoidable. This line of reasoning grew directly into the singularity theorems that made his name a few years later. In other words, the seeds of his entire early career are visible in this student work.



The thesis that crashed Cambridge

For most of its life the thesis was a specialist document, read by physicists and held in the university library. That changed dramatically in October 2017, when the University of Cambridge made it freely available to the public online for the first time, through its open-access repository.

The response was extraordinary. Within days the thesis had been viewed and downloaded so many times that it overwhelmed and repeatedly crashed the repository’s servers. It became by far the most requested item the university had ever published, drawing enormous public interest from people who simply wanted to glimpse the early work of the world’s most famous scientist. Hawking welcomed the attention, expressing the hope that making his work openly available would inspire ordinary people, in his words, to look up at the stars and wonder about their place in the universe.



Why it matters

The episode is a small story that captures something larger. A dense, technical physics thesis from 1966 generating enough public demand to crash a major university’s servers is a measure of Hawking’s unique hold on the public imagination, and of a genuine, widespread hunger to engage with science. It also reflects his lifelong belief in making knowledge open and accessible, the same conviction that drove his popular books and is explored on the page about how he thought.




Stephen Hawking’s Activism & Public Life

Stephen Hawking was never only a scientist in public. He understood the reach his fame gave him, and he used it deliberately, lending his voice to causes he cared about. Three stand out: the National Health Service, disability rights, and the defence of science itself.


Defending the NHS

Hawking was a passionate and outspoken defender of the National Health Service, and his support was deeply personal. He credited the NHS with the lifetime of care that allowed him to live and work for more than half a century with motor neurone disease, and he said plainly that he would not have survived without it.

In his final years he became one of the most prominent public critics of government policy on the NHS. In 2017 he accused ministers of moving the health service toward an American-style insurance model and of damaging it through underfunding, and he publicly clashed with the Health Secretary over the use of statistics. He went further than words: he joined a legal challenge against changes to how NHS care in England was to be organised. For Hawking this was not abstract politics but a defence of an institution he believed had saved his life.



Championing disability rights

As perhaps the most visible disabled person in the world, Hawking was a powerful, if sometimes reluctant, symbol for disability rights. He spoke about the importance of access, of technology that enables independence, and of judging people by their abilities rather than their limitations. He contributed to reports on disability and appeared at the opening ceremony of the 2012 London Paralympic Games, where he urged a global audience to look up at the stars and be curious. His own advice, gathered on the page about disability and resilience, was to concentrate on what you can do and refuse to be disabled in spirit.



Speaking for science

Hawking also used his platform to defend science and education: arguing for proper research funding, warning about threats to scientific collaboration, and tirelessly promoting public understanding of science through his books and broadcasts. His political interventions, including his strong views on Brexit and other issues, are covered on the page about his politics.

Taken together, these commitments round out the picture of the man. Behind the cosmologist was a citizen who believed that fame carried a responsibility to speak up, and who did so, even as his ability to speak depended on a machine.






The Science

Stephen Hawking’s reputation rests on a handful of genuinely revolutionary ideas, almost all of them about what happens at the extreme edges of the universe: the centres of black holes, the first instant of time, the boundary between the very large and the very small. The fame came easily; the physics never did. This section explains what he actually discovered, in plain English, and why each result mattered.

A good place to begin is the overview, what did Stephen Hawking discover?, which separates his real contributions from the popular myths. From there you can go deeper into his defining result, Hawking radiation, which showed that black holes are not entirely black; the nature of black holes themselves; the Big Bang and the origin of the universe; the singularity theorems he proved with Roger Penrose; the black hole information paradox his own work created; and his most speculative idea, imaginary time and the no-boundary proposal, which suggests the universe may have no beginning at all.

Throughout, the aim is the one Hawking set himself: to make genuinely difficult ideas genuinely clear, without pretending they are simpler than they are. Where the science is unsettled or still being argued over, the pages say so. For the same ideas in his own words, his books are the natural next step.


What Did Stephen Hawking Actually Discover?

Stephen Hawking’s single most important discovery is Hawking radiation: the 1974 prediction that black holes are not completely black, but slowly emit radiation, gradually lose mass, and can eventually evaporate entirely. Alongside it sit three other major contributions: the singularity theorems he proved with Roger Penrose, his work establishing the laws of black hole thermodynamics, and the black hole information paradox that his own radiation result created. He was not, despite the popular image, the man who discovered black holes or the Big Bang. He was the man who worked out the strange and beautiful rules they obey.

Below is each of those contributions in plain English, followed by the myths worth clearing up.


1. The singularity theorems (1965–1970)

Hawking’s first major work, much of it done with the mathematician Roger Penrose, asked a deceptively simple question: does Einstein’s theory of general relativity actually require singularities, points where space, time and the laws of physics break down, or are they just artefacts of tidy, idealised models?

The answer they proved was that singularities are unavoidable. Under very general and realistic conditions, general relativity predicts that a collapsing star must form a singularity at the centre of a black hole, and, running the logic backwards, that the expanding universe must have emerged from a singularity in the past. That second result is the rigorous mathematical backbone of the Big Bang: not a vague story about an explosion, but a proof that, taken at face value, our best theory of gravity says the universe had a beginning. Penrose received a share of the 2020 Nobel Prize for this line of work; Hawking, who had died in 2018, was no longer eligible.



2. Hawking radiation (1974)

This is the discovery that carries his name, and the one historians of science will remember. Before Hawking, the consensus was that nothing could ever escape a black hole. Hawking showed that this is not quite true once you take quantum mechanics into account.

When you apply the rules of quantum theory to the empty space just outside the event horizon, the black hole turns out to glow very faintly, like a warm object, with a real temperature. Over unimaginable spans of time it radiates its mass away and shrinks. Smaller black holes are hotter and evaporate faster; a truly tiny one would end its life in a burst of radiation.

The reason this mattered so much is that it forced three areas of physics that normally never speak to each other (gravity, quantum mechanics and thermodynamics) to agree on a single object. For the first time, a black hole had a temperature and an entropy you could write down. (You can read the full explanation on the dedicated Hawking radiation page.)



3. The laws of black hole thermodynamics

Hawking radiation did not appear from nowhere. In the early 1970s Hawking proved his area theorem: the total area of a black hole’s event horizon can never decrease. That sounded abstract until people noticed it behaved exactly like entropy, the quantity in thermodynamics that never decreases. The physicist Jacob Bekenstein proposed that a black hole’s entropy really is proportional to its surface area, and Hawking’s radiation result later supplied the missing piece, fixing the exact relationship now known as the Bekenstein–Hawking entropy.

Together these results created a complete set of laws for black holes that mirror the laws of thermodynamics. It is one of the deepest hints physicists have that gravity, quantum theory and information are secretly the same subject, and it underpins much of theoretical physics today, from string theory to the study of quantum information.



4. The information paradox

Hawking’s greatest discovery handed him his hardest problem. If a black hole radiates its mass away and finally disappears, what happens to all the information about everything that ever fell in, every book, star and atom?

The iron rule of quantum mechanics is that information is never destroyed. But Hawking’s original calculation suggested the escaping radiation is featureless and random, carrying none of that information with it. If so, when the black hole vanishes, the information is simply gone, which quantum theory says is impossible. This black hole information paradox became one of the central unsolved problems in physics. Hawking himself argued for years that information was lost, famously conceded a bet on the question in 2004, and kept revising his position. It remains unresolved, and you can read more on the information paradox page.



5. The origin of the universe

Hawking spent much of his later career trying to describe the universe’s beginning without the law-breaking singularity his own theorems had predicted. With James Hartle he proposed the no-boundary idea: that if you handle time near the Big Bang in a particular mathematical way, the universe has no sharp starting edge at all. Asking what came before it, he liked to say, would be like asking what lies south of the South Pole. He also did important early work showing how tiny quantum ripples in the infant universe could have grown into the galaxies we see, a contribution to the theory of cosmic inflation that is sometimes overlooked.



The myths worth clearing up

He did not discover black holes. The idea long predates him; the term itself was popularised in the 1960s. Hawking discovered crucial things about them.

He did not invent the Big Bang theory. That belongs to figures like Georges Lemaître and George Gamow decades earlier. Hawking’s contribution was to prove, mathematically, that general relativity demands such a beginning.

He never won a Nobel Prize, and that is not an oversight. The Nobel committee requires experimental confirmation. Hawking radiation from a real black hole is far too faint ever to have been detected, so his central prediction remains unverified. It is widely believed that a direct detection would have won him the prize immediately.

His fame and his hardest science are not the same thing. A Brief History of Time made him a household name, but his deepest work (the radiation, the thermodynamics, the paradox) is known mostly to physicists. The popular image of a lone genius also undersells how collaborative his best work was, with Penrose, Hartle, Bekenstein and others.

What makes Hawking exceptional is not any single equation. It is that he repeatedly chose the hardest available question (the centre of a black hole, the first instant of time) and refused to accept “the laws break down here” as an answer.




Hawking Radiation, Explained Simply

Hawking radiation is the faint glow that black holes give off because of quantum effects near their edge. It means that a black hole is not perfectly black: it has a real temperature, it slowly loses mass over time, and, given long enough, it can evaporate completely. Stephen Hawking predicted it in 1974, and it is the discovery that made his name among physicists, because it was the first time anyone had shown how gravity, quantum mechanics and thermodynamics fit together in a single object.

Here is what that actually means, and why it matters so much.


The puzzle Hawking started with

By the early 1970s, physicists agreed that a black hole was a one-way door. Anything crossing the event horizon, the boundary of no return, was lost forever, and nothing could come back out. A black hole could only ever grow.

Hawking had himself proved a result that fit this picture: his area theorem showed that the surface area of a black hole’s horizon can never shrink. But that theorem had an awkward echo. In thermodynamics there is another quantity that can only ever increase: entropy, a measure of disorder. The young physicist Jacob Bekenstein suggested the resemblance was no accident, that a black hole’s area really is a kind of entropy.

Hawking initially thought this was wrong. If a black hole has entropy, then it must have a temperature; and anything with a temperature must give off radiation. But black holes, by definition, could not give off anything. Trying to prove Bekenstein wrong, Hawking did the calculation properly, and discovered that Bekenstein was right.



What Hawking found

When you take the empty space just outside the event horizon and apply the rules of quantum theory to it, the black hole turns out to emit a steady stream of particles, with a precise temperature that depends only on its mass. This is Hawking radiation.

The temperature is inversely related to mass, which leads to a strange and important consequence:


	A big black hole is extremely cold and radiates incredibly slowly.

	A small black hole is hotter and radiates faster.



As a black hole radiates, it loses mass; as it loses mass, it gets hotter and radiates faster still. The process accelerates, so a black hole’s life ends not with a whimper but with a final flare of radiation. For an ordinary black hole formed from a collapsed star, though, this takes far, far longer than the current age of the universe; its temperature is a tiny fraction of a degree above absolute zero.



The popular picture, and its health warning

Hawking offered a vivid way to imagine it, and it has been repeated ever since. Empty space is never truly empty: pairs of “virtual” particles are constantly flickering into existence and annihilating each other. Right at the event horizon, the story goes, a pair can be split: one particle falls in while its partner escapes. The escaping particles are the radiation; the one that falls in carries negative energy, so the black hole loses a little mass.

It is a beautiful image and it gets the bookkeeping right. But Hawking and others were always careful to flag that it is a simplification. The real derivation is subtler, involving the way quantum fields are stretched and reshaped by the black hole’s gravity over time. The particle-pair story is a useful picture, not the actual mechanism, worth knowing if you want to understand the idea honestly rather than just repeat it.



Why it was such a big deal

Before 1974, gravity and quantum mechanics were two separate empires that physicists could not get to agree. Hawking radiation was the first concrete result where they not only coexisted but produced something new and specific: a black hole with a definite temperature and a definite entropy, now called the Bekenstein–Hawking entropy.

That single result tied together three of the great pillars of physics: general relativity (gravity), quantum mechanics and thermodynamics. It has been a guiding star ever since. A huge amount of modern theoretical physics, including major parts of string theory and the study of quantum information, is in some sense an attempt to fully understand the implications of what Hawking found.



Why it never won a Nobel Prize

The Nobel Prize in Physics is awarded for results confirmed by experiment or observation. The problem with Hawking radiation is brutally simple: for any real black hole we know of, it is far too faint to detect. A stellar-mass black hole’s Hawking temperature is billions of times colder than the faint afterglow of the Big Bang that bathes all of space, which completely drowns it out.

Physicists have tried to sneak up on the effect using analogue black holes, which are laboratory systems, such as carefully engineered flows of ultracold atoms or fluids, that trap sound or light the way a black hole traps light. In 2016 the physicist Jeff Steinhauer reported evidence of the analogue of Hawking radiation in such a system. These results are tantalising and support the theory, but they are not the same as catching it from a genuine black hole. Until someone does, Hawking’s most famous prediction remains unconfirmed, which is why the prize eluded him.



The problem it left behind

Hawking radiation also created the deepest puzzle of his career. If a black hole slowly radiates away and disappears, what happens to the information about everything that fell into it? Quantum mechanics insists information cannot be destroyed, yet Hawking’s radiation seemed to carry none of it out. This is the black hole information paradox, and physicists are still arguing about the answer today. It is covered in full on its own page.

For all that it remains unconfirmed, Hawking radiation changed how physicists think about reality. It took the blackest, simplest object in the universe and revealed it to be warm, complicated, and quietly leaking itself back into the cosmos.

The mechanism is often pictured using virtual particles flickering at the edge of the horizon.

Because this radiation has never been directly detected, it is also the reason Hawking never won a Nobel Prize.

Want to see the numbers for yourself? Try the black hole calculator.

For the original research, see Hawking’s key scientific papers.




Black Holes, Explained

A black hole is a region of space where gravity is so strong that nothing can escape from it, not even light. That last detail is what makes it black, and it is the source of its strange power. Stephen Hawking spent much of his career studying these objects, not because they are exotic, but because they are the one place in the universe where our two best theories of physics are forced to confront each other.


What makes a black hole

To leave the surface of any object you have to travel faster than its escape velocity. On Earth that is about eleven kilometres per second. The more mass you pack into a small space, the higher that speed climbs. Squeeze enough mass into a small enough region and the escape velocity reaches the speed of light, which nothing can exceed. At that point, even light cannot get out, and you have a black hole.

The boundary around it is called the event horizon. It is not a surface you could touch; it is simply the line beyond which escape becomes impossible. Cross it, and every path leads inwards. The horizon marks the edge of what the rest of the universe can ever know about, which is why so much of black hole physics is really about its surface rather than its interior.

At the very centre, our equations predict a singularity, a point of infinite density where the known laws of physics break down. The honest position is that nobody knows what truly happens there; the singularity is a sign that general relativity has reached the limit of what it can describe.



How black holes form

The most common kind forms when a massive star runs out of fuel. For its whole life a star balances the inward pull of its own gravity against the outward push of the heat from nuclear fusion in its core. When the fuel is gone, gravity wins. The core collapses, and if the star was heavy enough, nothing can halt the collapse. The result is a stellar-mass black hole, a few times the mass of the Sun.

At the other extreme sit supermassive black holes, millions or billions of times the Sun’s mass, which lurk at the centres of galaxies, including our own. Exactly how they grew so large is still an open question. Physicists also discuss intermediate-mass black holes and primordial ones that might have formed in the dense early universe, an idea Hawking himself explored.



How we know they are real

For most of the twentieth century black holes were a theoretical prediction. The evidence is now overwhelming, and it comes from several independent directions.

We can watch stars orbit something invisible and enormously heavy. At the centre of our galaxy, stars whip around an unseen object four million times the mass of the Sun, work that won a Nobel Prize in 2020. We can detect the radiation from gas heated to extreme temperatures as it spirals inwards. In 2015 the LIGO experiment detected gravitational waves, ripples in spacetime, from two black holes colliding more than a billion light years away. And in 2019 the Event Horizon Telescope released the first direct image of a black hole’s shadow, in the galaxy M87, followed by an image of the one at the centre of our own galaxy.



The “no-hair” idea

One of the surprising results of black hole physics is how simple these objects are from the outside. No matter what fell in to make it, a black hole can be completely described by just three numbers: its mass, its electric charge, and its spin. Everything else about whatever formed it appears to be lost. Physicists summarise this by saying a black hole “has no hair.” That apparent loss of detail is the seed of the deepest puzzle Hawking ever raised, the information paradox.



Why they mattered to Hawking

Hawking turned black holes from astronomical curiosities into a precise laboratory for fundamental physics. With Roger Penrose he proved that the singularities inside them are an unavoidable prediction of general relativity, in the singularity theorems. He proved that the area of an event horizon can never decrease, which hinted at a deep link to thermodynamics. And in his most famous result he showed that black holes are not entirely black at all but slowly glow and evaporate, in Hawking radiation.

A black hole, in his hands, became the place where gravity, quantum mechanics and the physics of heat and information all meet. That is why he kept returning to it for fifty years.

For the threshold that defines a black hole, see escape velocity; for a way energy can be drawn from a spinning one, see the Penrose process.

See how black holes compare in size with the black hole size comparison tool.




The Big Bang & the Origin of the Universe

The Big Bang is the leading scientific account of how the universe began: roughly 13.8 billion years ago, everything we can see was packed into an unimaginably hot, dense state, and it has been expanding and cooling ever since. Stephen Hawking’s earliest important work helped put that beginning on a rigorous footing, and much of his later career was spent asking what such a beginning could really mean.


Running the film backwards

The starting point is a simple observation made by Edwin Hubble in the 1920s: distant galaxies are moving away from us, and the farther away they are, the faster they recede. The universe is expanding. That is the single most important fact in cosmology, and it has an obvious implication. If everything is flying apart now, then in the past everything must have been closer together. Run the expansion backwards far enough and the entire universe converges towards a single, incredibly hot and dense point.

That convergence is the Big Bang. It is not the picture most people carry in their heads, so it is worth being clear about what it is not.



What the Big Bang is not

It was not an explosion in space. There was no empty room into which matter was flung. The Big Bang was an expansion of space itself, happening everywhere at once. Galaxies are not rushing outwards through a pre-existing void; the space between them is stretching. There is no centre to the expansion and no edge, just as there is no centre to the surface of an inflating balloon.

And the question “where did it happen?” has no location as an answer, because space and, as Hawking would stress, time itself are part of what came into being.



The evidence

The Big Bang is not a guess. Several independent lines of evidence support it.

The expansion itself is directly observed. The relative amounts of the lightest elements, hydrogen, helium and a trace of lithium, match precisely what the theory predicts should have been forged in the first few minutes. And, most powerfully, the whole sky glows faintly with the cosmic microwave background, the cooled-down afterglow of the hot early universe, discovered in 1965 and mapped in extraordinary detail since. It is, in effect, a photograph of the universe when it was young.



Hawking’s contribution

Here is where Hawking enters. In the late 1960s, working with Roger Penrose, he applied the mathematics of general relativity to the expanding universe. The singularity theorems they proved showed that, if general relativity is correct and the universe is expanding as we observe, then it must have begun from a singularity, a moment where density and the curvature of spacetime become infinite and the laws of physics break down.

This was a genuine result, not a story. It established that, taken at face value, our best theory of gravity demands a beginning. The Big Bang was no longer just a plausible extrapolation; it was, under general relativity, unavoidable.



The problem with the beginning

But a singularity is also an admission of defeat. It is precisely the point where the equations stop making sense. Hawking was never content to leave the universe’s first moment as a place where physics simply gave up.

So for much of the rest of his career he tried to describe the beginning without a singularity. The most famous result of that effort is the no-boundary proposal, developed with James Hartle, which suggests that the universe may have no sharp starting edge at all, and that asking what came “before” the Big Bang may be as meaningless as asking what lies south of the South Pole.

He also did important early work, sometimes overlooked, on how tiny quantum fluctuations in the infant universe could have been stretched by its rapid early expansion into the seeds of galaxies, the large-scale structure we see today.

The Big Bang, then, is both one of Hawking’s earliest triumphs and one of his longest preoccupations: he proved the universe had a beginning, and then spent decades trying to understand what kind of beginning it could possibly have been.

The long-term fate of that expansion now appears to be governed by dark energy.




The Black Hole Information Paradox

The black hole information paradox is, in one sentence, this: if a black hole slowly evaporates and disappears, what happens to all the information about the things that fell into it? Stephen Hawking’s own discovery created the puzzle, he spent decades on the wrong side of it, and it has become one of the central unsolved problems in theoretical physics. The good news is that, after fifty years, the answer is finally coming into focus.


The collision of two iron rules

The paradox is a head-on collision between two principles physicists hold almost sacred.

The first comes from quantum mechanics: information is never destroyed. The precise details of any physical system are, in principle, always preserved. Burn a book and the information is scrambled beyond any practical hope of recovery, but it is not gone; it survives in the exact state of the smoke and ash. In principle, a sufficiently god-like physicist could reconstruct the book. Quantum theory insists this is always true.

The second comes from Hawking’s own work. His discovery of Hawking radiation showed that black holes slowly emit radiation and eventually evaporate away to nothing. The trouble is that his calculation suggested this radiation is purely thermal, that is, featureless and random. It carries no detail about whatever fell in.

Put the two together and you get a contradiction. Throw a book into a black hole and wait long enough. The black hole evaporates entirely, leaving only featureless radiation. The information in the book has vanished from the universe. Quantum mechanics says that is impossible.



Hawking’s position, and the bet

For a long time, Hawking took the radical view: he argued that information really is lost, and that black holes force us to modify quantum mechanics itself. Most physicists found this deeply uncomfortable, because so much else depends on information being preserved.

The disagreement became famous in 1997 as a formal wager between Hawking and Kip Thorne on one side and John Preskill on the other. Hawking and Thorne bet that information is destroyed; Preskill bet that it survives. The stakes, agreed in good humour, were an encyclopaedia, from which information can always be retrieved.

In 2004 Hawking publicly conceded. He announced he now believed information does escape from black holes after all, and presented Preskill with a baseball encyclopaedia. It was a characteristic move: a public, falsifiable position, surrendered cleanly when he changed his mind.



The proposed escapes

Conceding that information survives is not the same as explaining how. Several ideas have driven progress.

One is that the radiation is not perfectly featureless after all; the information leaks out, encoded in incredibly subtle correlations between the emitted particles, too fine for Hawking’s original approximation to capture.

Another set of ideas came from string theory and the holographic principle, the startling proposal that all the information inside a region of space, including a black hole, can be fully described by what happens on its boundary surface. The exact mathematical realisation of this, discovered by Juan Maldacena in 1997, gave physicists a setting where, in principle, no information is ever lost, strongly suggesting the same must hold for real black holes.

The puzzle stayed sharp, though. In 2012 a group of physicists argued that saving information seemed to require a wall of high-energy particles, a firewall, at the event horizon, which would violate Einstein’s principle that nothing special should happen as you cross it. The choice between losing information and accepting a firewall made the paradox feel as alive as ever.



Where things stand now

Since around 2019, a series of striking calculations, involving subtle quantum geometry sometimes described as “islands” and “replica wormholes,” has made real progress. These results reproduce the behaviour information should have if it escapes the black hole, tracing what is called the Page curve, without obviously breaking Einstein’s picture of a smooth horizon. The consensus has shifted firmly towards the view that information is preserved.

The deepest question, exactly how the information gets out in physical terms, is still debated, and a complete theory of quantum gravity may be needed to settle it fully. But the broad arc is one of the great stories in modern physics: Hawking posed a problem so sharp that resolving it has pushed the field forward for half a century, and in doing so has taught physicists that gravity, quantum theory and information are far more deeply entangled than anyone once imagined.

This is a fast-moving and genuinely unsettled research area, so treat the frontier here as the current best understanding rather than the last word.

A central tool in modern attempts to resolve it is the work of Don Page on how information re-emerges in the radiation.

Hawking’s public change of mind on this question settled a famous wager, recounted in Hawking’s famous bets.




The Penrose–Hawking Singularity Theorems

The Penrose–Hawking singularity theorems are a set of mathematical proofs, worked out in the 1960s, showing that singularities, points where the fabric of spacetime breaks down, are not exotic accidents but a generic, unavoidable feature of Einstein’s general relativity. They are the rigorous foundation beneath two of the biggest ideas in modern physics: that black holes contain singularities, and that the universe began in one.


The problem they solved

A singularity is a place where the quantities general relativity deals with, the curvature and density of spacetime, become infinite, and the theory’s equations stop giving sensible answers. Such points had turned up in solutions to Einstein’s equations since the 1910s. But there was a widespread suspicion that they were artefacts: products of the unrealistically perfect, symmetrical situations physicists used to make the maths tractable.

The reasoning went like this. If you model a perfectly spherical, perfectly uniform collapsing star, of course everything funnels neatly to a single central point. But the real universe is lumpy and asymmetric. Surely a realistic, slightly irregular collapse would have the in-falling matter miss the exact centre, swirl around, and avoid forming a true singularity? Many physicists assumed singularities would vanish once the idealised symmetry was dropped.



Penrose’s breakthrough

In 1965 Roger Penrose proved that assumption wrong. His insight was to stop trying to track the messy details of the collapse and instead use powerful, general arguments from geometry and topology, the global structure of spacetime, combined with a reasonable assumption that gravity always attracts and energy is never negative.

The key concept was the trapped surface: a region from which light itself can no longer escape outwards, because gravity has become strong enough to bend even outgoing light rays back inwards. Penrose showed that once a trapped surface forms, a singularity is inevitable, regardless of how irregular or asymmetric the collapse is. The lumpiness does not save you. Gravitational collapse to a singularity is a generic outcome, not a special case.



Hawking turns it around

This is where Hawking made his entrance. He realised that Penrose’s argument could be run in reverse and applied not to a collapsing star but to the entire expanding universe.

If the universe is expanding now, as observation shows, then tracing that expansion backwards is mathematically much like watching a collapse in reverse. Hawking adapted Penrose’s methods to show that the same logic forces a singularity in the universe’s past: a beginning. Over several years the two combined and strengthened their results, culminating in a powerful joint theorem around 1970.

The conclusion was striking. Under general relativity and a few mild, physically reasonable conditions, both black holes and the universe as a whole must contain singularities. They are not avoidable by appealing to realistic, messy initial conditions. They are built into the theory.



Why it mattered

The theorems did two things at once. They put the Big Bang on a rigorous footing by showing that general relativity itself demands a beginning to time, not merely that one is plausible. And they established that singularities lie at the hearts of black holes as a matter of mathematical necessity.

But the deepest lesson is subtler. A singularity is the point where general relativity predicts its own failure, where its equations break down and can no longer describe what happens. By proving that singularities are unavoidable, Penrose and Hawking proved that general relativity is necessarily incomplete: there must be a deeper theory, a theory of quantum gravity, that takes over where Einstein’s leaves off. Much of theoretical physics ever since has been the search for it.

The work was recognised as among the most important in twentieth-century physics. Roger Penrose received a share of the 2020 Nobel Prize in Physics for showing that black hole formation is a robust prediction of general relativity. Hawking, who had died in 2018, was not eligible, as the prize is not awarded posthumously, but the theorems bear both their names, and rightly so.

The proofs turn on the idea of a trapped surface, and on the breakdown of physics at the Planck scale.

The roots of this work lie in his PhD thesis, released publicly in 2017.

The original papers are summarised in Hawking’s key scientific papers, and the visual tool behind them is the Penrose diagram explainer.




Imaginary Time & the No-Boundary Proposal

The no-boundary proposal is Stephen Hawking’s boldest and most beautiful idea about the origin of the universe. Developed with the physicist James Hartle in the early 1980s, it suggests that the universe has no sharp beginning in time, no first moment, no edge that demands explanation. It is also one of his most speculative ideas, untested and still debated, and understanding it means first meeting a strange mathematical trick called imaginary time.


Why a beginning is a problem

Hawking’s own singularity theorems had shown that, under general relativity, the universe must have begun from a singularity, a first moment where the laws of physics break down. For most people that settles the matter: the universe started, full stop.

But Hawking found that deeply unsatisfying. A singularity is not an explanation; it is the place where explanation stops. Worse, a sharp beginning seems to demand something outside physics to set it going, to choose the initial conditions. Hawking wanted a description of the universe’s origin that was complete and self-contained, one that needed nothing external to get it started.



The trick of imaginary time

The route he and Hartle took runs through what physicists call imaginary time. The name is unfortunate, because it sounds mystical, but it is a precise mathematical idea. “Imaginary numbers” are an ordinary tool in mathematics, based on the square root of minus one.

When you rewrite the equations using imaginary time, something remarkable happens: the distinction between time and space softens. In ordinary physics, time is fundamentally different from the three dimensions of space, you can move freely up, down, left and right, but only forwards in time. In imaginary time, that special status disappears, and time behaves like just another direction of space. This reformulation is a standard, respectable technique in physics; the audacious part is what Hawking did with it.



The universe with no edge

Here is the key move. If, near the very beginning, time behaves like another dimension of space, then the universe near its origin can be described as a smooth, rounded shape rather than a sharp point.

Hawking’s favourite analogy was the surface of the Earth. The Earth’s surface is finite, it does not go on forever, but it has no edge and no boundary. You can travel across it freely and never fall off or reach a wall. Now think of the North Pole. It is a perfectly ordinary point on that smooth surface; nothing breaks down there. But the question “what is north of the North Pole?” simply has no answer. It is not that the answer is hidden; the question is meaningless. There is no “more north” to point to.

In the no-boundary proposal, the beginning of the universe is like the North Pole, or, more often in Hawking’s telling, the South Pole. Time and space curve smoothly together near the origin, with no singular edge, no boundary, nothing requiring an external cause. And the question “what happened before the Big Bang?” becomes exactly like “what is south of the South Pole?” There is no “before,” not because the answer is unknown, but because there is no earlier moment for the question to refer to.

In Hawking’s words, the universe would be entirely self-contained: it would have no boundary, no edge, and so it would simply be, with nothing left over to explain or to create it.



How seriously to take it

The no-boundary proposal is genuine physics, expressed in real equations and explored seriously for decades. It is part of the field of quantum cosmology, the attempt to apply quantum mechanics to the universe as a whole, and it represents a real attempt to describe the cosmos with no need for a first cause.

It is also unproven, and likely to remain so for a long time. It rests on a full theory of quantum gravity that does not yet exist, the mathematics involves difficult choices that lead to different predictions, and other physicists have challenged its conclusions. It has not been confirmed by any observation, and by its nature it may be extraordinarily hard to test.

So it sits in an unusual category: not an established result like Hawking radiation or the singularity theorems, but a profound and influential hypothesis. It is Hawking at his most imaginative, refusing to accept a beginning he could not explain, and reaching for a universe that could account for itself, all the way down.

The proposal was developed with James Hartle, it borrows the sum-over-histories method associated with Feynman, and it connects to ideas about the multiverse.




Gravitational Waves

Gravitational waves are ripples in the fabric of spacetime itself, set off when very massive objects accelerate violently, such as two black holes spiralling into each other. As the waves pass, they stretch and squeeze space by a tiny amount. They were among the last major predictions of Einstein’s general relativity to be confirmed, and their discovery opened an entirely new way of observing the universe.


What they are

In Einstein’s picture, mass and energy curve spacetime. When massive objects move suddenly, that curvature does not adjust instantly everywhere; instead, the disturbance spreads outward at the speed of light, like ripples on a pond. These ripples are gravitational waves. Einstein predicted them in 1916, but suspected they would be far too faint ever to detect, because spacetime is extraordinarily stiff and the resulting stretching of space is almost unimaginably small.



How they were detected

He was nearly right about the difficulty. It took a hundred years and one of the most sensitive instruments ever built. In September 2015 the LIGO experiment, a pair of detectors with arms several kilometres long, registered a signal from two black holes that had merged more than a billion light years away. The passing wave changed the length of the detector’s arms by a fraction of the width of a single proton. The result, announced in 2016, was the first direct detection of gravitational waves, and it earned a share of the 2017 Nobel Prize for the physicists who led the effort, among them Hawking’s friend Kip Thorne.

The detection did several things at once. It confirmed Einstein’s century-old prediction, it provided the most direct evidence yet that black holes genuinely exist and really do collide, and it gave astronomers a completely new sense, the ability to “hear” violent events that emit little or no light.



The connection to Hawking

There is a direct link to Hawking’s own work. Back in 1971 he had proved the area theorem, which states that the total area of a black hole’s event horizon can never decrease. When two black holes merge, the theorem demands that the area of the final horizon be at least as large as the two original horizons combined. In 2021, physicists analysed the very first gravitational-wave signal in detail and confirmed exactly that, an observational test, half a century later, of a theorem Hawking had proved with pen and paper. That area theorem was also the first clue that black holes possess entropy, the thread that led to Hawking radiation.




The Arrow of Time

One of the deepest puzzles in physics is also one of the most obvious: time only ever runs forwards. We remember the past, not the future; a cup falls and shatters but never reassembles. Yet the fundamental laws of physics work equally well in both directions. So where does the one-way flow of time come from? This question, the arrow of time, was one Hawking returned to often.


Three arrows

Hawking, following others, distinguished several “arrows” that all point the same way. The thermodynamic arrow is set by entropy, the measure of disorder, which the second law of thermodynamics says always increases: disorder grows, which is why the shattered cup is the future and the whole cup is the past. The psychological arrow is the direction in which we feel time passing and remember events, and Hawking argued it is really just the thermodynamic arrow experienced from the inside, since recording a memory itself increases disorder. The cosmological arrow is the direction in which the universe expands.



Why the arrows agree

The striking thing is that these arrows all point the same way, and Hawking wanted to know why. The answer traces back to the beginning. For entropy to increase steadily over the whole history of the universe, the universe must have started in a state of extraordinarily low entropy, a very smooth, ordered early cosmos. Why it began so ordered is among the great unsolved questions, and Hawking hoped his no-boundary proposal might help explain it.



A mistake honestly admitted

The arrow of time is also the setting for one of the more revealing episodes of Hawking’s career. He had once argued that if the expanding universe were to stop and recollapse, the thermodynamic arrow would reverse, with disorder decreasing and, in effect, time running backwards. Younger colleagues showed him the argument was flawed. Rather than defend his position, Hawking publicly admitted he had been wrong, and revised his views in later editions of A Brief History of Time. It is a small example of the intellectual honesty explored on the page about how his mind worked: a willingness to follow the argument even when it overturned his own earlier claims.




The Holographic Principle

The holographic principle is one of the most surprising ideas in modern physics: the suggestion that everything happening inside a region of space can be fully described by information stored on the boundary of that region, one dimension lower. Just as a flat hologram can encode a three-dimensional image, our three-dimensional reality may be, in some deep sense, encoded on a distant two-dimensional surface. The idea sounds outlandish, but it grew directly out of Hawking’s work.


Where it came from

The seed was black hole entropy. When Hawking and Jacob Bekenstein worked out how much entropy, and therefore how much information, a black hole contains, they found something strange. For ordinary objects, the amount of information you can store grows with volume. But a black hole’s information is proportional to the area of its event horizon, its two-dimensional surface, not its three-dimensional volume. The maximum information that can be packed into any region of space, it seemed, is fixed by the area of its boundary.



What it implies

In the 1990s the physicists Gerard ’t Hooft and Leonard Susskind took this clue seriously and proposed it as a general principle. A concrete and astonishingly successful mathematical version followed, in which the physics of a region of space with gravity is shown to be exactly equivalent to a different physical theory, without gravity, living on its boundary. This “holographic” duality has become one of the most powerful tools in theoretical physics.



The connection to Hawking

The holographic principle matters enormously for the puzzle Hawking spent his last decades on, the black hole information paradox. If the information about everything that falls into a black hole is encoded on its horizon, then it need not be destroyed when the black hole evaporates; it could be carried away, scrambled, in the outgoing radiation. Many physicists now believe holography is the key to resolving the paradox. It is a remarkable legacy: an idea now central to the search for quantum gravity, born from Hawking’s insistence on taking the thermodynamics of black holes seriously.




Black Hole Thermodynamics

One of the strangest and most beautiful discoveries in physics is that black holes obey laws that look almost exactly like the laws of thermodynamics, the science of heat, energy and disorder. This correspondence, black hole thermodynamics, sits at the very centre of Hawking’s legacy.


The four laws

In a celebrated 1973 paper, James Bardeen, Brandon Carter and Stephen Hawking set out four laws of black hole mechanics that parallel the four laws of thermodynamics. The zeroth law says the gravity at the surface of a settled black hole is uniform all over its event horizon, just as temperature is uniform throughout a system in equilibrium. The first law relates changes in a black hole’s mass to changes in its area, spin and charge, mirroring the conservation of energy. The second law is Hawking’s area theorem: the total horizon area never decreases, exactly as entropy never decreases. The third law says you cannot reduce the surface gravity to zero in any finite process.



From analogy to reality

At first, the resemblance looked like a tantalising coincidence. If a black hole truly had a temperature, it would have to radiate, and a black hole was supposed to emit nothing. Hawking himself was sceptical that the parallel was anything more than mathematical.

Then came his great discovery. By applying quantum mechanics near the horizon, Hawking showed that black holes do radiate, with a real temperature proportional to their surface gravity. This is Hawking radiation. In one stroke it transformed the analogy into literal physics: a black hole’s surface gravity really is its temperature, and its horizon area really is a measure of its entropy, the Bekenstein-Hawking entropy. The laws of black hole mechanics are the laws of thermodynamics, applied to the most extreme objects in the universe, and the deep meaning of that fact is still being unravelled.




The Penrose Process

The Penrose process is a remarkable theoretical method for extracting energy from a rotating black hole, proposed by Roger Penrose in 1969. It shows that black holes are not purely destructive: under the right conditions, energy can be mined from them.


How it works

A spinning black hole drags the spacetime around it into rotation, creating a region just outside the event horizon called the ergosphere, where nothing can stay still. Penrose imagined sending an object into the ergosphere and splitting it in two. If one piece is sent on a carefully chosen path so that it falls into the black hole carrying what is, in effect, negative energy, the other piece can fly back out with more energy than the original object had to begin with. The extra energy is drawn from the black hole’s rotation, which slows very slightly as a result.



The connection to Hawking

The Penrose process dovetails with Hawking’s own work. There is a strict limit on how much energy can be extracted this way: you can drain a black hole’s rotational energy, but the area of its horizon can never decrease, exactly as Hawking’s area theorem in black hole thermodynamics requires. The energy comes from spin, not from the black hole’s irreducible mass.

The process also has a wave version called superradiance, and it foreshadows the deeper idea that black holes have usable energy and obey thermodynamic-style accounting, the line of thinking that ultimately led Hawking to Hawking radiation. It is another example of how Penrose’s geometric insights and Hawking’s physics fed into each other.




Cosmic Inflation

Cosmic inflation is the idea that, in the very first tiny fraction of a second of its existence, the universe expanded almost unimaginably fast, ballooning by an enormous factor before settling into the steadier expansion we see today. First proposed by Alan Guth in 1980 and refined by others, it has become a central part of the modern picture of the Big Bang.


What it explains

Inflation was invented to solve several puzzles at once. One is why the universe looks so uniform: regions on opposite sides of the sky have almost exactly the same temperature in the cosmic microwave background, even though they seem too far apart to have ever been in contact. Inflation explains this by proposing that these regions were in contact, very early on, before being flung far apart by the rapid expansion. It also explains why the geometry of the universe appears so precisely flat.



The connection to Hawking

Hawking made an important early contribution to inflation theory, on the question of where cosmic structure comes from. If the early universe was so smooth, why is today’s universe full of galaxies and clusters? The answer, worked out by Hawking and several others around a famous 1982 Cambridge workshop, is that tiny quantum fluctuations, the same restless quantum behaviour behind Hawking radiation, were stretched by inflation to astronomical scales. These stretched fluctuations became slightly denser regions that later grew, under gravity, into galaxies. The pattern of hot and cold spots later mapped in the microwave background fits this prediction remarkably well, tying the quantum physics Hawking studied to the largest structures in the cosmos.




The Multiverse & M-Theory

In his later years Hawking increasingly entertained a startling possibility: that physics describes not a single universe but a vast collection of them, a multiverse. This idea, tied to M-theory, is laid out most fully in his book The Grand Design, written with Leonard Mlodinow.


What M-theory proposes

M-theory is an attempt to unify the several competing versions of string theory into one framework, at the cost of requiring eleven dimensions of spacetime. One of its features is that it does not seem to predict a single, unique set of physical laws. Instead, it allows for an enormous number of possible solutions, each of which could correspond to a universe with its own particles, forces and constants of nature.



From M-theory to the multiverse

Combine this with cosmic inflation, which in many models keeps generating new regions of space endlessly, and you arrive at a picture in which countless universes are created, each potentially with different laws. Hawking argued that this could resolve one of the deepest puzzles in physics: why our universe seems so finely tuned for the existence of life. If there are vast numbers of universes with different properties, then it is no surprise that we find ourselves in one of the rare ones whose laws happen to permit observers, the kind of anthropic reasoning Brandon Carter pioneered.



A characteristic boldness

In The Grand Design Hawking went further, arguing that M-theory and this multiverse picture mean the universe could create itself from the laws of physics alone, with no need for a creator. It was a typically bold claim, and a controversial one. The multiverse remains speculative and, by its nature, extraordinarily hard to test, but it shows Hawking doing to the end what he always did: chasing the largest question of all, why there is a universe, with whatever tools the physics of his day provided.




Why Did Stephen Hawking Never Win a Nobel Prize?

It surprises many people: one of the most famous physicists who ever lived never won a Nobel Prize. The explanation is not a snub or an oversight. It comes down to a specific feature of how the Nobel Prize in Physics works, and a specific feature of Hawking’s greatest discovery.


The Nobel requires proof

In practice, the Nobel Prize in Physics is awarded for discoveries that have been confirmed by experiment or observation. A brilliant theoretical prediction, on its own, is usually not enough; the committee waits until nature has been shown to agree. Peter Higgs, for example, predicted his famous particle in the 1960s but did not receive the Nobel until 2013, after the Large Hadron Collider actually detected the Higgs boson in 2012.



Hawking radiation has never been seen

Hawking’s Nobel-worthy discovery is Hawking radiation: the prediction that black holes are not truly black but slowly emit radiation and can eventually evaporate. The problem is that, for any real astrophysical black hole, this radiation is staggeringly faint, far too cold and weak to be detected against the noise of the universe. The bigger the black hole, the fainter its glow, and the black holes we can observe are enormous. So Hawking’s most important prediction has never been directly confirmed, which left the Nobel committee with nothing they could point to as proof.



The pieces that did get confirmed

It is not for want of supporting evidence. In 2021, physicists used gravitational waves to confirm Hawking’s 1971 area theorem, a closely related result. Laboratory experiments using “analogue” black holes, made from flowing fluids or light, have produced effects consistent with Hawking radiation. Most physicists are confident the prediction is correct. But an analogue in a lab is not the same as observing a real black hole evaporate, which remains beyond our reach.



A near miss, and bad timing

There is a poignant footnote. In 2020, Roger Penrose was awarded a share of the Nobel Prize for showing that black hole formation is a robust prediction of general relativity, the very singularity work he and Hawking had pioneered together. Many believe that, had he lived, Hawking might have shared in that recognition. But the Nobel Prize is not awarded posthumously, and Hawking had died two years earlier, in 2018.

So Hawking never won a Nobel not because his work fell short, but because the universe never gave the experimenters the evidence the prize demands. It is, in its way, a tribute to just how subtle and hard to test his greatest idea really is.






Key Concepts

Hawking’s work draws on a handful of recurring ideas, and understanding them makes everything else on this site clearer. This glossary defines each in plain language, with no equations, and links it to where it appears in his discoveries. Use it as a companion to the science, or browse it on its own.


Event Horizon

The event horizon is the boundary around a black hole beyond which nothing can escape, not even light. It is not a physical surface you could touch, but a one-way line in space: cross it, and every possible path leads inward, toward the centre. From outside, the event horizon is the closest thing a black hole has to an edge.

The name captures the idea well. An “event” in physics is anything that happens at a particular place and time. The horizon is the limit beyond which events can no longer be seen by the outside universe, just as the horizon on Earth marks the limit of what you can see across the surface. Anything that happens inside is permanently hidden from us.


Why it mattered to Hawking

The event horizon was central to Hawking’s most important work. His area theorem showed that the total area of an event horizon can never decrease, a result that hinted at a deep link between black holes and entropy. And his most famous discovery, Hawking radiation, comes from applying quantum theory to the empty space just outside the horizon, revealing that black holes are not perfectly black after all. The horizon is also where the information paradox plays out: the puzzle of what happens to information that crosses it.

For the fuller picture, see black holes.

See how an event horizon’s size depends on mass with the black hole calculator.




Singularity

A singularity is a point where the quantities physics deals with, such as density and the curvature of space and time, become infinite, and the known laws of physics stop giving sensible answers. It is less a “thing” than a signal that a theory has reached the limit of what it can describe.

Singularities are predicted in two places. One sits at the centre of every black hole, where collapsing matter is crushed to a point. The other is at the very beginning of the universe: run the expansion of the cosmos backwards and everything converges on an initial singularity, the Big Bang.


Why it mattered to Hawking

Singularities are at the heart of Hawking’s early fame. With Roger Penrose he proved the singularity theorems, showing that, under general relativity, singularities are not flukes of tidy models but an unavoidable prediction of the theory, both inside black holes and at the universe’s origin.

That result carried a deep implication. Because a singularity is exactly where general relativity breaks down, proving they must exist proved that general relativity is incomplete, and that a deeper theory of quantum gravity is needed. Much of Hawking’s later career, including the no-boundary proposal, was an attempt to describe the universe’s beginning without a singularity at all.




Spacetime

Spacetime is the idea that space and time are not separate things but a single, unified, four-dimensional fabric. Rather than treating the three dimensions of space and the one dimension of time independently, modern physics treats them as different directions within one continuous structure.

The concept comes from Einstein. His theory of general relativity describes gravity not as a force pulling objects together but as the bending of spacetime by mass and energy. A heavy object like the Sun curves the spacetime around it, and other objects, like planets, simply follow the straightest available paths through that curved fabric. The common image is a heavy ball resting on a stretched rubber sheet, with smaller balls rolling toward it.


Why it mattered to Hawking

Spacetime is the stage on which all of Hawking’s physics takes place. Black holes are regions where spacetime is curved so steeply that paths fold back on themselves; singularities are points where its curvature becomes infinite; and the singularity theorems are, at heart, rigorous arguments about the global shape of spacetime. His most speculative idea, the no-boundary proposal, even reimagines time near the Big Bang as behaving like another dimension of space, blurring the line between the two entirely.

See how physicists map spacetime causally with the Penrose diagram explainer.




General Relativity

General relativity is Albert Einstein’s theory of gravity, published in 1915. Its central idea is that gravity is not a force in the ordinary sense but the result of mass and energy bending the fabric of spacetime. Objects moving through curved spacetime follow paths that look, to us, like the pull of gravity. As the physicist John Wheeler put it, matter tells spacetime how to curve, and curved spacetime tells matter how to move.

The theory has passed every experimental test for over a century, from the bending of starlight by the Sun to the slowing of clocks in strong gravity to the detection of gravitational waves.


Why it mattered to Hawking

General relativity is the foundation of nearly everything Hawking did. It predicts black holes and the expansion of the universe, and it was by analysing its equations that Hawking and Penrose proved their singularity theorems. But general relativity is a theory of the very large and does not include quantum mechanics, the physics of the very small. Hawking’s great achievement, Hawking radiation, came precisely from forcing the two together at the edge of a black hole, exposing the cracks where general relativity alone is not enough and a deeper theory of quantum gravity must take over.




Quantum Mechanics

Quantum mechanics is the branch of physics that describes the world at its smallest scales: atoms, electrons, photons and the like. At that level, nature behaves very differently from the everyday world. Particles do not have definite positions and speeds until measured; instead they are described by probabilities. Energy comes in discrete packets, or “quanta.” And, crucially for Hawking’s work, even empty space is never truly empty: it seethes with pairs of “virtual” particles flickering in and out of existence.

Quantum mechanics is extraordinarily well tested and underpins almost all modern technology, from transistors to lasers. Its one great failure is that it has never been successfully combined with general relativity, Einstein’s theory of gravity. The two theories work beautifully in their own domains but contradict each other when both should apply at once.


Why it mattered to Hawking

That unresolved clash is where Hawking did his defining work. His discovery of Hawking radiation came from applying quantum mechanics to the empty space at the edge of a black hole, somewhere general relativity says nothing should ever escape. The result, that black holes glow faintly and slowly evaporate, was the first concrete bridge between the quantum world and gravity, and it created the information paradox, a puzzle that turns precisely on the quantum rule that information can never be destroyed.




Entropy & Black Hole Entropy

Entropy is a measure of disorder, or more precisely of the number of ways the parts of a system can be arranged. The second law of thermodynamics says that the total entropy of an isolated system never decreases: things tend from order toward disorder, which is why a smashed cup never reassembles itself. Entropy is also closely tied to the arrow of time, the reason the past and future feel so different.


The black hole connection

The remarkable twist, and one of Hawking’s most important contributions, is that black holes have entropy too. In the early 1970s the physicist Jacob Bekenstein noticed that the area of a black hole’s event horizon behaves just like entropy: Hawking had proved it can never decrease, exactly as entropy never decreases. Bekenstein proposed that a black hole’s entropy really is proportional to its surface area.

Hawking at first disagreed, but his own work on Hawking radiation ended up proving Bekenstein right and fixing the exact relationship, now called the Bekenstein-Hawking entropy. The implication is profound: it means a black hole’s entropy is written on its two-dimensional surface rather than hidden in its volume, a clue that led to the holographic principle and remains central to the search for a theory of quantum gravity.




The No-Hair Theorem

The no-hair theorem is the surprising result that a black hole can be completely described by just three numbers: its mass, its electric charge, and its rate of spin. Everything else about whatever fell in to create it, the kind of matter, its history, its structure, appears to be erased from the outside view. Physicists summarise this by saying that a black hole “has no hair,” meaning no extra distinguishing features.

This makes black holes, despite their reputation, among the simplest objects in the universe to describe. Two black holes with the same mass, charge and spin are, from the outside, identical, regardless of whether one formed from a collapsing star and the other from a collapsing cloud of books.


Why it mattered to Hawking

That apparent simplicity is precisely what makes the black hole information paradox so sharp. If a black hole truly retains no trace of what fell in, and then evaporates into featureless radiation, the detailed information about everything it swallowed seems to vanish from the universe, which the laws of quantum mechanics forbid. The no-hair idea, the radiation and the paradox are three faces of the same deep problem Hawking spent decades on.




The Cosmic Microwave Background

The cosmic microwave background, or CMB, is a faint glow of microwave radiation that fills the entire sky in every direction. It is the cooled-down afterglow of the hot, dense early universe, light released about 380,000 years after the Big Bang, when the cosmos had expanded and cooled enough to become transparent for the first time. In effect, it is a photograph of the universe in its infancy.

Discovered by accident in 1965, the CMB is one of the most important findings in the history of cosmology. Its existence confirmed that the universe really did begin in a hot, dense state, settling a major scientific debate, and its temperature, almost perfectly uniform across the whole sky, fits the Big Bang model with extraordinary precision.


Why it mattered to Hawking

The tiny variations in the CMB, regions very slightly hotter or cooler than average, are the seeds from which galaxies later grew. Hawking did important early work on exactly this: how minute quantum fluctuations in the very early universe could have been stretched by its rapid expansion into the ripples we now see imprinted on the CMB, and from there into the large-scale structure of the cosmos. The map of the early universe, in other words, carries traces of the quantum physics he spent his life studying.




Escape Velocity

Escape velocity is the speed an object must reach to break free of a body’s gravitational pull without any further push. For Earth it is about 11 kilometres per second; for the Moon, with its weaker gravity, far less. The more massive and compact the body, the higher its escape velocity.

This simple idea leads straight to the concept of a black hole. Imagine compressing an object until its gravity is so strong that its escape velocity reaches the speed of light. At that point, not even light, the fastest thing there is, can escape, and the object becomes black. The boundary at which this happens is the event horizon.


Why it mattered to Hawking

The link between escape velocity and black holes is surprisingly old, dating to speculations by John Michell in the eighteenth century about “dark stars.” But it took Einstein’s general relativity to make the idea rigorous, replacing the simple Newtonian picture with the curving of spacetime. Hawking worked firmly in that relativistic framework, where a black hole is not just an object with very high escape velocity but a region where the structure of spacetime itself folds inward. The everyday notion of escape velocity is the gateway to the much stranger reality he spent his life studying.




Virtual Particles

Virtual particles are a consequence of one of the strangest features of quantum mechanics: empty space is never truly empty. Because of the uncertainty built into quantum physics, pairs of particles, one matter and one antimatter, are constantly appearing out of the vacuum and almost instantly annihilating each other again. They exist far too briefly to be observed directly, hence “virtual,” but their effects are real and measurable.


Why they mattered to Hawking

Virtual particles are the heart of the popular explanation of Hawking radiation. Near a black hole’s event horizon, Hawking realised, a pair of virtual particles can be split apart: one falls into the black hole while the other escapes and becomes a real particle, carrying energy away. To balance the books, the black hole loses a tiny amount of mass. Repeated over unimaginable spans of time, this process causes the black hole to slowly shrink and eventually evaporate.

Hawking was always careful to call this a simplified picture rather than the literal mathematics, but it captures the essential and revolutionary point: by taking the quantum restlessness of empty space seriously, he showed that black holes are not entirely black after all.




Trapped Surface

A trapped surface is a region of spacetime so strongly curved by gravity that even light emitted outwards is dragged inwards. Normally, if you switch on a light, the wavefront expands in every direction. Inside a trapped surface, gravity is so intense that both the inward and the outward-going light actually converge toward a smaller area. Once a trapped surface forms, collapse to a singularity becomes unavoidable.


Why it mattered to Hawking

The trapped surface is the crucial idea behind the most important result of Hawking’s early career. It was introduced by Roger Penrose in 1965, and its power was that it let physicists prove things about black holes without tracking the messy details of a collapsing star. Penrose showed that once a trapped surface exists, general relativity guarantees a singularity must follow.

Hawking took this concept and applied it, in reverse, to the entire universe, reasoning that the expanding cosmos run backwards behaves like a collapse and must therefore also harbour a singularity at its origin. The trapped surface is thus the technical seed of the Penrose-Hawking singularity theorems, and a perfect illustration of how a single sharp idea can unlock an entire field.




The Planck Scale

The Planck scale is the realm of the almost inconceivably small, where the familiar rules of physics are expected to break down. The Planck length is about a hundred million trillion times smaller than a proton, and the Planck time is the corresponding interval, the time light takes to cross that distance. They are built from the fundamental constants of nature and mark the scale at which the effects of gravity and quantum mechanics become equally important.


Why it mattered to Hawking

This is the crux of the great unsolved problem of physics. On everyday and astronomical scales, general relativity describes gravity perfectly, while quantum mechanics rules the world of particles. The two almost never need to be used together. But at the Planck scale, both apply at once, and they contradict each other. To describe nature there, physicists need a theory of quantum gravity that does not yet fully exist.

Hawking spent his career probing exactly the places where this matters: the singularity at the heart of a black hole and the first instant of the Big Bang, where conditions reach the Planck scale and a quantum theory of gravity becomes essential. His work on Hawking radiation and the no-boundary proposal were attempts to glimpse that missing theory from the outside.




Redshift

Redshift is the stretching of light to longer, redder wavelengths. When a source of light moves away from us, or when the space between us and it expands, the light waves are stretched out and shifted toward the red end of the spectrum. The faster the recession, the greater the redshift. The opposite, light shifted toward the blue, happens when a source approaches.


Why it matters

Redshift is one of the most important tools in all of cosmology. In the 1920s Edwin Hubble found that almost every distant galaxy is redshifted, and that the more distant ones are redshifted more. The only sensible explanation was that the universe itself is expanding, carrying galaxies apart. This was the discovery that turned the Big Bang from speculation into the leading model: if everything is flying apart now, it was once packed together.



The connection to Hawking

The expanding universe revealed by redshift is the starting point of Hawking’s cosmology. His singularity theorems take that expansion and run it backwards in time, showing that it must trace back to an initial singularity. Redshift also appears in a second guise in his work: light climbing out of the steep gravity near a black hole is redshifted too, and at the event horizon this gravitational redshift becomes infinite, which is part of why the horizon appears, from outside, as a frozen edge.




Dark Energy

Dark energy is the name physicists give to the mysterious something that appears to be driving the expansion of the universe to speed up over time. It is not “dark matter,” a separate puzzle, but a property of space itself that pushes outward. Although it cannot be seen or directly detected, its effects suggest it accounts for roughly two-thirds of the total content of the universe, making it the dominant feature of the cosmos and one of the greatest unsolved problems in science.


Why it matters

Until 1998, most cosmologists expected the expansion of the universe to be gradually slowing under the pull of gravity. The shock discovery that it is in fact accelerating, made by studying distant exploding stars, forced the introduction of dark energy and earned a Nobel Prize. It dramatically changed the likely long-term fate of the universe, from a possible slowing or recollapse to an ever-faster, ever-colder expansion.



The connection to Hawking

Dark energy is closely related to an idea with a long and tangled history: the cosmological constant, a term Einstein once added to his equations of general relativity and later regretted. Hawking, working on the origin and overall shape of the universe, engaged with the question of why empty space carries energy at all, a problem that connects the largest scales of cosmology to the quantum physics of the vacuum he studied in his work on black holes. It remains unresolved.




Wormholes

A wormhole is a hypothetical tunnel through spacetime that could, in principle, connect two distant points, or even two different universes, by a shortcut. The idea emerges from the mathematics of general relativity: Einstein and Nathan Rosen described such a structure in 1935, sometimes called an Einstein-Rosen bridge. Whether wormholes can actually exist, and whether anything could safely pass through one, remains entirely speculative, since holding one open would require exotic forms of matter that may not exist.


Why they mattered to Hawking

Wormholes were more than science-fiction set dressing for Hawking. In the late 1980s he explored the idea that tiny wormholes might connect our universe to countless “baby universes” branching off from it, a line of thought he wrote about for general readers in his essay collection Black Holes and Baby Universes. He pursued this partly as a possible angle on the black hole information paradox and the deep workings of quantum gravity.

Wormholes also link to his friend Kip Thorne, who studied them seriously, including their use in the film Interstellar. For Hawking they were a tool for thinking about the connectivity of spacetime at its strangest, not merely a route for fictional travellers.

Wormholes featured memorably in the film Interstellar; see the science of Interstellar.




String Theory & M-Theory

String theory is an ambitious framework in which the fundamental building blocks of nature are not point-like particles but tiny, vibrating strings. Different vibrations of the string would correspond to different particles, much as different notes come from one violin string. Its great appeal is that it naturally includes gravity alongside the other forces, making it a leading candidate for the long-sought theory of quantum gravity that would unite general relativity with quantum mechanics.

M-theory is a later development that unites several competing versions of string theory into a single framework, at the cost of requiring eleven dimensions of spacetime rather than the familiar four.


Why it mattered to Hawking

Hawking was not primarily a string theorist, but he engaged seriously with these ideas, especially late in his career. In The Grand Design, written with Leonard Mlodinow, he argued that M-theory is the best current candidate for a complete theory of the universe, and used it to suggest that the laws of physics might allow a multitude of different universes.

String theory also produced the holographic principle, one of the most promising routes to resolving the information paradox that Hawking raised, meaning his black hole work and string theory remain deeply intertwined in the search for quantum gravity.






His Views on the Big Questions

Some of the most common questions about Stephen Hawking are not about his physics at all, but about what he thought: about God, alien life, the future of humanity, whether time travel is possible, and what, if anything, it all means. He had genuine, well-documented positions on all of these, expressed across his books, interviews and public lectures.

These pages set out those views as clearly and accurately as possible, distinguishing what he actually said from what is often misattributed to him. Start with the question people ask most, did Stephen Hawking believe in God?, or explore his thinking on aliens, time travel, artificial intelligence, the survival of humanity, and the meaning of life. A final page reviews his major predictions and how they have aged.

The section also covers what he thought about death and his political views.


Did Stephen Hawking Believe in God?

No. Stephen Hawking did not believe in God. He was an atheist who held that the universe can be explained entirely by the laws of physics, with no need for a creator. The confusion comes mainly from his most famous book, which has misled many readers about what he actually thought.


The “mind of God” misunderstanding

A Brief History of Time ends with a now-legendary line about how a complete theory of physics would let us “know the mind of God.” Many took this as a statement of faith. Hawking was clear that it was nothing of the kind: he used “God” as a figure of speech for the fundamental laws of nature, not for any conscious being. It was metaphor, not belief.



What he actually said

Over time Hawking grew more explicit. In The Grand Design (2010), written with Leonard Mlodinow, he argued that because a law like gravity exists, the universe can and will create itself from nothing, and that it is therefore not necessary to invoke a creator to set it going. In his final book, Brief Answers to the Big Questions (2018), he was blunter still, stating plainly that in his view there is no God and no one directs our fate.

He also rejected the idea of an afterlife, once describing heaven as a comforting story for people afraid of the dark. He saw the brain as a kind of computer that stops working when its components fail, with nothing to follow.



A respectful unbeliever

It is worth being precise about his tone. Hawking was not aggressively anti-religious in the manner of some public atheists; he often spoke about these questions with curiosity and good humour rather than hostility, and he was happy to use religious language as metaphor. His position was simply that the evidence and the physics pointed to a universe that needs no supernatural explanation, a conclusion he reached through his work on the origin of the universe and the no-boundary proposal, which sought to describe a cosmos with no first moment for a creator to act upon.




What Did Stephen Hawking Think About Aliens?

Stephen Hawking believed that alien life almost certainly exists, but he was famously cautious, even alarmed, about the idea of humanity actively trying to make contact. His position combined scientific optimism about life with a hard-headed warning about the risks.


Life is probably out there

Given the sheer size of the universe, with its hundreds of billions of galaxies each containing hundreds of billions of stars, Hawking thought it would be surprising if Earth were the only place where life had arisen. He considered the existence of microbial life elsewhere highly likely, and intelligent life entirely possible. He supported the scientific search for it, lending his name to the Breakthrough Listen initiative, which scans the skies for signals.



But contact could be dangerous

Where Hawking diverged from the more hopeful voices was on the question of whether we should try to announce ourselves. He warned repeatedly against broadcasting our location to the cosmos. His reasoning drew on human history: when a technologically advanced civilisation has encountered a less advanced one on Earth, the result has rarely been good for the less advanced party. An alien civilisation capable of reaching us, he argued, would by definition be far ahead of us, and we could not assume it would be friendly. We might, he suggested, be wiser to listen quietly than to shout.



A characteristic balance

Hawking’s view on aliens captures something typical of his thinking: a willingness to take a bold, imaginative possibility completely seriously, paired with a sober assessment of the risk. It is closely related to his wider concern for the survival of humanity and his belief that we should be thoughtful about powerful forces, whether alien civilisations or artificial intelligence, before we summon them. Whether his caution was justified remains, of course, untested.




What Did Stephen Hawking Think About Time Travel?

Stephen Hawking found time travel a serious and irresistible question, and his answer was nuanced: travelling forwards in time is real and proven, while travelling backwards is probably forbidden by the laws of physics, though he could not entirely rule it out.


Forward time travel is real

This part is not science fiction. Einstein’s theory of relativity shows that time runs at different rates depending on speed and gravity. Travel fast enough, or sit near a strong enough gravitational field, and time passes more slowly for you than for everyone else, so you effectively jump forward into their future. Astronauts experience this in tiny amounts already. Hawking liked to point out that a fast enough spaceship would be a genuine, if impractical, machine for visiting the future.



Backward time travel is another matter

Going back is far harder, and Hawking suspected nature does not allow it. The equations of general relativity do permit exotic structures such as wormholes that might in principle connect different times, but Hawking argued that any attempt to use them would likely be destroyed by runaway feedback before it could work. He summed this up in his chronology protection conjecture: the idea that the laws of physics conspire to prevent travel into the past, keeping the universe “safe for historians,” as he put it.



The party for time travellers

Hawking tested his scepticism with one of his best-loved jokes. In 2009 he held a party, complete with balloons and champagne, for time travellers, but sent out the invitations only after the event had taken place. The logic was playful but pointed: if backward time travel were ever possible, a guest from the future could have read the invitation and come back to attend. Nobody showed up. It was not proof, as he cheerfully admitted, but it captured his hunch that the past stays firmly out of reach.

Explore the effect for yourself with the time dilation calculator.




What Did Stephen Hawking Think About Artificial Intelligence?

Stephen Hawking was one of the most prominent early voices urging caution about artificial intelligence. His position was not technophobia; it was a warning, from someone who relied on AI to speak, that we should think very hard about a technology that might one day surpass us.


The warning

In a widely reported 2014 interview, Hawking said that the development of full artificial intelligence could spell the end of the human race. His concern was specific: a sufficiently advanced AI might be able to redesign and improve itself, entering a cycle of self-improvement far faster than slow biological evolution can match. Humans, limited by the pace of natural change, could be left behind, or worse, find that a superintelligent system’s goals did not align with our survival. He returned to the theme repeatedly and lent his name to open letters calling for research into keeping AI safe and beneficial.



The other side of the ledger

Hawking was careful never to be one-sided. He readily acknowledged that AI could be the most beneficial technology in human history, with the potential to cure disease, lift living standards and help solve problems beyond our current reach. He even depended on it personally: the system that gave him his voice used predictive software, a form of AI, to help him communicate. His message was not “stop,” but “be careful, and start thinking about the risks now rather than later.”



A prescient concern

There is a particular poignancy and authority in these warnings coming from Hawking. They were also, in hindsight, ahead of their time: the questions he raised about advanced AI, once treated as fringe speculation, have since moved to the centre of mainstream debate. How well his specific fears will age is assessed on the page about his predictions, but the basic instinct, to take a powerful emerging technology seriously before it arrives, is very much the Hawking approach, the same caution he urged about contacting aliens.




Did Stephen Hawking Think Humanity Would End?

In his later years Stephen Hawking spoke often, and with growing urgency, about threats to the survival of the human species. He was not a fatalist, he believed we could come through, but he insisted that our long-term future is far from guaranteed and that we should act to protect it.


The threats he feared

Hawking identified several dangers, most of them of our own making. He warned about the risk of nuclear war, about environmental damage and climate change on an increasingly crowded planet, about engineered viruses, and about advanced artificial intelligence. He also noted natural threats beyond our control, such as a major asteroid impact. His worry was that as our technological power grows, so does our capacity to destroy ourselves, and that a single catastrophe on a single planet could end everything.



The case for leaving Earth

Hawking’s proposed answer was bold: humanity must become a multi-planet species. Confining ourselves to one fragile world, he argued, is like keeping all our eggs in one basket. Spreading out into the solar system and eventually beyond would be a form of insurance, ensuring that a disaster on Earth need not mean the extinction of humankind. He spoke of establishing a self-sustaining presence off-world and urged that we treat this not as a distant dream but as a priority for the coming centuries. Notably, his sense of urgency increased over time: estimates he gave for how long humanity had to begin spreading out grew shorter in his final years.



Hope, not despair

For all the alarm, Hawking’s underlying message was hopeful and motivating rather than gloomy. He believed humanity was capable of rising to these challenges through reason, science and cooperation, and that understanding the dangers clearly was the first step to avoiding them. It is the same spirit found throughout his reflections on the future and on life: clear-eyed about the risks, but ultimately on the side of human possibility.

His political response to these threats, including on climate, is covered in Hawking on politics.




What Did Stephen Hawking Think the Meaning of Life Was?

Given that Stephen Hawking did not believe in God or an afterlife, a natural question follows: where did he find meaning? His answer was neither bleak nor evasive. He located meaning not in the heavens but in understanding, in love, and in the sheer improbable fact of our own existence.


Meaning in understanding

For Hawking, the search to understand the universe was itself a source of profound purpose. He believed that what makes human beings remarkable is not our size or importance, we are, as he liked to say, a fairly ordinary species on an ordinary planet, but our extraordinary ability to comprehend the cosmos we are a tiny part of. That we can work out the laws governing black holes and the origin of time, with brains evolved on the African savannah, struck him as something close to miraculous, and worth devoting a life to.



Meaning in the time we have

Because he did not believe in a life beyond this one, Hawking placed great value on the time we actually have. Far from making life pointless, the absence of an afterlife made each moment more precious. His advice, drawn together on the page about his words on life, was to be curious, to do work that matters, to value the people you love, and to keep looking outward at the universe rather than down at your feet. Having lived for decades under a sentence he expected to be brief, he spoke about appreciating life from a position few could match.



A meaning we make

In the end, Hawking’s view was that meaning is not handed down from above but made by us: through curiosity, through relationships, through contribution. It is a humanist’s answer, and a hopeful one. The universe may not have been created for any purpose, but that, for Hawking, was all the more reason to find purpose in understanding it and in each other.

Closely related is his attitude to mortality itself: see what Hawking thought about death.




Stephen Hawking’s Predictions, and How They Have Aged

Stephen Hawking made many predictions and warnings about the future, especially in his later years. Some were scientific, some were about the fate of humanity, and they varied widely in how testable they are. This page reviews the major ones and asks, honestly, how each is holding up.


Artificial intelligence could threaten humanity

When Hawking warned in 2014 that advanced artificial intelligence could pose an existential risk, the idea was treated by many as fringe. It has aged remarkably well in one important sense: the concern is now firmly mainstream, debated by leading researchers, companies and governments. Whether the specific catastrophe he feared will ever materialise remains unknown and hotly contested, but his instinct that AI risk deserved serious attention looks prescient.



Humanity must leave Earth to survive

Hawking’s call for humanity to become a multi-planet species has moved from speculation toward active ambition, with serious efforts now aimed at returning to the Moon and reaching Mars. His underlying claim, that spreading beyond Earth would reduce our long-term risk of extinction, cannot be proven, but the direction of travel has matched his hopes. His shrinking timelines for when we must do this remain his most debatable specifics.



We should be wary of contacting aliens

His warning against broadcasting our presence to potential alien civilisations remains entirely untested, and likely will for a long time. It continues to divide scientists, some of whom share his caution while others argue it is already too late or unnecessary. It stands as a thought-provoking position rather than a verified or falsified prediction.



Black holes evaporate

His most important scientific prediction, Hawking radiation, implies that black holes slowly evaporate. This has still never been directly observed, because the effect is far too faint for real black holes, which is why it never won him a Nobel Prize. However, related predictions have fared well: in 2021 his 1971 area theorem was confirmed using gravitational waves, and laboratory experiments with analogue systems have produced results consistent with Hawking radiation. The core idea remains widely accepted by physicists even without a direct detection.



A fair verdict

Taken together, Hawking’s predictions reveal a thinker who was often early rather than wrong. His scientific work has largely been vindicated or remains the leading view; his warnings about AI and human survival have become mainstream concerns; and his more speculative positions remain open questions. He was rarely reckless with a forecast, and his record, judged fairly, is that of someone who saw the important problems coming sooner than most.




What Did Stephen Hawking Think About Death?

Few people have lived as long under the shadow of death as Stephen Hawking, who was told at twenty-one that he had only a couple of years to live and went on to live another fifty-five. Unsurprisingly, he thought about mortality with unusual clarity, and his conclusions were calm, unsentimental and characteristic.


Not afraid, but in no hurry

In a much-quoted 2011 interview, Hawking summed up his attitude: he had lived with the prospect of an early death for decades, he was not afraid of it, but he was in no hurry to die, because there was still so much he wanted to do first. That balance, an acceptance of death without any rush toward it, defined his outlook. The early diagnosis, far from paralysing him, had sharpened his appreciation of the life he did have.



No afterlife

Consistent with his view that there is no God, Hawking did not believe in any life after death. He once described the brain as a computer that simply stops working when its components fail, with no heaven or afterlife waiting for it, calling such beliefs a comforting story for people afraid of the dark. It was a stark image, but for Hawking it was not a bleak one: it was precisely because there is no second life that this one matters so much.



Death as a spur to living

The most striking thing about Hawking’s view of death is how it fuelled rather than dimmed his life. Believing there was nothing afterward made the time he had more precious, not less, and his decades-long awareness of mortality drove the urgency and productivity of his work. His reflections here connect closely to his thoughts on the meaning of life: with no eternity to fall back on, the task is to do what you can, value those you love, and keep looking outward, while there is still time.




What Were Stephen Hawking’s Political Views?

Although best known for cosmology, Stephen Hawking became increasingly outspoken on political questions in his later years. His views were broadly on the political left, and he was not shy about expressing them. This page sets out his documented positions; it reports what he said rather than taking any view of its own.


Broadly on the left

Hawking was a long-standing supporter of Britain’s Labour Party and held generally progressive views. The cause closest to his heart was the National Health Service, which he credited with his survival and defended fiercely; that story is told in full on the page about his activism and public life.



Opposed to Brexit

Hawking was a clear opponent of Britain leaving the European Union. Ahead of the 2016 referendum he argued strongly for remaining, and his concerns were rooted in his own world: he warned that leaving would damage British science by cutting off research funding, collaboration and the free movement of scientists that he believed had helped make the UK a scientific power. He saw the issue less in narrow party terms than as a question of the country’s scientific future.



Critical of Donald Trump

Hawking was openly critical of US President Donald Trump. He said he found it hard to understand Trump’s appeal and described him in unflattering terms. His sharpest concern was environmental: he warned that Trump’s decision to withdraw the United States from the Paris climate agreement could help push the planet past a dangerous tipping point, and he repeatedly stressed the urgency of acting on climate change, which he counted among the serious threats to humanity’s future.



A scientist in the public square

What unites Hawking’s political interventions is that they tended to flow from his identity as a scientist: a defence of evidence, of research, of international cooperation, and of institutions like the NHS. He believed his fame carried a responsibility to speak out on the issues he understood, and in his final years he used it freely.






His Collaborators

The popular image of Hawking is of a lone genius, but his most important work was deeply collaborative. The singularity theorems, the no-boundary proposal, the laws of black hole thermodynamics, each was shaped by a partnership with another formidable mind. These pages introduce the scientists who mattered most to his work, who they were in their own right, and exactly how their paths crossed his.

See also the scientists Hawking himself trained, in students and academic lineage.


Roger Penrose

Sir Roger Penrose, born in 1931, is a British mathematician and theoretical physicist and the single most important scientific collaborator of Hawking’s career. A figure of extraordinary range, he has made fundamental contributions to mathematics, physics and the study of the mind.


His own work

Penrose is celebrated for an unusually wide body of work. In pure mathematics he devised the famous Penrose tilings, patterns that cover a surface without ever repeating. In physics he developed twistor theory, an ambitious attempt to rebuild the foundations of spacetime, and the Penrose process, a way of extracting energy from a rotating black hole. He is also known to the wider public for books such as The Emperor’s New Mind, in which he argued, controversially, that human consciousness cannot be explained by computation alone.

In 2020 Penrose was awarded a share of the Nobel Prize in Physics for showing that the formation of black holes is a robust prediction of general relativity, the very line of work he had begun in the 1960s.



His connection to Hawking

It was Penrose who, in 1965, first proved that a collapsing star must form a singularity, using powerful new geometric and topological methods rather than tracking the messy details of the collapse. The young Hawking seized on these techniques and, crucially, ran the argument in reverse, applying it to the whole expanding universe to show that it too must have begun from a singularity.

The two went on to develop and strengthen these results together, culminating in the joint Penrose-Hawking singularity theorems around 1970, among the most influential results in twentieth-century physics. Penrose’s geometric way of thinking, reasoning about the global shape of spacetime rather than grinding through equations, profoundly shaped how Hawking approached physics for the rest of his life. Their collaboration is the clearest example of how far from solitary Hawking’s greatest work really was.




Kip Thorne

Kip Thorne, born in 1940, is an American theoretical physicist and one of the world’s leading authorities on the consequences of general relativity. He was a close friend of Hawking’s for decades, and their relationship produced some of the most entertaining episodes in modern physics.


His own work

Thorne spent his career at Caltech studying the extreme physics of black holes, gravitational waves and the possibility of time travel through wormholes. His greatest achievement was as a founder of LIGO, the vast experiment that, in 2015, made the first direct detection of gravitational waves, ripples in spacetime from two distant black holes colliding. For this he shared the 2017 Nobel Prize in Physics. He is also widely known beyond science as the executive producer and scientific architect of the film Interstellar, whose black hole imagery he helped make physically accurate.



His connection to Hawking

Thorne and Hawking were friends and intellectual sparring partners, and they are famous for their wagers. In 1974 Hawking bet Thorne that the object Cygnus X-1 was not a black hole, an odd position for a black hole theorist, which Hawking framed as a kind of insurance policy: if he was wrong about black holes existing, at least he would win the bet. As the evidence mounted, he conceded in 1990.

A second, more serious bet, made with Thorne against the physicist John Preskill, concerned the black hole information paradox. These wagers were not stunts; they were Hawking’s way of staking out clear, falsifiable positions and, when the evidence turned, conceding them in public and with good humour, a habit explored on the page about how his mind worked. Through it all, Thorne remained one of his closest companions in physics.

Their wagers are collected on the page about Hawking’s famous bets.

Thorne’s most famous public project is explored in the science of Interstellar.




James Hartle

James Hartle, who lived from 1939 to 2023, was an American theoretical physicist based for most of his career at the University of California, Santa Barbara. A specialist in gravitation and the foundations of quantum mechanics, he was the partner behind one of Hawking’s most ambitious ideas.


His own work

Hartle worked on applying quantum mechanics to gravity and to the universe as a whole, a notoriously difficult problem. Beyond his work with Hawking, he is known for developing, with the Nobel laureate Murray Gell-Mann, the “decoherent histories” approach to quantum mechanics, an attempt to make sense of how the definite, classical world we experience emerges from underlying quantum uncertainty. He also wrote a respected modern textbook on general relativity.



His connection to Hawking

Hartle and Hawking are jointly remembered for the no-boundary proposal of 1983, sometimes called the Hartle-Hawking state. It is one of the most striking ideas in modern cosmology. Asking what came “before” the Big Bang, they argued, may be as meaningless as asking what lies north of the North Pole.

Using a mathematical device called imaginary time, they proposed that near its origin the universe had no sharp boundary or starting edge, no initial singularity at all. Instead, time near the beginning behaved smoothly, like another direction of space, so the universe is finite but has no first moment, just as the Earth’s surface is finite but has no edge. It was a serious attempt to remove the singularity that Hawking’s own earlier theorems had insisted upon, by bringing quantum mechanics into the picture. The proposal remains one of the boldest answers anyone has offered to the question of how everything began.




Jacob Bekenstein

Jacob Bekenstein, who lived from 1947 to 2015, was an Israeli-American theoretical physicist. Though he and Hawking are remembered as much for their early disagreement as for any formal collaboration, their exchange of ideas produced one of the deepest results in modern physics, and a quantity that carries both their names.


His own work

A student of the legendary physicist John Wheeler, Bekenstein spent much of his career on black holes and the limits that physics places on information. He is best known for the bold proposal, made while still a graduate student in the early 1970s, that black holes must have entropy, and for the “Bekenstein bound,” a fundamental limit on how much information can be contained in any region of space. These ideas helped lay the groundwork for thinking of physics in terms of information, a theme that now runs throughout the field.



His connection to Hawking

Bekenstein noticed that Hawking’s own area theorem, which showed that a black hole’s event horizon can never shrink, behaved suspiciously like the second law of thermodynamics, in which entropy never decreases. He proposed that a black hole’s entropy is proportional to the area of its horizon.

Hawking initially thought the idea was wrong. If a black hole had entropy, it must have a temperature, and anything with a temperature must radiate, yet black holes were supposed to swallow everything and emit nothing. In trying to prove Bekenstein mistaken, Hawking discovered the opposite: black holes do radiate. That discovery, Hawking radiation, confirmed Bekenstein’s intuition and pinned down the exact relationship, now known as the Bekenstein-Hawking entropy. It is a perfect example of how a disagreement, pursued rigorously, can lead to a breakthrough that vindicates both sides.




Dennis Sciama

Dennis Sciama, who lived from 1926 to 1999, was a British physicist and one of the most influential mentors in the history of cosmology. He was Stephen Hawking’s doctoral supervisor at Cambridge, and his guidance came at the most critical moment of Hawking’s life.


His own work and influence

Sciama worked across cosmology and astrophysics, including early ideas about the origin of inertia. But his greatest legacy is arguably as a teacher. He supervised an extraordinary roster of students who went on to shape the field, including the Astronomer Royal Martin Rees, the cosmologist George Ellis, and Brandon Carter, as well as Hawking. Famously open-minded, Sciama had favoured the rival steady-state model of the universe but accepted the Big Bang when the evidence turned against his preference, a model of scientific honesty he passed on to his students.



His connection to Hawking

Sciama took Hawking on as a research student in the early 1960s, just as the diagnosis of motor neurone disease threatened to end his career before it began. Sciama’s encouragement and belief helped keep him in physics through that desperate period. He pointed Hawking toward the problems that would make his name, kept him connected to the leading questions of the day, and introduced him to the wider community of relativists, including Roger Penrose, whose work would prove so important. Without Sciama’s mentorship at that fragile early stage, the career that followed might never have happened.

Sciama’s place in Hawking’s academic family is set out in students and academic lineage.




Leonard Mlodinow

Leonard Mlodinow, born in 1954, is an American theoretical physicist and a highly successful popular-science author. He was Hawking’s writing partner on two of his later books, bringing a storyteller’s craft to Hawking’s ideas.


His own work

Mlodinow has had an unusually varied career. As a physicist he worked on quantum theory; he also spent years writing for television, including Star Trek: The Next Generation, before becoming a best-selling author in his own right. His solo books, on subjects from randomness to the unconscious mind, are admired for making difficult ideas vivid and accessible, exactly the skill that made him an ideal collaborator for Hawking.



His connection to Hawking

Mlodinow co-wrote two books with Hawking. The first, A Briefer History of Time (2005), was a shorter, clearer reworking of Hawking’s most famous book, designed for readers who had found the original daunting. The second, The Grand Design (2010), was more ambitious and more controversial, arguing that modern physics, and M-theory in particular, can explain the existence of the universe without invoking a creator.

Their partnership reflected something Hawking valued throughout his career: the conviction that profound science is worth nothing if it cannot be communicated, a theme explored on the page about how he thought. Mlodinow helped him honour that conviction late in life.




Don Page

Don Page, born in 1948, is an American-Canadian theoretical physicist who was both a close scientific collaborator and a personal friend of Hawking’s. For a period in the 1970s he lived with the Hawking family in Cambridge, helping with care while working alongside Hawking on the frontier of black hole physics.


His own work

Page is best known for ideas that bear directly on the black hole information paradox. His analysis of how information might gradually emerge in the radiation from an evaporating black hole led to what is now called the “Page curve,” a precise prediction of how the information content of Hawking radiation should change over the black hole’s lifetime if information is, in fact, preserved. The Page curve has become one of the central reference points in modern attempts to resolve the paradox, and recent theoretical work has been celebrated partly for reproducing it.



His connection to Hawking

Beyond the physics, Page and Hawking made an interesting pair. Page is a devout evangelical Christian, while Hawking was an atheist, and the two are said to have enjoyed cheerful arguments about religion alongside their work. Their collaboration on the quantum behaviour of black holes in the 1970s came at the most fertile period of Hawking’s research, and Page’s later insights into the information question kept him engaged with the puzzle Hawking had created and wrestled with for the rest of his life.




Brandon Carter

Brandon Carter, born in 1942, is an Australian theoretical physicist who studied alongside Hawking under Dennis Sciama at Cambridge and went on to make several contributions that intersect directly with Hawking’s work.


His own work

Carter is known for two quite different ideas. The first is technical: he did foundational work on the properties of rotating black holes and on the no-hair theorem, the result that black holes are described by just a few numbers. The second reached far beyond physics: Carter coined the term “anthropic principle,” the observation that the properties of the universe we observe must be compatible with our own existence as observers, since otherwise we would not be here to measure them. The anthropic principle has been debated by physicists and philosophers ever since.



His connection to Hawking

Carter’s most direct link to Hawking is the four laws of black hole mechanics, set out in a celebrated 1973 paper by James Bardeen, Brandon Carter and Stephen Hawking. These four laws mirror the laws of thermodynamics with uncanny precision, and they are the formal foundation of black hole thermodynamics. At the time, the parallel with thermodynamics was treated cautiously, almost as an analogy. It was Hawking’s later discovery of Hawking radiation that revealed the laws to be literally, physically true. The anthropic reasoning Carter pioneered also resurfaced in Hawking’s later cosmology, including in The Grand Design.




George Ellis

George Ellis, born in 1939, is a distinguished South African cosmologist and, with Hawking, the co-author of one of the most important technical books in the field. The two were contemporaries in the relativity community that grew up around Dennis Sciama and Roger Penrose.


His own work

Ellis is a major figure in cosmology and the study of general relativity, with deep contributions to our understanding of the large-scale structure of the universe. In later decades he became equally well known for his thoughtful writing on the philosophy of cosmology and on the relationship between science, ethics and religion, and he was awarded the Templeton Prize in 2004. He was also a committed opponent of apartheid in his native South Africa.



His connection to Hawking

In 1973 Ellis and Hawking published The Large Scale Structure of Space-Time, a rigorous, mathematically demanding book that set out the geometric tools of general relativity and the proofs of the singularity theorems in full technical detail. It stands in deliberate contrast to Hawking’s later popular work: where A Brief History of Time was written for everyone, this earlier book was written for specialists, and it remains a respected reference decades later. It represents the serious scientific bedrock beneath the public fame, and Ellis was Hawking’s partner in laying it down.






Hawking Compared

Hawking is constantly ranked against the other titans of physics, so these pages take the comparisons seriously. Each looks at what the two scientists actually contributed, where their work connects, and what an honest assessment of their relative standing looks like. The aim is not to crown a winner, an exercise most physicists would find slightly silly, but to use the comparison to understand each of them better.


Hawking vs Einstein

No two scientists are paired in the public imagination more often than Albert Einstein and Stephen Hawking. Both became the face of physics in their time, both reshaped how we picture the universe, and both transcended science to become cultural figures. But their contributions, and their places in the history of physics, are not quite the same.


How their work connects

The crucial point is that Hawking’s work is built directly on Einstein’s. Einstein’s theory of general relativity, published in 1915, redefined gravity as the curving of spacetime, and it is the foundation of almost everything Hawking did. Black holes, the expansion of the universe and the singularity theorems are all consequences of Einstein’s equations. In a real sense, Hawking spent his career exploring the deepest implications of a theory Einstein created.



Where they differ

Einstein was a founder. He did not extend an existing framework; he overturned the physics of his age twice over, with special relativity and then general relativity, and his explanation of the photoelectric effect helped launch quantum mechanics, winning him the Nobel Prize in 1921. His work changed the basic concepts of space, time, mass and energy.

Hawking worked within and between the great theories Einstein and others had built, and his genius lay in finding where they collided. His defining result, Hawking radiation, is the first real bridge between general relativity and quantum mechanics, a problem Einstein himself never cracked. It is a discovery of profound importance, but it has never been experimentally confirmed, which is why, unlike Einstein, Hawking never won a Nobel Prize.



An honest verdict

Most physicists would place Einstein among the two or three greatest scientists who ever lived, alongside Newton, on the strength of how much he changed the foundations. Hawking is a giant, but a giant of a more specialised kind, the master of a particular frontier rather than the author of a new physics. Their public fame is comparable; their foundational impact is not. There is a poignant coincidence here: Hawking died on 14 March 2018, which was both Pi Day and the anniversary of Einstein’s birth.




Hawking vs Newton

The link between Isaac Newton and Stephen Hawking is unusually direct. Both held the Lucasian Professorship of Mathematics at Cambridge, the chair Newton occupied from 1669 and Hawking from 1979. And both are honoured at Westminster Abbey, where Hawking’s ashes were interred in 2018 close to Newton’s grave. Few scientists are so neatly bracketed by history.


What Newton did

Newton, who lived from 1643 to 1727, has a fair claim to being the most influential scientist of all time. He formulated the three laws of motion and the law of universal gravitation, showing that the same force governs a falling apple and an orbiting Moon. He invented calculus, the mathematical language of nearly all physics since, and transformed the study of light and optics. Newton essentially created the framework of classical physics that would stand unchallenged for more than two centuries.



What Hawking did

Hawking’s universe is the one that emerged after Newton’s was found to be incomplete. Newton’s gravity was superseded by Einstein’s general relativity, which Hawking then pushed to its limits, into the realm of black holes and the origin of the universe. Where Newton described a clockwork cosmos of forces and orbits, Hawking worked at the stranger frontier where gravity meets quantum mechanics, producing results like Hawking radiation that Newton could not have imagined.



An honest verdict

By the measure of sheer foundational impact, Newton stands alone with Einstein at the summit of physics; he built the ground others walk on. Hawking himself would not have claimed that stature, and was characteristically modest about his place in history. What the two share is not equal magnitude but a remarkable symmetry: the same Cambridge chair, the same final resting place, and a shared willingness to ask the largest questions their eras allowed. For more on where Hawking sits among the greats, see Hawking vs Einstein.




Hawking vs Feynman

Stephen Hawking and Richard Feynman are often mentioned together as the great physicist-communicators of the modern era, brilliant scientists who also became famous for explaining their subject to everyone else. The comparison is apt, but their work lay in different parts of physics, and they connect in a way many people miss.


What Feynman did

Richard Feynman, who lived from 1918 to 1988, was an American theoretical physicist of dazzling range. His central achievement was quantum electrodynamics, the theory of how light and matter interact, for which he shared the 1965 Nobel Prize. He invented Feynman diagrams, now a universal tool of particle physics, worked on the Manhattan Project, and later won public fame for his role in explaining the Challenger disaster and for his irreverent, joke-filled memoirs. He was, by wide agreement, one of the greatest teachers physics has ever produced.



What Hawking did

Hawking’s domain was the opposite end of the scale: not the smallest particles but the largest structures, black holes and the universe itself. Like Feynman, he had a rare gift for making hard ideas clear, and A Brief History of Time did for cosmology what Feynman’s lectures did for physics generally, putting it within reach of ordinary readers.



Where they connect

The deeper link is technical. Feynman developed the “sum over histories” method, the idea that a quantum particle effectively takes every possible path at once, and you add them all up. Hawking adopted exactly this approach and applied it to the entire universe in the no-boundary proposal, summing over all possible histories of the cosmos. Feynman’s tool for the very small became, in Hawking’s hands, a tool for the very largest question of all.



An honest verdict

Comparing them is less about ranking than about contrast. Feynman has the more decorated record, with a Nobel Prize and a confirmed, foundational theory to his name; Hawking has the more singular life story and arguably the wider global fame. Both belong on any short list of scientists who genuinely changed how the public sees physics.




Hawking vs Galileo

Hawking liked to point out that he was born on 8 January 1942, exactly three hundred years to the day after Galileo Galilei died. He treated the coincidence lightly, but it links him to a man often called the father of modern science.


What Galileo did

Galileo, who lived from 1564 to 1642, transformed how humanity studies nature. He was among the first to turn a telescope to the sky, discovering the moons of Jupiter, the phases of Venus and the craters of the Moon, observations that demolished the ancient belief in a perfect, unchanging heavens. He championed the idea that the Earth orbits the Sun, and insisted that nature should be read through careful observation and mathematics rather than received authority. For this he was famously tried by the Inquisition and spent his final years under house arrest.



What Hawking did

Hawking worked at the opposite extreme of the same enterprise: not the first careful observations of the solar system, but the most abstract theory of black holes and the origin of the universe. Where Galileo looked outward through a new instrument, Hawking reasoned inward with mathematics toward places no instrument can reach. Yet both were driven by the same conviction, that the universe is governed by discoverable laws and that human beings can find them.



An honest verdict

Galileo’s place in history is foundational in the deepest sense: he helped invent the scientific method itself, and his courage in defending it against authority gives him a moral as well as a scientific stature. Hawking inherited the tradition Galileo helped found rather than founding it. What they share is a refusal to accept the limits others placed on inquiry, a theme central to how Hawking thought, and, in Hawking’s case, a fondness for the symmetry of those two January dates three centuries apart.




Hawking vs Darwin

Stephen Hawking and Charles Darwin are linked by geography as much as by science: Hawking’s ashes were interred at Westminster Abbey in 2018 near the grave of Darwin, two of the most celebrated scientists Britain has produced, laid to rest in the same building. But their work lay in entirely different domains.


What Darwin did

Charles Darwin, who lived from 1809 to 1882, gave biology its single great unifying idea: evolution by natural selection. In On the Origin of Species (1859) he explained how the immense diversity and apparent design of living things could arise, without a designer, from variation and the differential survival of organisms over vast stretches of time. It is one of the most consequential ideas in the history of thought, reshaping not only biology but humanity’s understanding of its own place in nature.



What Hawking did

Hawking’s subject was the physical universe rather than the living world: the Big Bang, black holes, and the laws governing space and time. Where Darwin explained the origin of species, Hawking probed the origin of the cosmos itself. The two never overlap technically, but there is a striking parallel in ambition: each sought a natural, lawful account of an origin, of life in Darwin’s case, of the universe in Hawking’s, that had previously been assigned to the supernatural.



An honest verdict

Darwin’s theory is foundational to an entire science and changed the worldview of the modern age; few individual ideas in history have done more. Hawking’s contributions, profound within physics, are more specialised. Comparing a biologist and a cosmologist is in truth an apples-and-oranges exercise, which both men would likely have noted. What unites them is national reverence and that shared resting place, a recognition that each pushed human understanding of origins a great deal further. For other comparisons, see Hawking vs Einstein.




Hawking vs Sagan

Stephen Hawking and Carl Sagan are often named together as the supreme popularisers of science in the late twentieth century, the two figures who did most to bring the cosmos into ordinary homes. They also have a direct link that many people forget: Sagan wrote the introduction to the original 1988 edition of A Brief History of Time.


What Sagan did

Carl Sagan, who lived from 1934 to 1996, was an American astronomer and planetary scientist as well as the most famous science communicator of his generation. He did real scientific work, on planetary atmospheres and the conditions for life, and played a part in NASA’s robotic missions. But his greatest impact was as a communicator: his television series Cosmos reached hundreds of millions of viewers, and he championed the search for extraterrestrial intelligence and a sense of wonder at the universe that inspired countless people to take up science.



What Hawking did

Hawking shared Sagan’s gift for reaching the public, and A Brief History of Time arguably surpassed even Cosmos in sheer sales. But Hawking was first and foremost a theorist working at the deepest level of physics, with Hawking radiation and the singularity theorems to his name. His public communication grew out of, and ran alongside, frontier research.



An honest verdict

The fairest summary is that the two excelled at overlapping but different things. Sagan was the greater communicator and a capable scientist; Hawking was the deeper theorist who also happened to communicate brilliantly. Both understood, as Hawking put it in his own approach to explaining science, that knowledge shut away from the public does only half its work. Their connection through that 1988 introduction is a fitting symbol of a shared mission.






His Books

Stephen Hawking believed that if you could not explain your physics to an ordinary curious reader, you probably did not understand it yourself. He turned that conviction into one of the most successful writing careers any scientist has ever had. A Brief History of Time alone sold in the tens of millions and put cosmology on bedside tables around the world.

This section reviews every major book: what is inside it, who it is for, and where to start. The landmark A Brief History of Time is the obvious beginning, with the gentler A Briefer History of Time as an easier alternative and the illustrated The Universe in a Nutshell as its richer companion. For his most philosophical argument, see The Grand Design; for his warmest and most personal writing, Black Holes and Baby Universes and the short memoir My Brief History. His final, posthumous book, Brief Answers to the Big Questions, is the single best distillation of how he thought. And for younger readers there is the George’s Secret Key series, written with his daughter Lucy.

Links to buy the books are affiliate links, and a share of anything earned supports motor neurone disease research, as explained on the support page.

Not sure where to begin? See which Hawking book to read first.


Which Stephen Hawking Book Should You Read First?

Stephen Hawking wrote for very different audiences, from absolute beginners to children to readers who want his deepest ideas. So the honest answer to “which should I read first?” is: it depends on who you are. Here is a simple guide to picking the right starting point.


The short answer

For most people coming to Hawking for the first time, the best place to start is Brief Answers to the Big Questions. It is his most accessible book, his final one, and it is organised around exactly the questions most readers actually want answered, about God, aliens, the future and the meaning of it all. If instead you want the famous classic that made his name, start with A Brief History of Time, bearing in mind it is a little more demanding.



By reader type

“I’ve never really read a science book.” Begin with Brief Answers to the Big Questions, or, if you want a guided tour of the cosmos written to be as gentle as possible, A Briefer History of Time, a deliberately simplified reworking of his classic.

“I want the legendary one everyone talks about.” That is A Brief History of Time, the book that sold in the tens of millions and put cosmology on bedside tables worldwide. It is a genuine classic, though parts repay slow reading.

“I want the big ideas, beautifully illustrated.” Choose The Universe in a Nutshell, a richly illustrated companion that visualises the concepts rather than relying on prose alone.

“I’m interested in the deeper philosophy, does the universe need a God?” Read The Grand Design, his most philosophical and most debated book.

“I care about the man, not just the science.” Start with his short, candid memoir My Brief History, or his warm collection of personal essays, Black Holes and Baby Universes.

“I’m buying for a child or young reader.” Choose George’s Secret Key to the Universe, the children’s adventure series he wrote with his daughter Lucy, which smuggles real science into a fun story.



Still unsure?

If you genuinely cannot decide, Brief Answers to the Big Questions is the safest first choice for almost everyone: short, clear, recent, and a perfect summary of how Hawking saw the universe and our place in it. From there, most readers move on to A Brief History of Time for the full classic. You can browse all of his work on the books page.

Book links on this site are affiliate links, and a share of any revenue supports motor neurone disease research.

Prefer a shortcut? Take the which Hawking book quiz.




A Brief History of Time

It is the book that made Stephen Hawking a household name. Published in 1988, A Brief History of Time set out to explain the origin and fate of the universe to ordinary readers, and in doing so became one of the best-selling science books ever written.


What it covers

The book is a guided tour of the big questions in cosmology as they stood in the late 1980s. Hawking walks the reader through the expanding universe and the Big Bang, the nature of space and time, black holes and his own discovery that they radiate, the “arrow of time” and why it points the way it does, and the long quest for a single unified theory of physics. It famously closes with the suggestion that such a theory would let us know “the mind of God,” a phrase Hawking used to mean the complete set of laws governing the universe rather than anything religious.



The one-equation rule

The most repeated story about the book concerns its mathematics, or near-total lack of it. Hawking’s editor warned him that every equation he included would halve his sales. He took the advice seriously and included just one: Einstein’s E = mc². The discipline this forced, finding words and images for ideas that physicists normally express in mathematics, is exactly what made the book accessible, and it reflects a conviction Hawking held throughout his life: that if you cannot explain something simply, you do not fully understand it.



Why it mattered

The commercial success was staggering. The book sold in the tens of millions, was translated into dozens of languages, and spent years on bestseller lists. It became a genuine cultural object, a fixture on bookshelves around the world and so widely owned that it earned a teasing reputation as a book more often bought than finished.

Its real importance, though, was that it democratised cosmology. It told millions of non-scientists that the deepest questions about the universe were theirs to think about too, and it turned a Cambridge physicist into a global figure. Almost every popular science book that followed owes something to the path it cut.



Who it’s for, and where to start

A Brief History of Time is written for the ambitious general reader. It is genuinely accessible, but it does not pretend the ideas are easy, and some chapters reward a second reading. If you want the original and most influential statement of Hawking’s vision, start here. If you would prefer a gentler, updated route in, the later A Briefer History of Time was written for exactly that purpose.

The first edition carried an introduction by Carl Sagan; the two communicators are compared in Hawking vs Sagan.




A Briefer History of Time

By the early 2000s, A Brief History of Time had been read, and half-read, by millions, and Hawking had heard the same feedback many times: parts of it were hard going. A Briefer History of Time, written in 2005 with the physicist Leonard Mlodinow, is his answer to that.


A friendlier route through the same territory

This is not a sequel so much as a careful reworking. It covers much of the same ground as the 1988 book, the Big Bang, the nature of space and time, black holes, the search for a theory of everything, but rewritten from the ground up to be clearer. The authors expand the explanations readers found most difficult, add helpful illustrations, and trim the passages that tended to lose people.

It is also updated. The intervening years had brought real developments in physics, and A Briefer History brings the story forward, giving more space to ideas such as string theory and the possibility of extra dimensions than the original could.



Who it’s for

If you have always meant to read A Brief History of Time and never quite made it through, this is the book to pick up instead. It is the most beginner-friendly of Hawking’s solo cosmology titles, and it sacrifices none of the wonder in becoming easier to follow. Readers who want the historic original should still reach for A Brief History of Time; everyone else may find this the better first encounter.




The Universe in a Nutshell

Published in 2001, The Universe in a Nutshell is Hawking’s richly illustrated follow-up to A Brief History of Time, and for many readers it is the more enjoyable of the two to hold and to browse.


More visual, more current

Where the 1988 book leaned almost entirely on words, this one is full of diagrams, illustrations and visual analogies designed to make hard ideas approachable at a glance. It also brings the science up to date, devoting real attention to the developments that had moved to the centre of theoretical physics by the turn of the century: string theory, the idea of extra dimensions, “branes,” and the ongoing search for a complete theory that would unite all the forces of nature.

Hawking structured the book so that chapters could be read in almost any order, more like exploring a set of connected rooms than following a single corridor, which suits its browsable, illustration-led style.



Reception

The book was widely praised and won the 2002 Aventis Prize for Science Books, a recognition that it succeeded in making genuinely advanced ideas accessible. It stands as a natural companion to A Brief History of Time: where that book introduced the questions, this one shows where physics had taken them, and does so with notably more colour and imagery.



Who it’s for

Readers who enjoyed the first book and want to go a little further, and anyone who learns best with strong visuals, will get the most from it. The concepts are more advanced in places than in the original, but the illustrations carry a great deal of the load.




The Grand Design

The Grand Design, written with Leonard Mlodinow in 2010, is Hawking at his most ambitious and most controversial. It tackles the largest question of all, why there is a universe at all, and arrives at an answer that made headlines around the world.


The central argument

The book builds towards a striking claim: that the universe did not require a creator to bring it into being. Because there is a law like gravity, Hawking and Mlodinow argue, the universe can and will create itself spontaneously out of nothing. On this view, the existence of the cosmos is not a mystery requiring a divine first cause but a consequence of the laws of physics themselves.

Along the way the book introduces “M-theory,” a proposed framework uniting different versions of string theory, and the related idea of a vast “multiverse” of possible universes with different properties, of which ours is simply one that happens to permit life. It also sets out a philosophy the authors call “model-dependent realism,” the view that we should judge our theories by how well they describe what we observe rather than asking whether they are “really” true in some deeper sense.



The controversy

The conclusion drew immediate and widespread debate, particularly the suggestion that physics had removed the need for God. Theologians, philosophers and some scientists pushed back, and the book opened with the deliberately provocative assertion that “philosophy is dead,” which philosophers were not slow to contest. Whatever one makes of the arguments, the book succeeded in putting deep questions about the origin and meaning of the universe in front of a huge audience.



Who it’s for

This is the Hawking book for readers interested in the philosophical edge of cosmology, where physics meets the questions of why anything exists. It is bolder and more speculative than his earlier work, and it is best read as a provocation to think rather than a settled verdict.

Written with Leonard Mlodinow, it makes the case for M-theory and the multiverse.

Its argument that the universe needs no creator is explained in did Stephen Hawking believe in God?




Black Holes and Baby Universes

Published in 1993, Black Holes and Baby Universes and Other Essays is the most personal of Hawking’s books. Rather than a single sustained argument, it gathers essays, lectures and an interview, and in doing so reveals more of the man behind the physics than any of his other titles except his later memoir.


A more personal Hawking

The collection mixes accessible science with autobiography and dry humour. Hawking writes about his childhood in St Albans, his Oxford and Cambridge years, and, unusually directly, about living with motor neurone disease and what it has meant for his work and his life. Alongside these are pieces on the physics closest to his heart, black holes, the origin of the universe, and the playful, speculative idea of “baby universes” branching off from our own.

Because the pieces were written for different occasions and audiences, the book moves between registers, some chapters gentle and reflective, others tackling real science. The variety is part of its charm.



Who it’s for

Readers who have enjoyed Hawking’s cosmology and want to know more about the person, his voice, his wit, his attitude to his illness, will find this the warmest and most revealing place to look. It pairs naturally with his later memoir, My Brief History, which tells his life story more directly.

The essays include his speculations about wormholes and the baby universes of the title.




Brief Answers to the Big Questions

Published in October 2018, seven months after his death, Brief Answers to the Big Questions is Stephen Hawking’s parting word. Assembled from his personal archive, speeches and essays by his family and colleagues, it gathers his considered answers to the questions he was asked most often across his life.


The big questions

The book is organised around ten of them, including: Is there a God? How did it all begin? Is there other intelligent life in the universe? Can we predict the future? What is inside a black hole? Is time travel possible? Will we survive on Earth? Should we colonise space? Will artificial intelligence outsmart us? And how do we shape the future?

His answers are characteristically plain-spoken. On God, he restates his view that the laws of physics leave no need for a creator. On the future, he is at once hopeful and warning: he was increasingly outspoken in his last years about the long-term risks facing humanity, urging serious attention to climate change, to the dangers and promise of artificial intelligence, and to the case for becoming a space-faring species as insurance against catastrophe.



A fitting last word

The book carries a foreword by Eddie Redmayne, who played Hawking in The Theory of Everything, and an afterword by his daughter Lucy. Reviewers welcomed it as an accessible and moving summary of his thinking, free of jargon and full of his characteristic wit and seriousness in equal measure.



Who it’s for

If you want one book that distils how Hawking thought and what he believed, this is it. It is the most accessible of his works, requires no prior reading, and serves as a natural counterpart to the page on how his mind worked.




My Brief History

My Brief History, published in 2013, is Stephen Hawking’s own account of his life. At barely 120 pages it is short by any measure, and deliberately so: spare, unsentimental and direct, it is the most reliable single source for how Hawking understood his own story.


The life, in his own words

The memoir traces the arc of his life in plain terms: the wartime birth in Oxford, the eccentric family and the St Albans childhood, the idle brilliance of his Oxford years, the move to Cambridge, and the 1963 diagnosis that should have ended everything. From there he writes about his first marriage to Jane, the raising of their three children, the steady advance of his illness, the loss of his voice, the discoveries that made his name, and the extraordinary fame that A Brief History of Time brought.

What is striking is the tone. Hawking does not dramatise his own courage or invite pity. He writes about his illness matter-of-factly, treats his successes with a certain modesty, and is honest about the strains in his personal life. The result is a portrait that feels true rather than burnished.



Who it’s for

Anyone who wants the facts of Hawking’s life from the man himself, rather than filtered through a film or a biography, should read this. It is brief enough to finish in an afternoon, and it makes an excellent companion to the more reflective essays in Black Holes and Baby Universes.




George’s Secret Key to the Universe

George’s Secret Key to the Universe, published in 2007, is the first in a series of children’s books Stephen Hawking wrote with his daughter Lucy Hawking, herself a journalist and author. They are the warmest things he put his name to, and a lovely way to introduce young readers to the universe he spent his life explaining.


The story, and the science

The series follows a boy named George, his scientist neighbour Eric, Eric’s daughter Annie, and a supercomputer called Cosmos that can open windows and doorways onto anywhere in the universe. Through a set of adventures, escaping black holes, touring the solar system, witnessing the birth of the cosmos, George encounters real astrophysics.

What sets the books apart is that the science is genuine and carefully checked. Interspersed with the story are clear factual sections and striking photographs of space, so that young readers absorb accurate ideas about planets, stars and black holes alongside the adventure. The result manages the difficult trick of being a proper story and a proper introduction to science at the same time.



A family project, and a series

The first book was followed by several sequels, including George’s Cosmic Treasure Hunt and George and the Big Bang, continuing the blend of narrative and real cosmology. The collaboration with Lucy was a genuine partnership and a happy late chapter in their relationship, drawing on Hawking’s lifelong conviction that the universe should be made comprehensible to everyone, including the very young.



Who it’s for

These are for children, roughly of primary and early secondary age, and for the adults who read with them. If you want to share Hawking’s universe with a curious young reader, this is the place to begin.






In His Own Words

Stephen Hawking had a gift for the short, devastating sentence, a wit perhaps sharpened by a communication system that made every word expensive to produce. His most quoted lines are not equations but observations about how to live, what to value, and where humanity is heading.

These pages gather his best-known remarks by theme, each set in the context that gave it meaning rather than listed in isolation: his reflections on life and the value of time; his thoughts on science and the universe and the conviction that the cosmos is comprehensible; his wit and humour, which he wielded as a deliberate refusal to be pitied; his warnings on the future of humanity, from artificial intelligence to the case for space; and his hard-won words on disability and resilience.

One caution worth stating up front: Hawking is among the most misquoted people on the internet, and many lines attached to his name were never his. These pages quote sparingly and stick to words that are reliably his. For the fullest record in his own voice, his books remain the best source.

For properly attributed quotations, including a note on misattributed lines, see the sourced quotations archive.


Stephen Hawking Quotes on Life

Some of Hawking’s most quoted lines have nothing to do with physics. They are about how to live, and they carry unusual weight precisely because of who said them: a man who had spent his whole adult life with a terminal diagnosis, and who chose curiosity and purpose over despair. Here are a few of the most enduring, and why they landed.


“Remember to look up at the stars and not down at your feet.”

This is probably his most repeated piece of advice, drawn from his public remarks about how to face life. The full thought urges people to stay curious, to wonder about what makes the universe exist, and to find meaning in trying to understand it. Coming from someone confined to a wheelchair, the literal image, look up, not down, becomes a statement about where to put your attention: on possibility rather than limitation.



“However difficult life may seem, there is always something you can do and succeed at.”

If one sentence sums up Hawking’s attitude, it is this. It is not blind optimism; it is a practical instruction. Whatever has been taken away, something remains that can be done well, and the task is to find it and do it. For Hawking, that thing was theoretical physics, which his disease left untouched. The line has since become a touchstone far beyond science, quoted to anyone facing hardship.



On our place in the universe

Hawking often reflected on how small humanity is, and how remarkable that smallness makes our understanding. He liked to point out that we are a fairly ordinary species on an ordinary planet orbiting an unremarkable star, and that what makes us special is not our size or importance but our ability to comprehend the cosmos we are a tiny part of. It is a humbling and uplifting idea at once: insignificant in scale, extraordinary in understanding.



Why these endure

What gives Hawking’s reflections on life their force is the gap between the words and the body that produced them. Advice to value your time, to keep looking outward, to do what you still can, would be easy to dismiss as platitude from almost anyone else. From a man who had been told at twenty-one that he had two years to live, and who used the following five decades to study the origin of the universe, they read as hard-won truth. His own life story, told across these pages, is the best commentary on them. For more in his own words, his final book, Brief Answers to the Big Questions, gathers many of them.

For where he found meaning without religion, see Hawking on the meaning of life.




Stephen Hawking Quotes on Science & the Universe

Hawking’s remarks about science are really remarks about ambition: how big a question you are allowed to ask, and how confident you should be that it can be answered. They reveal the temperament behind the physics as clearly as any of his papers.


“My goal is simple. It is a complete understanding of the universe, why it is as it is and why it exists at all.”

This is the closest thing Hawking had to a mission statement, and he repeated versions of it throughout his life. What is striking is the scale of the ambition stated so plainly. He was not after a single result or a tidy career; he wanted to understand everything, including the deepest question of all, why there is something rather than nothing. That refusal to settle for smaller questions is explored on the page about how his mind worked.



On the comprehensibility of the universe

A recurring theme in Hawking’s writing and speaking was wonder that the universe can be understood at all. There is no obvious reason the cosmos should be governed by laws simple enough for human minds to grasp, and yet it appears to be. For Hawking, the fact that we can find those laws, and that they can be written down, was among the most remarkable things about existence. It is the conviction that powered the whole enterprise: the universe is knowable, so go and know it.



On curiosity

Hawking returned again and again to curiosity as the engine of science and the thing he most wanted to pass on, especially to young people. Be curious, he urged, wonder about what you see, and try to make sense of it. He treated curiosity not as a pleasant trait but as the fundamental scientific virtue, the starting point of every discovery he or anyone else had ever made.



A note on misattributed quotes

Hawking is one of the most quoted scientists in the world, which means a great many lines are attached to his name that he never said. Some popular “Hawking quotes” about knowledge and intelligence are, on closer inspection, of uncertain origin or belong to other people entirely. This site tries to quote only words that are reliably his. When in doubt, the safest place to hear Hawking on science is in his own books, beginning with A Brief History of Time.




Stephen Hawking’s Wit & Humour

One of the most surprising things about Stephen Hawking, to people who only knew the image of the frail genius, was how funny he was. His humour was dry, quick and often aimed at himself, and it was not incidental to his character. It was a deliberate refusal to let anyone treat him as an object of pity.


“Life would be tragic if it weren’t funny.”

This line captures his whole stance. Faced with a situation most people would find unbearable, Hawking chose comedy as a kind of defiance. The joke is not a denial of the tragedy; it sits right alongside it. That ability to hold both at once, to acknowledge how hard things were and to laugh anyway, runs through everything he said about his own life.



“People who boast about their IQ are losers.”

Asked in an interview what his own IQ was, Hawking gave this deflating reply. It is funny, but it is also a real position: a quiet rebuke to intellectual vanity from someone who had every claim to brilliance and no interest in measuring it. It is characteristic of a man who wore his fame lightly and punctured pomposity, including in physics, wherever he met it.



Comic timing through a synthesiser

What makes Hawking’s humour remarkable is the medium. He delivered his jokes through a speech synthesiser, at a rate of a few words a minute, with no facial expression or vocal inflection to help land them. He had only the words and the timing, and he used both with precision. The flat, robotic delivery often made the jokes funnier, the deadpan was built in. His many television cameos, from Star Trek to The Big Bang Theory, were essentially extended comic performances, and he clearly relished them.



Humour as a strategy

It is worth taking Hawking’s humour seriously, because he did. He understood that laughter kept him human in the public eye rather than a symbol or a saint, and that it disarmed the awkwardness people felt around disability. By being funny, he controlled how he was seen. The warmest record of this side of him is in his collection of essays, Black Holes and Baby Universes, where the wit and the science sit side by side.




Stephen Hawking on the Future of Humanity

As he grew older, Hawking turned more and more of his public voice towards the future of the human species. He had spent a career looking at the universe on the largest scales of space and time, and he applied the same long view to humanity’s prospects, often with a warning attached.


On artificial intelligence

Hawking became one of the most prominent voices cautioning about advanced artificial intelligence. In a widely reported 2014 interview he warned that the development of full artificial intelligence could spell the end of the human race, arguing that a sufficiently advanced AI might redesign itself and outpace slow biological evolution. He was careful to acknowledge AI’s enormous potential benefits too; his concern was that we should think hard about the risks before, not after, building something that could surpass us. Coming from a man who depended on AI-assisted technology to speak, the warning carried particular authority.



On leaving Earth

A second recurring theme was his belief that humanity’s long-term survival depends on becoming a multi-planet species. Hawking repeatedly argued that confining ourselves to a single, increasingly crowded and fragile planet was a risk we should not accept, and that spreading out into space was a form of insurance against catastrophe, whether from our own actions or from events beyond our control. He framed space exploration not as a luxury but as a necessity for the species.



On the dangers we pose to ourselves

Hawking did not reserve his concern for distant threats. He spoke plainly about the more immediate dangers of greed, short-sightedness, environmental damage and conflict, warning that our greatest risks were largely of our own making. His pessimism about human behaviour was matched, though, by a real hope that we could choose better if we understood the stakes.



A considered last word

These themes are gathered most fully in his final book, Brief Answers to the Big Questions, published after his death, which devotes whole chapters to AI, space and the survival of humanity. It is the best place to encounter his thinking on the future in his own measured words rather than in the headlines his warnings often generated.

His thinking on these themes is set out more fully in his views on artificial intelligence, the survival of humanity and alien life.




Stephen Hawking on Disability & Resilience

Hawking did not often speak about his disability, and he disliked being defined by it. But when he did address it directly, the result was some of the most quoted advice of his life, valued well beyond the community of people living with illness or disability.


“Concentrate on things your disability doesn’t prevent you doing well.”

His best-known advice to other disabled people was characteristically practical. Focus, he urged, on what your disability does not stop you doing well, and do not waste energy regretting what it interferes with. And then the crucial second half: do not be disabled in spirit as well as physically. It is advice rooted entirely in his own experience. His disease left his mind untouched, so he poured everything into the work it allowed, and refused to let physical limitation become mental limitation.



“However difficult life may seem, there is always something you can do and succeed at.”

This line, which also belongs among his reflections on life, is at its most powerful read as advice about resilience. It is not a promise that everything will be fine. It is a claim that there is always something, some task, some contribution, that remains within reach, and that finding and doing it is the work. From a man whose physical capabilities shrank year after year while his achievements grew, it is hard to dismiss.



Refusing self-pity

Across his interviews and his memoir, the consistent note is a refusal of self-pity. Hawking acknowledged the difficulty of his situation plainly, he did not pretend it was easy, but he declined to dwell on it or to ask for sympathy. He often said that his expectation of an early death had made him appreciate life more, not less, and that having something to live for, his work and his family, had pulled him through the darkest period after his diagnosis.



A life as the argument

The reason these words resonate is that the life backed them up. It is one thing to advise resilience; it is another to live with a terminal degenerative disease for fifty-five years and produce, in that time, some of the most important physics of the age. Hawking’s example did enormous good simply by existing, showing millions of people that a diagnosis is not a verdict on what a life can contain. His own account of that life is in his memoir, My Brief History, and the disease itself is explained on the page about motor neurone disease.

If you or someone you know is affected by motor neurone disease, the MND Association offers information and support, and you can find ways to help on the support page.






Motor Neurone Disease

Diagnosed with a form of motor neurone disease in 1963 and told he had perhaps two years, Stephen Hawking went on to live with the condition for fifty-five, an almost unheard-of survival that doctors still cannot fully explain. The disease shaped every part of his life, and yet he never allowed it to define him.

He also never hid from it. Hawking became a patron of the Motor Neurone Disease Association in 2008 and one of the most visible advocates the MND community has ever had, using his fame to raise awareness and funds throughout his life.

These pages explain the disease in plain terms, what is motor neurone disease?, covering what it does to the body, who it affects, and why Hawking’s survival was so exceptional. They also explain how you can help: a share of any revenue this free site earns goes to the MND Association, and you can give directly or learn more on the support MND research page.

His own experience of living with the disease, and the resilience it called for, is reflected in his words on disability and resilience and throughout his life story.


What Is Motor Neurone Disease?

Motor neurone disease (MND) is a group of conditions in which the nerve cells that control movement gradually stop working. In much of the world, including the United States, the most common form is known as ALS (amyotrophic lateral sclerosis), or Lou Gehrig’s disease. The names point at the same underlying problem: the slow failure of the body’s motor neurones.


What the disease does

Your muscles do not decide to move on their own. They wait for instructions, carried from the brain down the spinal cord by specialised nerve cells called motor neurones. In MND, these neurones degenerate and die. The messages stop getting through, and muscles that no longer receive signals begin to weaken, stiffen and waste away.

Crucially, MND usually attacks only the motor system. In most people the senses, the bladder and bowel, and the intellect are largely unaffected. This is the particular cruelty of the disease and, in Hawking’s case, the source of one of the most striking facts about him: his body failed progressively while his mind remained entirely intact. He continued to do original theoretical physics long after he had lost almost all voluntary movement.



Symptoms and progression

MND often begins subtly, and its first signs depend on which muscles are affected earliest. Common early symptoms include weakness in the hands or legs, a weakening grip, slurred speech, difficulty swallowing, muscle cramps and twitches, and unexplained stumbling or fatigue. Over time the weakness spreads. As the muscles involved in speaking, swallowing and breathing become affected, communication and breathing grow difficult, which is ultimately what makes the disease life-threatening.

The disease does not follow a single path. It varies enormously between individuals in where it starts, how fast it moves, and which functions it takes first.



Who it affects, and the prognosis

MND is considered a relatively rare disease. In the United Kingdom, around 5,000 adults are living with it at any one time. It can affect adults of any age but is most often diagnosed in people over fifty. There is, as yet, no cure. Treatments can ease symptoms and modestly slow progression, and good care and communication technology can preserve quality of life and independence, but they cannot stop the disease.

The prognosis is hard: most people live between two and five years from the onset of symptoms. That figure is exactly what makes Hawking’s story so extraordinary.



Why Hawking’s survival was so exceptional

Hawking was diagnosed in 1963, at the age of twenty-one, and told he might have two years. He lived for fifty-five more. Survival of that length is almost without parallel and is not fully understood. The likeliest explanation is that he had a rare, very slowly progressing form of the disease, possibly linked to its unusually early onset; juvenile-onset cases sometimes follow a far slower course. World-class medical care, the resources to fund it, and his own refusal to be defeated all played their part, but the fundamental reason remains a genuine medical curiosity.

His case did an enormous amount of good simply by being visible. For millions of people, Stephen Hawking was the face of motor neurone disease, and proof that a diagnosis is not the same as an ending. He became a patron of the MND Association in 2008 and used his fame to raise awareness and funds throughout his life.

If you would like to help fund research and care, see how to support MND research.

Explore further: symptoms and diagnosis, the types of MND, living with the disease, supporting someone with MND, and other notable people affected.




MND Symptoms & Diagnosis

Motor neurone disease affects each person differently, and its early signs can be subtle and easy to mistake for something else. This page gives a clear overview of how it typically presents and how it is diagnosed. It is general information, not medical advice; anyone concerned about symptoms should speak to a doctor.


Early symptoms

MND is caused by the gradual loss of the nerve cells, the motor neurones, that control voluntary muscle movement. Because those nerves serve different parts of the body, the first symptoms vary. Common early signs include weakness in the hands or legs, a weakening grip, tripping or stumbling, muscle cramps and twitches, slurred or quieter speech, and difficulty swallowing. Often the changes start in one area, a hand, a foot, the voice, before spreading.

In Hawking’s case, the first hints appeared during his early twenties: increasing clumsiness and a few unexplained falls, including a fall while skating. It was these seemingly minor problems that led, eventually, to his diagnosis at 21.



Why diagnosis is difficult

There is no single test that confirms MND. Because its early symptoms overlap with many other, often more treatable, conditions, doctors usually reach a diagnosis partly by ruling those other possibilities out, which takes time and can be a frustrating, anxious period for patients and families.

A neurologist will typically carry out a detailed clinical examination and may use tests such as electromyography (EMG) and nerve conduction studies, which measure the electrical activity of muscles and nerves, along with MRI scans and blood tests to exclude other causes. The picture is built up over weeks or months rather than from one moment.



After diagnosis

A diagnosis of MND is life-changing news, and the period around it is one of the hardest. Specialist MND care teams exist precisely to help people through it, and the support of organisations like the MND Association can make a real difference from the very start. For what comes next, see the pages on living with MND and research and treatment.

If you or someone close to you is affected by MND, the MND Association offers information and support. You can find ways to help on the support page.




MND Research & Treatment

There is, as yet, no cure for motor neurone disease, but that is not the whole story. Treatments can slow its progress for some people and ease its symptoms, specialist care can meaningfully improve both quality and length of life, and research is moving faster now than ever before. This page is general information, not medical advice; treatment decisions should always be made with a specialist medical team.


Treatments that exist today

A small number of drugs are licensed for MND. Riluzole was the first, and is widely used; it offers a modest extension of survival for many patients. Edaravone has been approved in some countries and may slow the decline of function in certain people. More recently, tofersen has been approved for a specific, inherited form of the disease caused by a fault in the SOD1 gene, an early example of a treatment targeted at a known genetic cause.

Just as important as any single drug is multidisciplinary care: a coordinated team of neurologists, nurses, physiotherapists, speech and language therapists, dietitians and respiratory specialists. Strong evidence shows that this kind of specialist, joined-up care is one of the most effective things available, helping people live longer and more comfortably by managing breathing, nutrition, mobility and communication as needs change.



Where research is heading

MND research has accelerated dramatically. Scientists have identified several genes involved in the disease, such as SOD1 and C9orf72, which has opened the door to gene-targeted therapies like tofersen and others now in trials. Other active areas include the search for reliable biomarkers to speed up diagnosis and track the disease, stem cell research, and a growing number of clinical trials testing new drugs. The genetic understanding that made the first targeted treatment possible simply did not exist a generation ago.



Hawking’s part, and how to help

Hawking’s own survival for fifty-five years was exceptional and is still not fully understood, but his fame did lasting good: as a patron of the MND Association he drew attention and funds to exactly this kind of research. Charities like the MND Association fund much of the work described here, which is why a share of any revenue this site earns goes to support it.

If you or someone close to you is affected by MND, the MND Association offers information and support. You can find ways to help on the support page.




Living With Motor Neurone Disease

A diagnosis of motor neurone disease changes life profoundly, but it does not end it, and how people experience the disease varies enormously. This page looks at what living with MND can involve, and at the support and technology that help people keep as much independence, connection and identity as possible. It is general information offered with care, not medical advice.


Daily life and care

As MND progresses, everyday activities, moving, speaking, eating, breathing, gradually become harder, and most people come to rely on a combination of equipment, adaptations and personal care. The cornerstone is specialist multidisciplinary care: a team that anticipates changing needs and helps manage them, from mobility aids and home adaptations to support with nutrition and breathing. Good care can make a real difference both to comfort and to how long someone lives.



Communication and technology

For many people, one of the hardest losses is the ability to speak, and this is where assistive technology has transformed what is possible. Communication aids range from simple letter boards to sophisticated computer systems controlled by the smallest available movement, or even by eye tracking.

Hawking is the most famous example of all. After losing his voice in 1985, he communicated for the rest of his life through a speech synthesiser, selecting words with a single cheek muscle, and went on to write books and give lectures around the world. His case is exceptional, but it shows vividly how technology can preserve not just communication but a person’s work, humour and personality.



The human side, and support

Living with MND is not only a physical matter. It affects emotions, relationships and identity, and it places real demands on the family members and friends who so often become carers. Looking after their wellbeing matters as much as the practical care. Hawking spoke and wrote about refusing to be defined by his condition and about the importance of having things to live and work for, reflections gathered on the page about disability and resilience.

No two journeys with MND are the same, and Hawking’s extraordinary longevity was not typical. But support exists at every stage, for people with the disease and for those who care for them.

If you or someone close to you is affected by MND, the MND Association offers information and support, including a helpline and local services. You can find ways to help on the support page.




Assistive Technology & MND

When motor neurone disease gradually takes away movement and speech, assistive technology can preserve something precious: the ability to communicate, work and stay connected to the world. This page gives a general overview of the tools available and of Hawking’s own famous setup. It is background information, not a clinical recommendation; the right equipment is best chosen with a specialist team.


Communication aids

The broad field of communication aids is known as augmentative and alternative communication, or AAC. It ranges from simple letter and word boards a person can point to or look at, through to sophisticated computer systems that speak aloud. Crucially, these systems can be operated even by people with very limited movement, using whatever reliable motion remains: a finger, a head movement, a single muscle, or, increasingly, eye-tracking that lets a person select letters just by looking at them.

Modern systems use word prediction to speed things up, suggesting likely words after a few letters, much like a smartphone keyboard, which can dramatically increase how quickly someone can “speak.”



Hawking’s system

Hawking is the most famous user of this kind of technology in history. After losing his voice in 1985, he selected text using a small movement of his cheek to operate a switch, with software that scanned through options and predicted words. In his later years this was developed, with help from engineers at Intel, into a custom system designed to make the most of the very limited movement he retained. Through it he continued to write books, publish research and lecture around the world.



Beyond communication

Assistive technology also supports independence in daily life, through powered wheelchairs, environmental controls that operate lights, doors and devices, and emerging brain-computer interfaces being researched for the future. Together, these tools cannot stop the disease, but they can protect a person’s voice, work and autonomy, as Hawking’s own life showed so powerfully. For more on daily life, see living with MND.

If you or someone close to you is affected by MND, the MND Association offers information and support. You can find ways to help on the support page.




Types of Motor Neurone Disease

“Motor neurone disease” is an umbrella term covering several related conditions that all involve the loss of the motor neurones controlling movement. They differ in which nerves are affected first and in how quickly they progress. This is general information rather than medical guidance; a specialist is needed for any individual diagnosis.


The main types

The most common form is amyotrophic lateral sclerosis (ALS), which affects both the upper motor neurones in the brain and the lower motor neurones in the spinal cord. Progressive bulbar palsy chiefly affects the nerves controlling speech and swallowing, so its first signs often involve the voice. Progressive muscular atrophy mainly affects the lower motor neurones and tends to progress more slowly. Primary lateral sclerosis affects the upper motor neurones and is usually the slowest-progressing form of all. In practice the types can overlap, and one can evolve into another.



A note on the name

The terminology causes a lot of confusion. In the United Kingdom and much of the world, “motor neurone disease” is the umbrella term and ALS is one type within it. In the United States, “ALS” is often used as the umbrella term for the whole group, and it is also widely known there as “Lou Gehrig’s disease,” after the baseball player who died of it. They are describing the same family of conditions.



Why progression varies

How quickly MND advances differs enormously between individuals and between types, which is one reason a diagnosis cannot give a precise timeline. Most forms progress over a few years, but some, especially primary lateral sclerosis and certain rare early-onset cases, advance far more slowly. Hawking’s own disease, which he lived with for fifty-five years, was an extremely rare, slowly progressing, early-onset form, and his survival remains exceptional and not fully explained. His longevity is the great outlier, not the norm, but it stands as a reminder of how varied the disease can be.

If you or someone close to you is affected by MND, the MND Association offers information and support. You can find ways to help on the support page.




Notable People With Motor Neurone Disease

Stephen Hawking is by far the most famous person to have lived with motor neurone disease, and his visibility did a great deal to raise awareness of it. But others, in sport, film and public life, have also faced the disease, and several used their profile to drive awareness and funding. Their stories are a reminder of how widely MND reaches, and of the value of the research it has inspired.


In sport

The American baseball legend Lou Gehrig is so closely associated with the disease that in the United States it is commonly called “Lou Gehrig’s disease”; his emotional 1939 farewell speech remains famous. In British football, the celebrated manager Don Revie was diagnosed with MND in the 1980s. Scottish rugby international Doddie Weir became a tireless campaigner after his diagnosis, founding a charity to fund research before his death in 2022. The rugby league player Rob Burrow, with the support of his friend and former teammate Kevin Sinfield, raised extraordinary sums and public awareness in the years before his death in 2024, helping to fund a dedicated MND care centre.



In film and public life

The actor David Niven, one of the great stars of his era, died of motor neurone disease in 1983. Hawking himself, of course, belongs at the head of any such list, not as a victim of the disease but as someone who lived and worked with it for an extraordinary fifty-five years while becoming the most famous scientist in the world.



Why their stories matter

These individuals did more than endure a cruel illness. By speaking openly, several transformed public understanding and raised funds that directly support the research and care described elsewhere on this site. Awareness campaigns connected to MND and ALS have funded real scientific progress. It is a fitting echo of Hawking’s own role as a patron of the MND Association: turning personal hardship into help for others.

If you or someone close to you is affected by MND, the MND Association offers information and support. You can find ways to help on the support page.




Supporting Someone With MND: A Guide for Carers

Caring for someone with motor neurone disease, whether as a partner, family member or friend, is one of the most demanding and deeply personal roles a person can take on. This page offers gentle, general guidance and points toward proper support; it is not a substitute for advice from a specialist care team.


Lean on the care team

The single most important thing to know is that you do not have to manage alone. MND care is delivered by a coordinated team, including neurologists, specialist nurses, physiotherapists, occupational and speech therapists, dietitians and others. They can anticipate changing needs, recommend equipment and adaptations, and guide decisions about communication, nutrition and breathing support. Building a good relationship with this team early makes everything that follows easier.



Practical support

As the disease progresses, practical needs evolve, and planning ahead helps. This can include arranging home adaptations and mobility equipment, setting up communication technology before it is urgently needed, and getting advice on financial support and benefits, which charities and care teams can help navigate. Discussing wishes and decisions early, while communication is easier, is often valued by families later.



Looking after yourself

Carers consistently underestimate the toll the role takes on them. Looking after your own physical and emotional wellbeing is not a luxury; it is essential, both for you and for the person you are supporting. Accept offers of help, use respite care when it is available, and stay connected to your own sources of support. Carer burnout helps no one, and there is no weakness in needing support yourself.



Where to turn

Organisations like the MND Association exist precisely to help people in your position, with helplines, local services, equipment loans and networks of others who understand. Reaching out to them is one of the most useful first steps a carer can take. Hawking’s own decades with the disease were sustained by a network of family, carers and friends, a reminder of how central that support is to living well with MND.

If you or someone close to you is affected by MND, the MND Association offers information and support, including a helpline. You can find ways to help on the support page.






In Culture

No scientist since Einstein has been as recognisable to the general public as Stephen Hawking. His synthesised voice, his cameos on hit television shows, and the Oscar-winning film of his life made him a genuine cultural figure, a rare bridge between the laboratory and the living room. He understood the value of that reach, and used it to bring science to audiences who would never open a textbook.

These pages look at how the wider world met him: the acclaimed biopic The Theory of Everything and Eddie Redmayne’s award-winning performance; his many television and film appearances, from Star Trek to The Simpsons to The Big Bang Theory; the story of the voice, the 1980s speech synthesiser he refused to give up because it had become part of who he was; and the documentaries and series in which he explained the cosmos himself.

For the real life behind the cultural image, see his biography; for the science the cameos rarely had time for, the discoveries.


The Theory of Everything (2014)

The Theory of Everything, released in 2014 and directed by James Marsh, is the film that introduced Stephen Hawking’s life story to a vast new audience. Despite its title, it is far less about physics than about a marriage: it tells the story of Stephen and his first wife, Jane, from their meeting in Cambridge through his diagnosis and rise to fame.


A story told from Jane’s side

The film is based on Jane Hawking’s memoir of her life with Stephen. That source matters, because it shapes what the film is about. Rather than centring the science, the film focuses on the human cost and texture of their relationship: the love that began as Stephen received a terminal diagnosis, the strain of raising a family while caring for an increasingly disabled husband, and the slow unravelling of the marriage under pressures few couples ever face. It is a love story and a portrait of endurance more than a film about black holes.



Eddie Redmayne’s performance

The film is anchored by Eddie Redmayne’s portrayal of Hawking, which won him the Academy Award for Best Actor, along with a BAFTA, a Golden Globe and a Screen Actors Guild award. Felicity Jones, who played Jane, was also nominated for an Oscar.

Redmayne’s performance was widely praised for its physical precision. He spent months studying footage of Hawking, met him in person, and worked with a movement coach to chart the progression of the disease so that he could portray its stages accurately, often shooting scenes out of chronological order. The result was a transformation that conveyed Hawking’s deterioration and his irrepressible humour at once.



What Hawking thought

Hawking saw the film and, by various accounts, was moved by it. He is reported to have said that at moments he felt he was watching himself, and he gave the production a striking gift: he allowed the filmmakers to use his actual synthesised voice in the film, rather than a recreation. He also lent some warmth to the project publicly, attending the premiere with his family.



Fact and dramatisation

Like all biographical films, The Theory of Everything compresses, reorders and dramatises. It simplifies the science almost to the margins, telescopes the timeline of his illness and career, and necessarily presents a particular, Jane-centred interpretation of a complicated private life. None of that is a flaw so much as the nature of the form. As an emotional account of two people meeting an impossible situation with courage, it succeeds; as a guide to the physics, it was never trying to be one. For the science, the pages on what Hawking discovered tell the other half of the story the film leaves out.

The film was based on the memoir by Jane Hawking; see books and films about Stephen Hawking.




TV & Film Appearances

No scientist since Einstein has been as recognisable to the general public as Stephen Hawking, and a large part of that came from his willingness to step into popular culture. He understood that a cameo on a hit show reached audiences no lecture or book ever could, and he clearly enjoyed himself doing it.


Star Trek

In 1993 Hawking appeared in an episode of Star Trek: The Next Generation, playing a holographic version of himself in a poker game with holograms of Isaac Newton and Albert Einstein. He remains the only person to have played himself on Star Trek. He visited the set and, shown the engine room of the Enterprise, reportedly remarked that he was working on the real thing. It was a perfect fit: a real cosmologist among fictional and historical giants, holding his own.



The Simpsons and Futurama

Hawking became a recurring guest on The Simpsons, first appearing in 1999 and voicing himself in several episodes over the years, often gently mocking his own celebrity and equipped with cartoonish gadgets attached to his wheelchair. He also lent his voice to Futurama, again as himself, as part of the show’s running jokes about famous heads and self-appointed guardians of the space-time continuum. In both cases he was in on the joke, which is exactly why the appearances worked.



The Big Bang Theory

Beginning in 2012, Hawking made a series of appearances on the sitcom The Big Bang Theory, playing himself opposite the physicist character Sheldon Cooper. The encounters mined comedy from a starstruck fan meeting his hero, and from Hawking’s deadpan delivery puncturing Sheldon’s ego. The role introduced him to yet another generation of viewers.



A voice in music

His distinctive synthesised voice also reached audiences through music. Pink Floyd featured it on their work in the 1990s and again in 2014, using the texture and gravity of the voice itself as part of the recording. It was a measure of how iconic the sound had become: instantly identifiable, even without a face attached.



Why he did it

Hawking’s pop-culture career was not vanity. He saw it as an extension of his life’s mission to make science part of ordinary conversation. Every cameo carried a quiet message, that the most serious scientist of his age was approachable, funny and human, and that the universe he studied belonged to everyone. The story of the synthesised voice that made all these appearances possible is told on its own page.




The Voice

The synthesised voice was as much a part of Stephen Hawking as his wheelchair: flat, robotic, unmistakably American-accented, and instantly recognisable around the world. The story of how it came to be, and why he never replaced it, is one of the more human chapters in his life.


Losing his speech

For years after his diagnosis, Hawking’s natural speech grew steadily harder to understand, until only those closest to him could follow it. The decisive blow came in 1985, when he caught pneumonia on a trip to Geneva and underwent a tracheotomy to save his life. The operation ended his ability to speak entirely. For a time he could communicate only by having someone slowly point at letters on a card while he raised his eyebrows to select them, an agonisingly slow process for a mind that worked so fast.



The system

The solution came from assistive-technology pioneers in California. Hawking was given a computer program that let him pick words and phrases from a menu on a screen, which were then spoken aloud by a speech synthesiser. At first he made his selections with a handheld clicker. As his hand function declined, the input method changed: a small sensor mounted on his glasses detected tiny movements of a single cheek muscle, letting him choose letters and words one twitch at a time. Word-prediction software, refined over the years, helped him build sentences faster than the painstaking input alone would allow.

It was never quick. He composed at a rate of only a handful of words per minute, which meant every public sentence he delivered was the product of real effort and forethought. That slowness, it has been suggested, was part of what gave his pronouncements their characteristic economy and weight.



Why he never changed it

The voice itself came from early synthesiser hardware and had a distinctly American accent, an odd quality for a man from Oxford and Cambridge. Over the decades, far more natural and more British-sounding synthetic voices became available, and he was offered upgrades many times. He declined them all.

The reason was simple and rather touching: the voice had become his voice. The world knew him by it, and so did he. He felt it was now part of his identity, and he did not want to give it up, even though it had been built from technology that grew more antique with each passing year. Engineers maintained and even rebuilt the ageing system over time specifically to preserve that exact sound.



A sound that outlived him

By the end, the toolkit that ran his communication was modernised behind the scenes and even shared openly so that others with similar conditions could benefit. But the voice the public heard never changed. It featured in his lectures, his television appearances and his cameos, and at his memorial his synthesised words were broadcast towards a distant black hole. A voice assembled from 1980s circuitry had become one of the most famous sounds on Earth, and a symbol of the refusal to be silenced.




Documentaries & Series

Beyond his books and his cameos, Stephen Hawking reached enormous audiences through television. Documentaries gave him room to do what he did best, guide ordinary viewers through the deepest questions in science, and he presented and inspired a long run of them across three decades.


Films about his ideas

In 1991 the acclaimed documentary-maker Errol Morris released a film of A Brief History of Time, blending Hawking’s cosmology with the story of his life. It set a template that later programmes would follow: using the drama of the man to draw audiences into the science.

Hawking’s own presenting work began in earnest with Stephen Hawking’s Universe, a series from the late 1990s that toured the history and structure of the cosmos. He returned to the form repeatedly over the years, lending his voice and authority to ambitious, visually rich productions.



Into the Universe and Grand Design

In 2010 the Discovery Channel released Into the Universe with Stephen Hawking, a high-production series in which he narrated explorations of aliens, time travel and the fate of the cosmos, presenting bold ideas in accessible terms. It was followed by further series, including programmes built around the arguments of his book The Grand Design, bringing his more philosophical late thinking to television viewers.



Genius

One of his most engaging television projects was Genius, a series in which Hawking set ordinary members of the public a series of profound questions, can you time travel, where did the universe come from, are we alone, and then guided them, through experiments and reasoning, to work towards the answers themselves. It captured his core conviction beautifully: that the great questions of science are not the property of experts but are open to anyone willing to think.



A dramatised life, too

His life as well as his ideas drew filmmakers. In 2004, well before The Theory of Everything, the BBC produced Hawking, a television film about his early years at Cambridge and the period of his diagnosis, with the young Stephen played by an actor then near the start of his own career. It focused on the science and the dawning of his illness rather than his marriage, offering a different emphasis from the later cinema biopic.



The common thread

Across all of these, the through-line is the same as in his books: a determination to make the universe comprehensible to everyone. Television let Hawking do that on the largest possible scale, turning abstract cosmology into something a family could watch together. For the written counterpart to these programmes, his books cover much of the same ground in his own words.




Books & Films About Stephen Hawking

Stephen Hawking wrote many books of his own, but he has also been the subject of a rich literature and several films. If you want to understand the man and his life rather than read his physics, these are the best places to look.


The memoir behind the film

The most famous book about Hawking is Travelling to Infinity: My Life with Stephen, the memoir by his first wife, Jane Hawking. It is a frank, moving account of their marriage, of caring for him through the early decades of his illness, and of the strains success and disability placed on the family. It became the basis for the acclaimed 2014 film The Theory of Everything. You can find Travelling to Infinity on Amazon.



The major biographies

For a thorough, well-regarded account of his life and science, Kitty Ferguson’s Stephen Hawking: An Unfettered Mind is widely recommended and was written with Hawking’s cooperation. Find it on Amazon here. An earlier and also respected biography is Stephen Hawking: A Life in Science by John Gribbin and Michael White, available on Amazon.

For a more critical, analytical take on how Hawking became a global icon, Charles Seife’s Hawking Hawking: The Selling of a Scientific Celebrity offers a thought-provoking counterweight to the more admiring accounts; it is on Amazon here.



The films and documentaries

On screen, the landmark is The Theory of Everything (2014), with Eddie Redmayne’s Academy Award-winning performance, covered in full on its own page. Before that, the 2004 BBC television film Hawking starred a young Benedict Cumberbatch as the student Hawking. There are also several documentaries, including Errol Morris’s 1991 film of A Brief History of Time and the 2013 documentary Hawking, narrated by the man himself. These are explored on the documentaries page.



Where to go next

For Hawking in his own words rather than others’, see his books and his views on the big questions. For the screen portrayals, start with The Theory of Everything.

Links to books are affiliate links, and a share of any revenue supports motor neurone disease research.




The Science of Interstellar & Hawking’s World on Screen

Stephen Hawking did not work on the 2014 film Interstellar, but in a real sense it is his world on screen. The black holes, wormholes and warped time at the heart of Christopher Nolan’s film are exactly the physics that defined Hawking’s career, and the man who made the science accurate was Hawking’s close friend and frequent collaborator, Kip Thorne.


Real physics, by a real physicist

Thorne, who would later share a Nobel Prize for detecting gravitational waves, served as the film’s executive producer and scientific architect. He insisted that the depiction of the black hole obey the actual equations of general relativity. The result was striking: the film’s black hole, “Gargantua,” with its glowing disc of matter bent into a halo by the warping of spacetime, is one of the most scientifically accurate visualisations of a black hole ever put on screen. The effort even produced genuine scientific papers, an unusual case of a Hollywood blockbuster feeding back into research.



The Hawking connection

The themes the film dramatises are the substance of Hawking’s life’s work. Its depiction of extreme time dilation, where an hour on a planet near the black hole equals years for those further away, is a vivid illustration of relativity. Its wormhole, used to travel vast distances, is the kind of spacetime shortcut Hawking himself explored in his work on baby universes. And the black hole at its centre is precisely the object whose secrets Hawking spent his career unlocking. Through Thorne, the film is a direct cultural descendant of the physics Hawking and his collaborators pioneered.



A wider influence

More broadly, Hawking did as much as anyone to make black holes a part of popular imagination, through his books and his many screen appearances. Films like Interstellar are part of that legacy: a sign that the once-esoteric physics of black holes and warped time has become rich material for mainstream storytelling. For the real science behind the spectacle, explore black holes and the rest of the science section.

Try the time dilation calculator to feel the effect the film dramatises.






Research & Sources

This section is for readers who want to go beyond the explainers to the primary record: Hawking’s actual scientific work, the academic family he belonged to, and the way this site is researched and sourced.

Explore his key scientific papers explained in plain English, his doctoral students and academic lineage, and our sources and editorial method. Together these set out both the foundations of Hawking’s science and the standards behind this resource.


Stephen Hawking’s Key Scientific Papers, Explained

Behind the bestselling books lies a body of genuine scientific research that changed physics. This page lists Stephen Hawking’s most important papers in plain English: what each one argued, why it mattered, and where it sits in the story of his career. It is not an exhaustive bibliography, but a guide to the work that defined him.


The singularity theorems (1965 to 1970)

“The Singularities of Gravitational Collapse and Cosmology” (1970), with Roger Penrose, published in the Proceedings of the Royal Society. This is the landmark paper. Building on the methods Roger Penrose had developed for collapsing stars, Hawking and Penrose proved that, under general relativity, the universe must have begun from a singularity: a point of infinite density. It established that the Big Bang was not an optional feature of one model but an unavoidable consequence of the theory. The roots of this work lie in Hawking’s PhD thesis. See the full explainer on the singularity theorems.



The four laws of black hole mechanics (1973)

“The Four Laws of Black Hole Mechanics” (1973), with James Bardeen and Brandon Carter. This paper laid out a set of laws governing black holes that looked uncannily like the laws of thermodynamics. At the time Hawking regarded the resemblance as only an analogy. Within a year, his own work would reveal it was something far deeper. The story is told under black hole thermodynamics.



Hawking radiation (1974 to 1975)

“Black hole explosions?” (1974), published in Nature, and “Particle Creation by Black Holes” (1975), in Communications in Mathematical Physics. These are his most famous and most important papers. By applying quantum mechanics to the space around a black hole, Hawking showed that black holes are not completely black: they emit radiation, slowly lose mass, and can eventually evaporate. This united gravity, quantum theory and thermodynamics in a single startling result. It is the discovery carved on his memorial stone, and the reason he is considered one of the great physicists of the century. Read the full explainer on Hawking radiation.



The no-boundary proposal (1983)

“Wave Function of the Universe” (1983), with James Hartle, published in Physical Review D. Often called the Hartle-Hawking state, this paper proposed a way to describe the universe with no initial boundary in time, using the idea of imaginary time. It was an attempt to explain the very origin of the cosmos in quantum terms, removing the need for a beginning at which the laws of physics break down. Hawking considered it among his most important contributions, and its work with James Hartle occupied him for years.



The information paradox papers (1976 onward)

“Breakdown of Predictability in Gravitational Collapse” (1976), in Physical Review D. Here Hawking argued that information falling into a black hole is truly destroyed, appearing to violate a core rule of quantum mechanics. This launched the decades-long black hole information paradox, one of the deepest unresolved puzzles in physics, and one Hawking returned to repeatedly, including a famous public change of mind in 2004.



Later work

Hawking continued publishing into his final years, including work on the information paradox with Malcolm Perry and Andrew Strominger, such as “Soft Hair on Black Holes” (2016), which explored a possible mechanism for preserving information. His scientific output spanned more than five decades.



How to read the originals

Many of these papers are technical and aimed at physicists. Hawking’s own popular books translate the ideas for general readers, and the science section of this site explains each major result in plain English. For how these papers fit into his life, see the timeline; for the academic community around them, see his students and academic lineage.




Stephen Hawking’s Students & Academic Lineage

Great scientists belong to academic families: chains of mentor and student stretching back through generations. Stephen Hawking sat in the middle of one such lineage, shaped by his own supervisor and shaping in turn a generation of physicists who carry his influence forward.


His own supervisor: Dennis Sciama

When Hawking arrived in Cambridge as a research student in 1962, he was supervised by Dennis Sciama, one of the most influential figures in modern British cosmology. Sciama was famous not so much for a single discovery as for the extraordinary group of students he mentored, of whom Hawking became the most celebrated. Sciama’s own academic line traces back through the great physicist Paul Dirac and beyond, placing Hawking in a distinguished scientific heritage.



The students he supervised

As Lucasian Professor and a leading light of Cambridge’s Department of Applied Mathematics and Theoretical Physics, Hawking supervised a long series of doctoral students over his career, many of whom became prominent physicists in their own right. Among the best known are:


	Bernard Carr, who studied primordial black holes with Hawking and became a professor of mathematics and astronomy, also known for his work on the anthropic principle.

	Don Page, a frequent collaborator who worked with Hawking on quantum cosmology and black hole radiation, and who became a leading theoretical physicist. See Don Page.

	Gary Gibbons, who became a distinguished Cambridge physicist, known for the Gibbons-Hawking work on cosmological horizons and gravitational thermodynamics.

	Raymond Laflamme, who began as a student of Hawking, worked on the arrow of time (and helped change Hawking’s mind on it), and went on to become a leader in quantum computing.

	Malcolm Perry, a long-term collaborator who worked with Hawking on the information paradox into his final years.



Over his career Hawking supervised more than thirty doctoral students, a remarkable record for someone whose physical communication grew steadily more difficult.



Mentoring through adversity

There is something striking in this teaching legacy. As Hawking gradually lost the ability to write equations by hand and then to speak, he developed an extraordinary capacity to do complex physics in his head and to guide students through discussion. Former students often described how he would listen, pause, and deliver a precise comment that reframed a whole problem. His influence therefore lives on not only in his papers but in the careers of those he trained, an academic family that continues his work. To explore his collaborators in more depth, see the collaborators section.




The Sourced Stephen Hawking Quotations Archive

The internet is full of quotations attributed to Stephen Hawking, and a great many of them are misquoted, paraphrased, or simply invented. This archive collects genuine, verifiable quotations and, crucially, attributes each one to its original source. Where a popular line is doubtful or misattributed, we say so. Our approach to sourcing is set out in our sources and method.


On life and human curiosity

On the importance of curiosity, from a 2010 interview with Diane Sawyer: he advised remembering to look up at the stars and not down at your feet, and to be curious. The sentiment recurs throughout his work and is explored on the page of quotes on life.

In A Brief History of Time (1988), reflecting on why the universe exists, he closed the book with the celebrated line about hoping to know “the mind of God,” meaning, as he later clarified, the fundamental laws of nature rather than any deity. See did Hawking believe in God? for the full context.



On disability and resilience

From his public statements on living with disability, frequently repeated in interviews: his advice was to concentrate on the things his condition did not prevent him doing, and not to be disabled in spirit as well as physically. This theme is collected under quotes on disability and resilience.



On intelligence and adaptability

A widely shared line, “Intelligence is the ability to adapt to change,” is very commonly attributed to Hawking. It is worth a note of caution: despite its popularity, this quotation has never been reliably traced to any of his books, papers or recorded talks, and its attribution to him is doubtful. We include it here precisely because it is so often wrongly cited.



On death

From a 2011 interview with The Guardian: he said he was not afraid of death but was in no hurry to die, adding that he had so much he wanted to do first. He also likened the brain to a computer that will stop working when its components fail, describing the afterlife as a fairy story for people afraid of the dark. These are explored on the page about what Hawking thought about death.



On the future and humanity

From Brief Answers to the Big Questions (2018) and related lectures, he urged that humanity must spread out into space to survive, and warned about the risks of artificial intelligence and of contacting alien civilisations. His reflections on the future are gathered under quotes on the future.



On science and understanding

From Black Holes and Baby Universes (1993) and many talks, he spoke of his goal as a complete understanding of the universe, why it is as it is and why it exists at all. His scientific outlook is collected under quotes on science.



On humour

Hawking was known for his wit. From various interviews and appearances, including his cameos in popular culture, he deployed dry humour about his condition, his fame and the universe alike. Examples are gathered under quotes on humour.



A note on verification

We list quotations here only where they can be traced to a credible source: one of his books, a recorded interview, a lecture, or a documented public statement. We deliberately flag famous lines whose attribution is doubtful rather than repeat them as fact. If you believe any attribution here is mistaken, please contact us and we will review it.






Reference


Stephen Hawking: A Timeline



How Stephen Hawking’s Mind Worked

Most accounts of Stephen Hawking dwell on what he discovered. Fewer ask how he thought, and that is the more unusual story, because his way of thinking was shaped by a constraint no other great physicist of his era faced. For most of his career, Hawking could not write. He could not scribble an equation, fill a blackboard, or work a problem out on paper in the ordinary way. So he learned to do it all in his head.

That single fact changed the shape of his mind. It made him a geometer rather than an algebraist, someone who reasoned in pictures and structures rather than long chains of symbols. It forced him to compress, to hold whole problems in working memory, and to ask one enormous question rather than a hundred small ones. Below are five habits of thought that recur across his life and work. They are not a formula; they are a portrait.


1. He reasoned in structures, not symbols

Because he could not write equations down, Hawking trained himself to manipulate complex mathematical objects entirely in his mind. Colleagues described him picturing the geometry of a black hole or the curvature of spacetime the way most people picture a familiar room, turning it over, testing it, and only committing to paper, through an assistant, at the very end.

This was not merely a workaround. It pushed him towards the kind of physics where a clear mental picture does the heavy lifting, and it may be part of why his contributions so often took the form of a single, graspable insight rather than a forest of calculation. He understood the shape of a problem first; the algebra came afterwards.



2. He chose the biggest possible question

Faced with a problem, the ordinary scientific instinct is to narrow: more data, more detail, a smaller and more tractable case. Hawking’s instinct ran the other way. Where did the universe come from? What happens to information that falls into a black hole? Does the universe need a beginning at all? He consistently reached for the question one level up, the one that, if answered, would dissolve the smaller questions beneath it.

Stated simply, his goal never changed across decades: a complete understanding of why the universe is as it is, and why it exists at all. Almost everything he did was a special case of that single, outsized ambition.



3. He worked the seam between incompatible ideas

Hawking’s defining discovery came from doing something that was not supposed to work. He took quantum mechanics, which governs the very small, and general relativity, which governs the very large, and forced them to operate in the same place at once, the edge of a black hole, where neither theory was comfortable. The breakthrough lived in the seam between two frameworks that the rest of physics kept carefully apart.

It is a habit worth naming, because it is general. The most valuable insights often sit on the boundary between two things that are each “obviously true” but cannot both be fully true at once. Hawking did not resolve such contradictions away. He sat inside them, because the contradiction was where the new thing was hiding.



4. He staked positions in public, and changed his mind

Hawking made wagers on open scientific questions: with Kip Thorne over whether a particular object was a black hole, with John Preskill over whether information survives one. These were not stunts. A public bet forced him to commit to a falsifiable position, and when the evidence eventually turned against him on the information question, he conceded, openly, and with good humour. He treated being proven wrong as the system working, not as a personal defeat.

There is a quiet lesson in that. The willingness to make a belief concrete, to expose it, and then to update it without ego is rarer and more valuable than confidence. Hawking had both the nerve to bet and the honesty to lose.



5. He treated simplicity as the final achievement, not the starting point

When Hawking wrote A Brief History of Time, he was warned that every equation he included would halve his readership. He cut all but one. The book went on to sell in numbers no popular science book had managed, not because he had watered the ideas down, but because he had done the far harder work of making the genuinely difficult genuinely clear.

He understood that clarity is the last thing you earn, not the first thing you assume. Anyone can produce the complicated version; it is just the unprocessed contents of one’s own head. The simple, accurate, vivid version is the proof that the thinking is finished. Across his books, his lectures and his famous one-liners, that discipline is everywhere.



The thread that runs through all five

Underneath the habits is a temperament. Hawking refused to accept “the laws break down here” as a final answer, whether here meant the centre of a black hole or the first instant of time. He was given every reason to think small, about his prospects, his health, his time, and chose, deliberately, to think as large as it is possible to think.

His own advice, offered to anyone facing hard circumstances, doubles as a description of how he worked:


However difficult life may seem, there is always something you can do and succeed at.



That is not a sentiment about physics. But it is, in the end, the same mind at work.

Want to put this way of thinking to work? Hawking’s reasoning patterns are also available as an installable Claude Skill for Claude, ChatGPT and any LLM.

See also his readiness to concede famous bets when proved wrong, and his documented views on the big questions.




Stephen Hawking’s Famous Scientific Bets

Stephen Hawking had a great fondness for scientific bets. They were partly fun, but also a serious habit of mind: a public, light-hearted way of staking out a clear position and then, crucially, conceding gracefully when the evidence turned against him. Here are his three most famous wagers.


The black hole bet, with Kip Thorne (1974)

In 1974 Hawking made a bet with his friend Kip Thorne about the object known as Cygnus X-1. Thorne bet that it was a black hole; Hawking bet that it was not, an odd position for the world’s leading black hole theorist. Hawking explained it as a kind of insurance policy: he had devoted his career to black holes, so if it somehow turned out they did not exist, at least he would have the consolation of winning the bet. As the evidence that Cygnus X-1 contains a black hole became overwhelming, Hawking conceded in 1990. The stakes were characteristically jokey: a magazine subscription was on the line.



The information paradox bet, with John Preskill (1997)

A more serious wager concerned the black hole information paradox. In 1997 Hawking and Thorne bet the physicist John Preskill that information swallowed by a black hole is genuinely destroyed, violating a core principle of quantum mechanics. Preskill bet that the information must somehow survive. The agreed prize was an encyclopaedia, from which, fittingly, information can always be retrieved. In 2004 Hawking publicly conceded, announcing that he now believed information is preserved after all, and presented Preskill with a baseball encyclopaedia. It remains one of the most famous concessions in modern physics.



The Higgs boson bet, with Gordon Kane (early 2000s)

Hawking also bet the physicist Gordon Kane around one hundred dollars that the Higgs boson, the long-sought particle behind the origin of mass, would never be found. He lost. When CERN’s Large Hadron Collider confirmed the Higgs in 2012, Hawking conceded with good grace, paid up, and generously remarked that Peter Higgs deserved a Nobel Prize for the prediction. Higgs duly received one in 2013.



Why the bets matter

Hawking’s wagers were more than entertainment. Each forced him to commit to a clear, falsifiable position, and each ended with him changing his mind in public when the facts demanded it. That willingness to be proved wrong, cheerfully and openly, is one of the most admirable features of how he worked, explored further on the page about how his mind worked.




Stephen Hawking’s Honours & Awards

Stephen Hawking was among the most decorated scientists of his era. While the Nobel Prize famously eluded him, he collected nearly every other major honour in science and public life. Here are the most significant, with what each meant.


Fellow of the Royal Society (1974)

Election to the Royal Society, Britain’s national academy of sciences, is one of the highest honours a scientist can receive. Hawking was elected a Fellow in 1974 at the age of just thirty-two, exceptionally young, in recognition of his early work with Roger Penrose on singularities and his then-new theory of Hawking radiation.



CBE (1982) and Companion of Honour (1989)

He was appointed a Commander of the Order of the British Empire (CBE) in 1982. Later he was made a Companion of Honour, a rare distinction limited to just sixty-five living people at any time, recognising outstanding national achievement. Notably, Hawking is widely reported to have declined a knighthood in the late 1990s, said to be out of dissatisfaction with the government’s handling of science funding.



The Wolf Prize (1988)

Hawking shared the prestigious Wolf Prize in Physics with Roger Penrose in 1988, for their work on singularities and the structure of the universe. It is often regarded as second only to the Nobel among physics honours.



The Copley Medal (2006)

The Royal Society’s Copley Medal is its oldest and most prestigious award, first given in 1731 and predating the Nobel Prize by well over a century. Hawking received it in 2006; in a fitting touch for a cosmologist, his medal was flown into space before being presented to him.



The Presidential Medal of Freedom (2009)

In 2009 Hawking received the United States’ highest civilian honour, the Presidential Medal of Freedom, awarded by President Barack Obama. It recognised not only his scientific achievement but his role as a global ambassador for science.



The Fundamental Physics Prize (2012)

In 2012 Hawking was awarded a Special Fundamental Physics Prize, one of the most lucrative awards in science, for his discovery of Hawking radiation and his deep contributions to physics. It was a recognition, from his peers, of work that the Nobel committee could not honour for lack of experimental proof.



And the rest

Beyond these, Hawking held a long list of further honours: the Albert Einstein Award, the Pius XI Medal, the Eddington and Hughes Medals, membership of the United States National Academy of Sciences, and honorary degrees from universities around the world. For how these fit into his wider influence, see legacy and honours; for the one prize he never won, see why he never won a Nobel.




Legacy & Honours

Stephen Hawking’s influence runs along several lines at once: the physics, the public understanding of science, his advocacy, and the example of his life. This page gathers the honours he received and the legacy he left.


Scientific legacy

Hawking’s deepest mark on physics is the discovery of Hawking radiation and the laws of black hole thermodynamics that surround it. By giving black holes a temperature and an entropy, he revealed an unexpected and profound link between gravity, quantum mechanics and information, a link that remains at the very centre of theoretical physics. The black hole information paradox he raised has driven decades of research and helped give rise to ideas such as the holographic principle. His singularity theorems with Roger Penrose reshaped cosmology. And the physicists who trained in his Cambridge group carried his influence into the next generation.



The Nobel that never came

Despite all this, Hawking never received the Nobel Prize in Physics. The reason is specific: the prize generally requires experimental confirmation, and Hawking radiation, for any real black hole, is far too faint ever to have been detected. It is widely believed a direct observation would have won him the prize at once. When Roger Penrose received a share of the 2020 Nobel for the singularity work, Hawking had already died, and the prize is not awarded posthumously.



Honours he did receive

Hawking was, nonetheless, among the most decorated scientists of his time. He was elected a Fellow of the Royal Society in 1974, made a Commander of the Order of the British Empire (CBE) in 1982, and appointed a Companion of Honour. He received the United States Presidential Medal of Freedom in 2009, the Wolf Prize, the Royal Society’s prestigious Copley Medal, the Fundamental Physics Prize, and numerous other awards and honorary degrees from around the world. He is also reported to have declined a knighthood, reportedly out of concern over the state of science funding.



Commemorations

After his death, the tributes took lasting form. His ashes were interred in Westminster Abbey, beside Isaac Newton and near Charles Darwin, an honour reserved for a tiny number of figures, and his memorial stone is inscribed with the equation for the temperature of a black hole, his own discovery. In 2019 the Royal Mint issued a commemorative 50p coin in his honour. His office contents, scientific papers and the iconic wheelchair were preserved for the nation, with his archive going to Cambridge University Library and items to the Science Museum. Lectures, including the Annual Stephen Hawking Lecture on motor neurone disease, continue to bear his name.



A legacy beyond physics

Perhaps Hawking’s widest legacy is in the public understanding of science. More than anyone of his era, he made cosmology part of ordinary culture, through his books, his many television appearances and the sheer force of his story. He also used his platform for advocacy: for disability rights and motor neurone disease research, for the National Health Service that had cared for him, and, in his final years, for serious attention to the long-term future of humanity.

Above all, his life stands as the most powerful argument he ever made: that a mind, given the chance, can transcend almost any limitation placed on the body that carries it.

For a closer look at the individual awards, see Hawking’s honours and awards in detail, and for the prize that eluded him, why he never won a Nobel.




Where to See Stephen Hawking: Places & Memorials

For those who want to feel a little closer to Stephen Hawking, several places connected to his life and memory can be visited. Here is a short guide to the most significant.


Westminster Abbey, London

The most important site is Westminster Abbey, where Hawking’s ashes were interred in June 2018. He lies in the most distinguished company in British science, near the grave of Isaac Newton and close to that of Charles Darwin. His memorial stone is inscribed with the equation for the temperature of a black hole, the Hawking radiation formula that was his greatest discovery, a fitting epitaph carved in physics. The Abbey is open to visitors, and the story of his interment is told on the page about his death and interment.



Cambridge

Cambridge was Hawking’s home for most of his life. He worked at the University’s Department of Applied Mathematics and Theoretical Physics, latterly housed at the Centre for Mathematical Sciences, and he was a long-standing fellow of Gonville and Caius College, which is part of the historic university city well worth exploring. While his former office is not a public exhibit, the city itself, with its colleges and scientific heritage, is the landscape against which his life’s work unfolded.



The Science Museum, London

In 2021 the contents of Hawking’s Cambridge office were acquired for the nation, and the Science Museum in London became home to a remarkable collection of his personal effects, including one of his iconic wheelchairs and items relating to the speech synthesiser that gave him his voice. At the same time, his vast scientific archive of papers was secured by Cambridge University Library. Together they preserve both the instruments of his daily life and the record of his ideas. Check the museum’s current displays before visiting, as exhibits change.



Elsewhere

Hawking was born in Oxford and grew up in St Albans, and both places carry associations with his early life covered in his biography. His name also lives on in buildings, lectures and a commemorative Royal Mint coin issued in 2019. But for most visitors, the Abbey and the Science Museum are the two places where his presence is most directly felt.




Stephen Hawking: Frequently Asked Questions

Short, direct answers to the questions people most often ask about Stephen Hawking. Each draws on the fuller pages across this site, which are linked throughout.



EPUB/media/cover.png
1942 - 2018

Stephen
Hawking

The Definitive Guide

to his Life & Science

.stephenhawking.co.uk'





