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The BS B&ns Thtor\/

History of the Universe |

The Big Bang
0.000000000000000000000000000000000001
seconds after the Blg Bang

Ths univarss bagan with s vast sxplosion that
ganaratad spacs and tims, snd crested sl the mater
and soargy In the universe. Exactly what triggered this
sudden expansion remaing & mystery. Astronomers
balleva It Involved & runaway process caliad “inflation,”
In which 3 paculiar typa of anergy that exdsted In the
vacuum of spaca was suddsnly mobilized, The
Inflationary axpansion ended only whaen this snergy
was transformed Into more familiar forms of mattar
snd energy.

Ulimate High-Enargy Lab
1 second after the big bang

Aftar Inflstion ended in the first Uny fraction of a
sacond, the univerge continusd to expand but not
nawrly 80 guickly, As the universs coolad, tha mogt
bagic forces In nature emarged: Arst gravity, then the
strong force, which holds nuctel of atoms togathar,
foliowad by the weak snd slectromagnetic forces. In
Its firat second of existance, tha universs was made
up of fundumantal particdes, Including quarks,
elattrons, photons, and nsutrinos. Protors end
neutrons then began to form.

Basic Elaments Form
3 minutes after the big bang

In the next few minutes, tha universe as wa know it
took shape. Alrasdy Incomprehensibly inrpe, Its
protons snd nautrons came togather to form the
nuclel of simpls elements. That the universe remaing
jargely made up of thesa slements—hydrogen end
heltum~—is considered stvong avidence of the valldity
of the big-bang modal. .

From Hot to Cold
500,000 years after the big bang

For the pext 300,000 to 500,000 vears or 89, the
univarge ramsinsd an enormous doud of hot
expanding gas. When this gas had cocled to a critical
threshold, slectrons ware able & combina with
hydrogen and hallum nuciel, Photons no longar b
scattered, but rushed outward. Wa can still see the
photons  emitted from this period, but tme and
distanca have ghifted them Into microwave
wavelengths, Todey, this cosmic microwave
background radistion gives mstronornars B window
onto the ssrly universs. '

Birth of Stars and Gaiaxies
1,000,000,000 years after the blg bang

As tims movad forward, the pull of gravity exartad Its
Influanca an the asrly universa, It amplified slight
Irraguinritias in the density of tha primorcial gas. Even
as the univerta 38 » whole continuad to sxpand,
pockets of gas bacama more and mors dense. Stars
Ignitead within thase pockets. Groups of starw then
becams tha earllest palaxies. Moderm telescopes can
detect these primordisl gainxies ms they appssred
whan tha universs was only one bitlion years old, just
7 percant of Its prasent aga.

The Era of Quasars s
3,000,000,000 years after the big bang

From one billon to three billion yesrs aftar tha big
bang many smallar gelaxias marped Into lerger ones,
forming an array of shapss resambling spirals and
spheres (known Bs alliptical galaxing). Oftan tha
margar was so viclent that stars and gas collepsed
inte a common centar, bscoming so danse they
formed pigantic black holes, The gas flowing Imo
these biack holes bacame hot enough to glow bﬂg‘htlv
before It disappesred. The Upht of thase “quansrs
can be sesn acropy the dapths of tha universa.

Supermova 9933
- §,000,000,000 years after the big bang

Within galsxies, as stars were balng born, others
diad...often In snormous cataclyamic expiosions.
Thasa sxplosions, callsd supamovas, ara important
to tha evoiution of galaxies bascauss they distribute
all ths common slemants such as oxypen, carbon,
nltrogen, caldum, and Iron into intarstelter space.
Explogions of sspacially massive stary also create
and distributa heavier slamants such as geld, sliver,
lead, ,_m! uranium, '.“:Il Buparmova pld:ur!d hare Is of
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Birth of the Sun
5,000,000,000 years before the prasent

i :fh.ih Bn l|hrmld within » cloud of gas In » spiral arm
I a Mil
| that swirled around this new star coalesced into
| pianets, moons, and usterolds.

| The image on the left, from the Hubble Space

Way galaxy. A vast disk of gas and debrk

Telescope, shows a star In the throes of birth.
Powerful jets of radlation roar out of its poles,
lighting up I_:he surrounding environment.

Galaxinz Collide

| 3,000,000,000 years in the future

Astronomers estimate that In pbout three billlon
years, our Milky Way galaxy wili ba swallowad up by
ans of Its nearest risighbors, a large galaxy named
Andromeds that lies 2.2 mililon light-years away.
Dapanding on their pathways, thasa two galaxias will
alther marge into a single gigantic galaxy or rip each
other apart, sanding milllont of stars Bke our sun
hurling Into space. One such titanic coliiglon Involving
fwr I.qr-lllxlu, 300 mllllen light-years away, |s picturad
at le

Galxxies Digappear )
100,000,000,000 years In the future

If recant obsarvstions of cosmic actalerstion are
corract, than the "vacuum energy” thet Is smarging In
tha universs will continue to overtake the pull of
from matter, This means that, in the future,
gravitationally bound clusters of galaxies will survive
but gelaxias  ganaral wili fly ever mora rapidly apart.
Eventually our nearest unbound naighbors will be so
far sway that they will no longer bs ssen, evan with
blg telascopes. But this will be so far In the future
that our sun will have long since bumad out and our
Earth diag with k&

Stellar Era Ends
1,000,000,000,000 years in the future

During this ars, which will last from 100.billon years .
to one trillion years sfter tha big bang (and Is the ere
we ara currently in), most of the energy genaratad by
the universe will be In the form of stars burning
hydropen and other slamants In their cores. This long
pariod will give way to an even longer, lingering death
for our univarss.

The Deganerate Era
10,000,000,000,000,000,000,000,
000,000,000,000,000 years In the future

This ars axtends to ten tritllon triflion trilllon ysers
after the blg bang. Most of the mass that we can
currantly see In the universe will ba contalned In sters
that have blown up and collapasd into biack holes
and nautron stars. Or it will be locked up In brown
dwarfs snd planats that never triggered nuclear fuskon,
or |n stars that withered Into white dwerfs, With stars
no longer actively burning, energy In this era s
genarated through proton decay snd particls
annthilation,

Thu Black Hole Era :
10,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,
000,000 years In the future

This ere' axtands to tan thaussnd trillion trilllon trillion
trillion trillion triflion trilllon trillion yasrs after the big
bang. ARtar the spoch of proton decay, the only star-
ke objects ramaining are black holas of widely
varying masges, Thelr wnargy Is steadlly evaporsting.

Tha Dark Era
>10,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,
000,000,000 years In the future

At this late stege, protons will have decaysd and

biack holes will hava aimost complataly avaporatad.

Only tha byproducts of thess processes remain:

mostly nsutrinos, slactrons, poattrons, and photons

of enormous wevelangths, For all Intants and

r:rpu:.ﬂ the universe a5 we lnow it will have coma
Aan



