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Discovering the Universe

o ——————————————————

It containg over To you and me, the word ‘Universe’ suggests
a trillion trillion ¥ a vast space, full of bright stars. But our %
Planets. ancestors had very different ideas.

X

Ancient ideas

Today, we know that there is nothing special about our
place in the Universe: our Sun is just an ordinary star,
and the Earth is a very average planet. But ancient
people had no reason to think the stars were anything
like the Sun and assumed that they were small and
near—just above the clouds, perhaps. Because the Sun
crosses the sky by day, and the stars do the same
thing by night, they assumed the Sun and stars were
moving while the Earth remained still.

Stars work

like bmyl:lﬂ These long-ago people noticed that the noonday Sun is

pumps. highest in the sky in the summer and lowest in winter,
different patterns of stars are visible at different
times of year, and the Moon goes through a pattern of
changes of shape every 29% days. So, the sky could
tell people what time of year it was.
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[
Leavitt studied thousands of them, and found that : : el
'ﬂ' the brighter the cepheid, the longer its period. This ™ ' bright it IS with how
was useful to Hubble because it meant he could v hrightt i;:t :qu:f to wlﬂrk
I
measure distances to spiral nebulae. * g s

IN 1912, HENRIETTA
LEAVITT WORKED ON
CEPHEID STARS,

12 YEARS
LATER, HUBBLE
USED HER
CALCULATIONS.

.
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' GALAXY
illi f stars,
imei : A group of thousands !:lr millions 0
pc:'mn:lm h:l:i together by gravity. Qur own galaxy ‘;35

is called the Hilky Hay Galaxy.
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The lives
of stars

1. massive star

planetary
nebula

-

protostar

d. red dwarf

[ protostar
-
*
+
m 4. brown dwarf




THE SECRETS OF THE UNIVERSE {,} w SINCE THE BEGINNING

E:'f' Less than a second after all these particles and v Three minutes later, some of the neutrons and
antiparticles had appeared, almost every one of the protons had joined to form helium nuclei (which are
new particles of matter had encountered an antimatter made up of two protons and two neutrons). Other Pk
particle, and they had destroyed each other. protons remained separate, as did all the electrons.
e & For 380,000 years, the Universe was too hot for it
& these particles to develop any further, but it was

cooling all the time. Finally, when the Universe had

cooled to about 3,000 K, electrons could stick to
E:'F the helium nuclei to form helium atoms and to the
protons to form hydrogen atoms (a hydrogen
atom’s nucleus is just a proton).

Mysteriously, but very luckily for us, the Universe
originally had about one billion and one matter particles

for every one billion particles of antimatter, so there Until now, although the Universe had been
was a little matter left over from this enormous storm packed with high-energy radiation, it was also
of destruction. stuffed full of so many particles that this radiation
was trapped. But, as the electrons became parts
As the temperature of the Universe fell further, quarks of atoms, this radiation was set free.
Joined together, forming neutrons and protons. All this
happened in the first second of the history of the This radiation was infrared at the time, but it has
Universe. long since turned into microwaves: the CMB we met
Inside a " on pages 38-33.
TN
HELIYM ATOM Gy, "o
(not to scale) PR So, the oldest radiation that we can possibly detect
. P ™ proton comes from about 380,000 years after the Big
-~ g P 9% Bung. Can we ever look back to an earlier time than
neutron 8 £ ""‘"‘*—«.. - it
§ ) P.ia T oW N this? Thanks to gravitational waves (see page 26),  Y'p
quar '

o - B cleus ... perhaps we can. They could travel throughthe - ...
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Many, perhaps most, of this new generation of
stars had planets, which formed from billions of

orbiting dust particles that surrounded the stars,
making discs.

Why did these discs form? The stirring of the
cloud that started the clumping process meant
that there were trillions of dust grains rushing

around at high speeds.

Imagine one of these dust grains
speeding past a protostar.
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This timeline builds a picture of when the important events in the

study of the Universe happened.
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