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Fig. 1a A letter addressed to us. Fig. 1c Our Virgo
cluster.

Fig. 1b Our local Universe (REAL)

and simulated random galaxies
(RANDOM). The top panel (REAL) is a
map of the Local Universe. Each dot is
a galaxy with a few hundred billion
stars. The scale is: 1 millimetre = 100 5
million light years. The bottom is a

simulation. If the galaxies in the
Universe were laid out at random like
raindrops on a footpath, this is what
they would look like (RANDOM). The
real patterns (REAL) are very
different. This map extends far
enough to encompass a fair sample of
the Universe. Notice that there are
many frothy voids and walls in this
image, but there is no structure that
seems to be as large as the map itself -
the structures nearby resemble the
structures far away. Where did this
large scale structure come from?
What determined this distribution

of galaxies in the Universe? The
answer seems to be quantum
fluctuations on the llest scales
imaginable. This map was made with
the 2dF instrument on the Anglo-
Australian Telescope in
Coonabarabran, NSW.

addressed to us. How could he find the ‘Local Universe'?
The top part of Figure 1b is a map that will help. It is the
largest and most detailed map of the local Universe that we
have been able to make. It was made in Australia. Each black
dot represents a galaxy. There are bubble-like voids where
fewer galaxies live. There are also clumps of dots. These are
clusters of galaxies. In a few dozen places, the clumps line up
to make great irregular walls that look like flattened swarms
of bees. The ‘Supergalactic Plane’ in our address is such a
flattened swarm but does not show up well in this map. If
you think there is no pattern in this map — that the galaxies
look like they've been thrown down at random — have a look
at the lower part of Fig 1b. It is a simulation of what the

local Universe would look like if galaxies were distributed at
random like raindrops on a footpath.

The patterns of great walls and voids in the real map help
the postman identify our Local Universe and zero in on the
particular wall we call the Supergalactic Plane — a motley
irregular wall, but 1t 1s the largest identifiable structure in
which we live. Embedded in this wall, like a spherical brick,
is our cluster, the Virgo Cluster of galaxies, with its several
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Fig. 1d Our Galactic
Neighborhood. A roster of
the galaxies in our Local
Group. Andromeda (lower
left) is twice as massive

as our Milky Way galaxy
(lower right). A close-up

of the boxed object in M33
(upper left) is shown in
Fig. 3b. The Galaxies of the
Local Group drawn to scale.

Fig. 1e Our current understanding
of quantum cosmology and the
beginning of the Universe is far
from complete, but what we do
know strongly suggests that our
Universe may be part of an eternal
budding network of universes
called the multiverse. Our cosmic
address keeps getting longer.
From Sky and Telescope:

The Self-Reproducing Universe
by Eugene F. Mallove

S

transition makes the Universe collapse by at least a factor
of 10 = 100,000,000,000,000,000,000,000,000. Heat this
collapsed false vacuum and space-time itself begins to froth
and boil. Time, as an entity separates from space, loses its
meaning and there your heating stops. Play this scene in the
opposite direction and you have the history of the Universe.
Thus, the answer to the question, ‘Where did the stuff of the
Universe come from?' is: ‘from the energy of the false vacuum'.
One billion years after the big bang there was a period of
intense star formation that lasted for a few billion years.
Our Sun was not part of it. The Earth and Sun formed eight
billion years after the big bang, 4.5 billion years ago. The Sun
is about one-third the age of the Universe and younger than
90 per cent of the stars in the Universe. The Earth formed
about 10 million years after the Sun turned on.

WHY Do WE THINK THE UNIVERSE HAD A BEGINNING?

In the 1920s and 1930s, Edwin Hubble and others discovered
that light from distant galaxies was shifted towards longer
wavelengths. The more distant the galaxy, the more the light
was shifted. This is similar to the Doppler shift that lowers
the pitch of receding train whistles and enables policemen
with radars to give you speeding tickets. Distant galaxies are
all receding from us and the more distant they are, the faster
they are receding. When we trace the motion of all the galaxies
in the Universe back into the past, we find that they used to
be closer together. At a point in time, about 13 billion years
ago, all galaxies were on top of each other in a cosmic traffic
jam. We call this hot, dense traffic jam of galaxies the big
bang. Thus, we think there was a beginning to the Universe
because, today, we see all the galaxies in the Universe
moving away from each other. The discovery that the Universe
had a beginning is one of our greatest achievements.

When we say the Universe is 13 billion years old, we don't
mean that just the objects in it are 13 billion years old. We
mean that the objects and space itself and even time itself
are 13 billion years old. Before then, we don't think time or
space (or ‘before’) existed.

Ensemble of
Self-Reproducing Universes

Inflationary Universe

Zen master: 'There was never a time in which time did not
exist'. Physicist: 'Time and space emerged from quantum
space-time foam about which we know very little’.

w Ill. WHAT ARE WE?

When we eat, cook, burn, break and recycle things, we destroy
molecules by rearranging the atoms, but we do not make
new atoms. There are only two places in the Universe hot
enough to make atoms. These two atom factories are the big
bang and inside stars. The big bang made the hydrogen and
helium while all the other atoms (and a bit of the helium) are
made in stars.

When massive stars reach the end of their short lives, they
explode. The new atoms they have created are dispersed
into interstellar space. Over billions of years such supernovae
have strewn the main elements needed for life (carbon,
hydrogen, oxygen and nitrogen) throughout the Universe.
The molecules needed for life (H,0, CO, , N,) are also strewn
throughout the Universe, having formed when the
supernovae debris condensed into molecular clouds. Water,
the elixir of life, is probably the most abundant tri-atomic
molecule in the Universe. Amino acids, the building blocks
of proteins and life, are found in some meteorites and, they
too, are strewn throughout the Universe. Thus the ingredients
for life are abundant; the basic chemical requirements for
the emergence of life are present wherever stars and their
planets form.
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The Universe is made of strange stuff. Only in the last
few years has our inventory become complete — we think.
Observations of the glow from the big bang and distant
supernovae are only consistent with each other if about 70
per cent of the stuff in the Universe is unusual anti-gravitating
stuff called ‘vacuum energy’'. Even worse, most of the rest
is some kind of strange cold dark matter. We have never
detected it directly and we only know of its existence from
its gravitational influence on normal galaxies. Perhaps we
should congratulate ourselves on being able to classify the
remaining five per cent of the Universe into Mendeleyev's
periodic table of the elements.

» IV. WHO ARE WE?

Imagine a chain of your ancestors. You hold the hand of your
mother. She holds the hand of her mother, your grandmother,
who holds the hand of her mother and so on for generation
after generation into the past. As we follow this living chain
into the past, about six million years ago, the 300,000th
mother is your ancestor. She is also an ancestor of all
chimpanzees alive today. Follow the chain 200 million years
into the past and your ancient mothers are nocturnal shrews
whose successful avoidance of death enabled this chain to
lead to you. Four hundred million years into the past and
your mothers lose their hands, feet and lungs. They are fish;
the fins of the mothers touching the fins of the daughters.
About 800 million years into the past, your mothers are tiny
worms writhing against each other. Two billion years ago
they are microscopic single-celled amoebas of dubious
gender. Between 2.5 and 3.5 billion years ago the unbroken
chain becomes a series of microbes. Somewhere around four
billion years ago the chain of your biclogical mothers diffuses
into a chain of your physical mothers — a chain made of the
molecules from which our ancestors arose. Here there is a
transition from living to non-living. We no longer follow the
flow of DNA information in the chain, we follow the molecules
that came together to make us. This pre-biological, physical
chain winds its way back to the early heavy bombardment of
the Earth, leaves the Earth and spreads out into the pre-solar
molecular cloud where our water formed. Then it diffuses

Fig. 2a One of the oldest objects
in the Universe. The oldest stars
in the Universe are found in
globular clusters like this one.
Globular clusters are beautifully
spherical clumps of thousands of
stars which form in spherical >

Fig. 3a Composition of the
Universe, the Sun and Life.
Courtesy Dr Charles

Lineweaver

halos at the initial stages of
galaxy formation.

© Anglo-Australian Observatory,
Photograph by David Malin

further into the centres of myriad stars where our atoms formed
and ultimately back in time to inflation where matter formed
out of the false vacuum and then back to the big bang where
time and space formed out of quantum space-time foam.
The scientific discovery and continuing exploration of this
great chain of cosmic evolution - this flow of information and
material — is documented by fossils, DNA sequencing,
geological records, chemical analyses, Moon rocks and the
spectra of the most distant stars and galaxies. Our biological,
chemical and physical roots run deep into the fabric of the
Universe. And because they run so deep we don't really
know what life is. Are viruses alive? Are the mitochondria
with their own DNA, inside every cell of your body, alive? Are
the chloroplasts in plant cells alive? Is an ecosystem alive?
Is a hurricane alive? The wonderful problem with biology is
we do not know where its limits are.

THE ORIGIN OF LIFE

The Earth is 4.5 billion years old. We have found suggestive
isotopic evidence that life is at least 3.85 billion years old.
We have found recognisable fossils 3.5 billion years old. If
life had been on Earth earlier than four billion years ago we
would not expect to find it because rocks of that age are
extremely rare and have been almost unrecognisably altered
by compression, heat and erosion. As soon as the Earth
cooled down enough for life to form, we find evidence for life.
Life seems to have formed as soon as it could have.

Our best guess about life on other planets is that if it
exists, it might have emerged like life on Earth — it would
have started simple and then diverged in ways we are ill-
equipped to predict. In the Solar System where water exists
(or existed) we are looking for the simplest life forms; for
fossil bacteria on Mars, not dinosaur bones.

In the Solar System, the best candidates for extra-terrestrial
life seem to be Mars, Europa, Titan and Io (one planet and
three moons). About 3.8 billion years ago, when life was
probably already established on Earth, Mars was much like
the Earth. Water flowed over its surface. It had a thicker
atmosphere. There doesn't seem to be any reason why life
couldn't have emerged there. Mars probably still has sub-
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Fig. 4b Cosmic evolution and the terrestrial tree of life. | Fig. 4a Four billion Fig.3b Fertile Fumes of Supernovae. Our Sun, 4.57 billion
Our biological, chemical and physical roots run deep into years ago we woke up years ago, was a small clump in a cloud of gas and dust
the fabric of the Universe. The identification of DNA as out of chemistry and like this one, NGC 604 — a dense molecular cloud formed
the molecular blueprint of all life has led to the we became biology. | from the remains of supernovae. Dense clumps have
construction of this terrestrial tree of life and our position M. C. Escher, Liberation, ' collapsed into stars and the brightest stars light up the
on it (*animals’, upper right). Our tree of life has been | lithograph, 1955. cloud like fireworks lighting up the smoke from previous
seeded and fertilised by stars, watered by comets and fireworks. This giant molecular cloud is 1500 light years
energised by the Sun. The seeds for stars were planted across and about 3 million light years away in the third
by the irreducible quantum fluctuations of the big bang. largest member of the Local Group (see red box in Fig. 1d).
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OUR SUN, 4.57 BILLION YEARS AGO, WAS A SMALL CLUMP IN A CLOUD OF GAS AND DUST
LIKE THIS ONE...A DENSE MOLECULAR CLOUD FORMED FROM THE REMAINS OF SUPERNOVAE




Bacterium Nanobe Virus
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Fig. 5a We have a built-in
inability to understand that
we are part of the Universe.

Fig. 4c *Every component of the |
organism is as much of an organism

as every other part.’

(Barbara McClintock Nobel Prize in
physiology or medicine 1983)

‘The rock doesn't want
anything, the volcano
pursues no purpose, rivers
quest not the sea, wind
seeks no destination.’
(Hofstadter and Dennett,

The largest and the smallest
known life forms.

A: View of Earth as seen by the
Apollo 17 crew travelling towards
the Moon 12 July 1972.

B: A bacterium, a nanobe and a virus. The Minds I, p. 120)
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ARE WE ALONE?
‘We might be alone in the Universe, or there might be
innumerable inhabited planets in innumerable galaxies

Scientists argue both ways. One day we will know.’
(Steven J. Dick)

I'm not so sure. If you don't know what a duck is, you
will never know if you're the only one on the pond. We don't
really know what life or intelligence is. Life could be staring
e it. The
question 'Are we alone?’ is also ambiguous. Who is ‘we'?

us in the face and we may not be able to recognis

It can mean 'Are we (the life forms on Earth) the only life in

the Universe?’ or ‘Are we (Homo sapiens) the only intelligent
life in the Universe?'. Without a universal definition of life or
intelligence both questions are unanswerable.

We and trees share an ancestor that lived about two billion
years ago. We will share no biological ancestor with ETs.
That suggests to me that it will be easier to talk to a tree than
to an extra-terrestrial.

There are about a dozen projects on Earth listening for ET.
The Parkes Telescope has been outfitted with an ET detector
So far we have found no artificial signals from extra-terrestrials.

'l see nobody on the road,” Alice said.

‘I only wish I had such eyes,’ the King remarked in a fretful
tone. ‘To be able to see nobody! And at that distance too!

‘The probability of success is difficult to estimate, but if we
never search the chance of success is zero.’

G. Cocconi and P. Morrison, Sept. 1959, Nature, 184.

» V. WHY ARE WE HERE?
We would like to think of ourselves as rational investigators
but of course we are not. Even scientifically constructed

worldviews don't come without emotions. We want to know

why we are here. Is there a point to all this — a purpose? Is
there any meaning in all this information about our place in
the Universe?

In one of the most cited passages in popular science at the
end of his book on the big bang model, Nobel Prize winner
Steven Weinberg muses:

‘Below, the Earth looks very soft and comfortable — fluffy
clouds here and there, snow turning pink as the Sun sets,
roads stretching straight across the country from one town

to another. It is very hard to realise that this all is just a
tiny part of an overwhelmingly hostile Universe. It is even
harder to realise that this present Universe has evolved
from an unspeakably unfamiliar early condition, and faces
a future extinction of endless cold or intolerable heat. The
more the Universe seems comprehensible, the more it also
seems pointless.’

Cheer up Steven! The Atlantic Ocean was overwhelmingly
hostile until Columbus found some beautiful Caribbean
islands on the other side of it. And remember the tombstone
of two amateur astronomers: ‘We have loved the stars too
fondly to be afraid of the night'. As to the Universe being
ame. The Universe
is only pointless to the degree that we insist it have a point.

pointless, I think our expectations are to bl

‘If there is no meaning in it," said the King, ‘that saves a
world of trouble, you know, as we needn't try to find any. *
(Alice in Wonderland, page 59 of Annotated Alice)

FURTHER READING
Astronomy

The Scientific Quest for
v 2000
or Extraterrestrial Life: A Boc

s, 1980
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