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‘Where shall I begin, please your Majesty?’ he asked. ‘Begin at the beginning,’ the King said, gravely, ‘and go on till you come to the end: then stop.’ 

– Lewis Carroll

‘The most incomprehensible thing about the world is that it is comprehensible.’

– Albert Einstein
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O

nce upon a non-time, a very, very long time ago, there was nothing – absolutely nothing. Not only was there no matter, there existed neither time nor space.

Then, suddenly, out of this staggering state of sheer nothingness came something; in fact the makings of everything – our universe.

The big bang, as it’s called, is proposed to have happened some 13.8 billion years ago, with a super-dense, super-hot fireball and unimaginable temperatures of 100 million trillion trillion degrees. [As it’s used here, billion means 10 to the power 9 (or one thousand million), while trillion refers to 10 to the power 12 (one thousand billion). Temperatures, unless stated otherwise, are expressed in Kelvin, the absolute temperature scale used by astrophysicists.]


Having a beginning, and quite possibly an ‘end’ of sorts, the big-bang model seems to be in basic agreement with the creation stories of Christians, Jews, Hindus and Muslims, as well as those of the ancient Egyptians, Chinese and Aztecs.




One unexplained mystery of the universe is why it appears to be the same in every direction, even though regions at opposite ends of the universe today do not communicate with each other. To explain this unexpected feature, most cosmologists, whose business it is to study the universe’s origin and structure, propose that very soon after the big bang the cosmos underwent, in virtually no time at all, what’s known in technical parlance as cosmic inflation.

This, theorists calculate, happened from 10 trillion-trillion-trillionths of a second to 10 billion-trillion-trillionths of a second after the big bang.

During this extraordinarily short but far-reaching epoch, the universe doubled in size every hundred trillion-trillion-trillionths of a second, inflating in size by at least 100 trillion trillion times – from a speck smaller than the size of an atom to a region bigger than the biggest galaxy. At least, this is what happened according to the simplest version of inflationary theory, proposed in 1979 by an American physicist, Alan Guth.




By ‘theory’, physicists refer not to an idea or hypothesis but to a rigorously established mathematical model that stands or falls by experimental test.

That said, cosmological theories sometimes do not have a critical experimental test on which they can be assessed. So, they would not pass Austrian philosopher Karl Popper’s definition of a scientific theory.




After inflating exponentially, the universe settled down to expanding at a more leisurely pace. The expansion continues today, with the huge space between distant groups or clusters of galaxies increasing all the time. The further away they are from us, the faster they recede.


The original notion of a big bang dates from 1931 when a Belgian physicist and Catholic priest, Georges Lemaitre, suggested that the movement of galaxies away from us could be attributed to an expanding cosmos. He subsequently concluded that an expanding universe must have originated somehow from a single point, or ‘primeval atom’, as he described it at the time. This, he contended, exploded and scattered material that eventually condensed to form stars and galaxies.



The infant universe was anything but a slow developer. When it was no more than a trifling one second old, the now-inflated cosmos contained matter, radiation and the four basic forces of Nature. The latter include gravity, electromagnetism and the strong and weak nuclear forces inside the nucleus of an atom. 

After only three minutes, the universe had cooled sufficiently to allow the first three elements – hydrogen, helium and lithium – to start forming.

As a matter of interest, the formation of chemical elements stopped there. It was only a few 100 million years later, when the first stars appeared, that some of the other elements started to form.
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I

t all seems like an awfully long time ago – and indeed it was. But the aftermath of the moment of creation is still with us today in the form of something called the cosmic microwave background radiation.

This afterglow of the big bang, the flood of light released 380,000 years after time zero, provides a wealth of information about the early universe – if only scientists can get their hands on it.

In the first few 100,000 years, the radiation was so hot that it could not filter through the matter: it was immediately absor­bed and re-emitted by free electrons and hydrogen atoms innumerable times.


The cosmic microwave background radiation was discovered serendipitously in 1965 when two Bell Telephone Laboratories engineers, Arno Penzias and Robert Wilson, were trying to trace the source of what was believed to be radio interference.



As the cosmos expanded, the gas and radiation cooled until the radiation became too cold (less than about 3000 degrees) to interact with the hydrogen atoms, and could freely cross the universe without being stopped.

As the universe cooled, free electrons mostly disappeared because hydrogen atoms recombined (into one proton and one electron), and the background radiation did not have enough energy any more to strip the electron off the proton.

This is observed today as cosmic background microwave radiation. These photons of light were emitted the last time they interacted with hydrogen atoms, and then streamed to us without interacting again. That’s why the cosmic background microwave radiation presents us with a snapshot of the gas distribution at the last moment of interaction between the hydrogen atoms and radiation.

When they interacted for the last time, the cosmic microwave background photons had a temperature of about 3000 degrees. Today, it’s 2.73 degrees, which is why they appear in the microwave band. This suggests that the universe has expanded 1000 times since that moment.
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Heat map: Planck’s picture of the universe’s cosmic microwave background radiation. (ESA, NASA)

In 2013, the European Space Agency’s Planck satellite revealed, with unprecedented accuracy, the minute temperature fluctuations in this primordial background radiation.

In doing so, the state-of-the-art satellite shed light on key facts: from the universe’s age to the time the first stars formed (about 200 million years after the big bang).

In particular, Planck has helped astrophysicists to find compelling evidence for the bizarre epoch of cosmic inflation. Theory has it that this exponential growth spurt would have greatly increased the size of minuscule quantum mechanical ripples, or perturbations, in the fabric of space and time, known as gravitational waves.


Quantum mechanics, in essence, describes how reality works at the atomic and subatomic level. The theory began with Danish physicist Niels Bohr’s description of the hydrogen atom and German physicist Max Planck’s description of black-body radiation, namely, the way in which heated bodies emit energy. Planck’s work led him to conclude that energy is emitted only in fixed amounts, or quanta, the magnitudes of which are proportional to the radiation’s frequency.

A long-held, and rather tantalising, research question has centred on where the quantum world ends and the classical world of relativity theory begins. For instance, at temperatures close to absolute zero, liquid helium behaves like a superfluid, a state characterised by high thermal conductivity and low viscosity. Another example is superconductivity, the increase in electrical conductivity of some materials at low temperatures.

More recently, theoretical work has suggested that quantum entanglement – whereby subatomic particles maintain a relationship even when separated by great distance from each other – is the foundation of space-time.



Highly elusive gravitational waves would have left an imprint in the form of curly, pinwheel-like patterns in the polarisation, or twisting pattern, of the earliest radiation emitted in the universe.

After the radiation decoupled from hydrogen atoms, the universe entered a few hundred million years of total darkness, a period dubbed the cosmic Dark Ages. The background radiation continued to cross the universe by itself while the gas cooled into denser clouds under the embrace of gravity, without emitting any more light.
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Then at some point, when those cold clouds became sufficiently dense, things changed again, and the great ignition began. This was when the first stars, each one many times the mass of our Sun, began to light up the sky.

These stars assembled from immense clouds of frigid primordial matter that condensed under the embrace of gravity. The conversion of cold, virtually inert, gas into dazzlingly hot stars continued for billions of years, seeding the universe with
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Making waves
Strange as it may scem, minuscrle gavitational waves axe created

when you jump up and down.

‘The waves would be undetectably small of course — gravity, after
all s the weakest of the four fundamental forces of Nature.

Caltech, MIT, LIGO Lab

Gravity i so weak, in fact, that only in 2015 did the super-
sensitve Laser Interferometer Gravitational-wave Observatory
(pictured above) detect the waves from two colliding black holes,
each about 30 times our Sun's mass, 1.3 billion light years away.
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