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Introduction

Edwin Hubble: ‘Equipped with his five senses, man explores the Universe around him and calls the adventure science.’

Ever since our distant ancestors first looked up at the night sky and wondered what all those twinkling lights were, we have been mesmerized by the heavens. The stars featured heavily in ancient beliefs: to the Mayans, the Milky Way was the World Tree that linked the underworld with heaven; the Aborigines saw the shape of an emu in the stars; the mythologies of Ancient Greece and Rome have been immortalized in the names of planets, stars and constellations.

Ancient people incorporated celestial bodies into their cultural stories to make sense of the world in the millennia before science overcame astrology. But the urge to understand the Universe is the same today as it always was. We are fortunate to live in an age of science, when we can learn things about those twinkling lights that the ancients could scarcely dream of.

This book shows what science has taught us about the Universe, a vast expanse that is 13.8 billion years old and stretches for at least 93 billion light years and probably much further. It tells the story of our Universe from its distant beginnings to the farthest future, and introduces readers to the laws and forces of the cosmos, as well as to its leading denizens.

Structure

Neil deGrasse Tyson: ‘We are all connected: To each other, biologically; To the Earth, chemically; To the rest of the Universe, atomically.’

When we look out into the Universe, we see structure. Stars are not everywhere; they are bound into vast agglomerations we call galaxies. Those galaxies cluster in groups, and the widest surveys of the cosmos show that these clusters are aligned along enormous filaments made mainly from dark matter. These filaments criss-cross, forming the ‘cosmic web’ that is the overarching structure of the Universe. On the largest scale, gravity and electromagnetism hold the Universe together. At the other end of the scale, subatomic particles form the foundation of matter. This chapter describes the various lynchpins in cosmic structure and introduces some of the scientists who increased our understanding of it.

History and Future

Maria Mitchell: ‘Do not look at the stars as bright spots only. Try to take in the vastness of the Universe.’

If the history of the Universe were condensed into one year, homo sapiens would have arisen at 11:52 pm on 31 December. We are but a recent footnote in the story of cosmic evolution.

The history of our Universe was dictated by events that occurred in an even shorter time span – the first second after the Big Bang. It is in this very early era, when the disciplines of cosmology, particle physics and quantum physics collided, that the family tree of particles grew, and the fundamental forces governing them came into their own. The Universe was still small enough that quantum effects could affect the entire cosmos, with repercussions that endure to this day.

Components

Martin Rees: ‘There are at least as many galaxies in our observable Universe as there are stars in our galaxy.’

When scientists take an inventory of the Universe, they must include all its mass and energy. Some 69 per cent of the Universe is made from dark energy, a mysterious force that causes the expansion of the Universe to accelerate. Another 26 per cent of the Universe is made from dark matter, a substance that does not interact with light. Finally, a mere 5 per cent of the Universe is ordinary matter that we can see, smell and touch. This 5 per cent makes up the trillions of galaxies, stars, planets, moons, asteroids and interstellar dust and gas that we can observe stretching all the way to the cosmic horizon. This chapter describes these and other types of object in the Universe that make up the 5 per cent.

Theories

Carl Sagan: ‘If you want to make an apple pie from scratch, you must first create the Universe.’

Here we look at how the structure, history and components of the Universe tie together. The word ‘theory’ is often misunderstood. A theory isn’t just an idea – it’s a conceptual framework that supports predictions based on observations and a body of evidence that supports that theory. From the detective stories behind our understanding of cosmic inflation, stellar evolution and planet formation to the inspiration of Einstein’s theories of light and gravity, it’s all here in this final section.

Distance units

The scale of the Universe inevitably involves huge distances, and objects at scales vastly larger than those we encounter in everyday life. Throughout this book, therefore, we use some of the following units for brevity and readability.

Astronomical Unit (AU): Used in measurements of solar systems, this is roughly the mean distance at which Earth orbits the Sun – 149.6 million kilometres (93 million miles).

Light year: This widely used unit is equivalent to the distance travelled by light in one Earth year – roughly 9.5 million million kilometres (5.9 trillion miles).

Time

The history of the Universe takes place across billions of years, but the timescales can vary widely. Some crucial events took place just fractions of a second after the Big Bang; other processes took millions or even billions of years. In the History chapter, we date events based on the time elapsed since the Big Bang. Since time began with the Big Bang, we refer to the Big Bang as being at T (time) = 0. Every subsequent event is T +.

Scientific notation

When dealing with very large or small numbers, we occasionally use the form a × 10b. In this scientific notation (used to reduce the number of digits needed to write very large or small numbers), a is the ‘mantissa’ (the most significant figures in the number), while b is the ‘exponent’ – the number of times 10 would need to be multiplied by itself in order to represent the decimal equivalent.

For example: 103 = 10 × 10 × 10 = 1,000, so 3,400 can be written as 3.4 × 103.

Note that a – sign before the exponent represents a negative power thus:

10–b = 1/10b

So for example 10–6 = 1/1,000,000, and 0.000003 can be written as 3 × 10–6.
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