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Can we save our view of the stars?

CELEBRATING THE FIRST WOMEN IN SPACE

UNISTELLAR EQUINOX 2 

SMART SCOPE TESTED

WHAT CAME BEFORE 

THE BIG BANG?

WHY A SUPER-EARTH WOULD 

SHAKE UP THE SOLAR SYSTEM

Find the swan songof dying stars insummer skies

PLANETARY
NEBULAE

THE SCIENCE BEHIND 

NIGHT-SHINING CLOUDS

HOW THE SOUTHERN  

STARS WERE MAPPED
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Expansion over time
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t’s the question that always comes up when 

thinking about the origin of the Universe: what 

came before? And if there was no ‘before’, 

what was the cause of the Big Bang  

LQ�WKH�ƅUVW�SODFH"

Until a few centuries ago, the answer was easy: 

some eternal deity set everything in motion. 

Even Isaac Newton believed that God created 

the Universe, some 6,000 years ago. Later, many 

scientists, including young Albert Einstein, assumed 

the Universe itself to be eternal and everlasting.  

But when cosmic expansion was discovered, Belgian 

cosmologist (and Jesuit priest) Georges Lemaître 

realised there must have been a beginning – a 

VFLHQWLƅF�YHUVLRQ�RI�*HQHVLV��VR�WR�VSHDN�

Not that everyone immediately agreed. Well into 

the 1960s, Fred Hoyle’s steady-state theory was quite 

popular among iconoclastic scientists as well as lay 

people. Hoyle accepted cosmic expansion, but he 

didn’t believe in the Big Bang. Instead, he assumed 

that a slow, continuous creation of new matter could 

keep the average density and the general properties 

of the Universe constant over time.

The 1964 discovery of the cosmic microwave 

EDFNJURXQG�ZDV�WKH�PDMRU�QDLO�LQ�WKH�FRIƅQ�RI�

the steady-state theory. Ever since, supporting 

evidence for the Big Bang origin of our Universe  

has accumulated to a point where there’s hardly  

any doubt left.

6WLOO��QR�RQH�KDV�WKH�ƅQDO�DQVZHU�WR�WKH�TXHVWLRQ�

in the title of this instalment of our Cosmology Crash 

Course. Most scientists simply ignore it, as it seems to 

be too hard a nut to crack. In fact, when astronomers 

talk about the Big Bang, they usually do not refer to 

the very beginning of the Universe (time zero), but to 

the incredibly hot and compact state of the Universe 

LQ�WKH�ƅUVW�FRXSOH�RI�PLQXWHV�RI�LWV�H[LVWHQFH�

To some extent, this is because no one has a 

real clue about the true nature of time, let alone 

about the beginning of time. British physicist Julian 

Barbour, for one, has argued that time doesn’t even 

exist, except as an illusion in our minds. According to 

others (including Stephen Hawking), time came into 

OSMOLOGY
RASH COURSE

S Popular in the 

1950s, steady-

state theory 

claimed matter 

is continuously 

created as the 

Universe expands, 

a theory overtaken 

by the Big Bang 

idea that density 

drops as galaxies 

move away from 

one another

Govert Schilling answers your questions  
on cosmology’s most confusing concepts IL
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Raisin  

(galaxy cluster)

Govert Schilling’s book  

The Elephant in the Universe

is published by Harvard  

University Press
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existence together with the Universe, rendering 

the whole concept of the word ‘before’ 

meaningless. Asking what happened before 

the Big Bang would be like asking what 

lies north of the North Pole, or what 

distance is shorter than zero.

Alternative theories
Then again, we simply don’t know 

whether or not there was time before the 

Big Bang. According to the once-popular 

idea of the cyclic (or oscillatory) Universe, 

the current expansion of space could one 

day revert into a contraction, and the resulting 

Big Crunch could bounce into a new Big Bang, 

starting the next cycle of an eternal sequence.

It’s just one of many hypotheses in which  

our Universe is not unique, but part of a possibly 

LQƅQLWH�PXOWLYHUVH��RQH�ZD\�RU�DQRWKHU��$QG�LI�WKH�

PXOWLYHUVH�LV�DOVR�LQƅQLWH�LQ�WLPH��ZHŝUH�EDFN�WR�

the idea that everything has existed forever, 

conveniently circumnavigating the nagging  

question of a beginning.

Finally, South African physicist Neil Turok thinks 

the Big Bang not only spawned our Universe, 

but also an anti-Universe, composed of 

anti    matter and running backward in time. 

Again, an intriguing idea, but there’s also 

QR�FKDQFH�RI�FRQƅUPDWLRQ��RU�UHMHFWLRQ���

via observations.

In the end, we have to admit we’re 

ignorant about the true beginning 

of the Universe. And even if we lean 

towards an eternal multiverse with no 

real beginning at all, we don’t know why 

there is something (or, more to the point, 

why there is everything) instead of nothing. 

Who knows what answers a 22nd-century 

Cosmology Crash Course may give?

Universal riddles

Over the past decades, 

scientists have unravelled a 

lot of cosmological mysteries. 

In particular, detailed 

observations of the cosmic 

microwave background by 

the European Space Agency’s 

Planck mission, as well as 

large-scale surveys of the 

three-dimensional 

distribution of galaxies, 

provided so much 

information about the early 

stages and the later evolution 

of the Universe as to warrant 

the use of the phrase 

‘precision cosmology’. 

Nevertheless, 

astronomers are 

left with an annoying 

number of unsolved 

cosmological riddles.

Apart from the fact that  

no one knows what (if 

anything) happened before 

the Big Bang, there’s no 

consensus on the hypothesis 

of cosmological inflation  

– an extremely early and 

brief phase of exponential 

expansion without which a 

number of properties of the 

Universe, like its homogeneity 

and lack of large-scale 

Countless cosmic conundrums 

remain to be solved

S Despite glimpses like Planck’s study of the cosmic microwave 

background, much of the Universe remains unfathomable

curvature, would remain 

unexplained. Moreover, 

although cosmologists know 

the Universe contains 68.5 

per cent of dark energy, 26.6 

per cent of dark matter and a 

mere 4.9 per cent of ‘normal’ 

matter (atomic nuclei), the 

true nature of both dark 

energy and dark matter is  

a mystery.

Finally, we don’t know 

about the long-term future  

of the Universe, and no one 

knows why the particles and 

forces in nature have the 

masses, charges, strengths 

and other properties they do.

S Nothing special: 

ours may be one of 

an infinite number 

of parallel universes

S Yo-yo diet: an oscilliating Universe starts with a bang, contracts to a crunch then starts anew, expanding and contracting over and over
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