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4)a) The universe is actual believed to | '
be billions of years old; age can be 4
estimated in two main Ways.
Astronomers think of the aniverse as

consisting of galaxy clusters which are
moving away EIEE*EEEF"EEHEE’iéth velocities a

5 al to the distances between Thog. Mitar phinase ot prdbebly
This implies a begi q en all the o Mtwwgﬁ--! & nmnd 1}
contents of the universe were in the Same My vemdivy  PTO

place at the same time. We can £ind an .
upper limit for the time since the K g Mp{af.p', o Lendat
beginning by dividing the distances between i
the clusters by the speeds at which they L

are moving apart, resulting in a figure of

10 - 20 billion years; the uncertainty is

due to that we do net know very well the

distances between clusters,

We believe the universe's oldest .Y
stars, of which those in small ancient star Accuney
groupings (globular clusters) in the Milky LY
way are typical, to be 12 - 14 billion Mﬂ z 'EL

¥ears old, which sets a lower limit to the

universe's age, since it must be older than é ‘L?}f

the ‘stars it contains. Adsam®tD . S
Both methods imply an age for the

universe greater than 10 billion years,

CliSeveral independent pieces of evidence "
suoport big bang theory: wr bl Fo

e = e L
#* The universe §s Exp&ﬁding} as if v A g, e o
it's"parts were thrown ocut from an al hmlfﬂrﬁ 1’
explosion. e 1 : & 7
Wi L r ¥ 5 i

* The universe i= hathed in a sea of

Cool radiation. The "temperature" of : dt&
radiation decreases with increasing N.D,- ¥ i] %L{ﬁl S!
wavelength. The wavelength has increased Ak vy Lomep {44 9-31’1.--'.,4.{3:;.
in proportion to the size of the universe, Al ol WW s
as surely as if it were made suspendead — p - 5ok
between the uniyerse nds and was K o v amgivadivad
stretched as'fﬂgiﬁﬁfﬁgigf_gﬁﬁihded. The
radiation is an echo of the fireball in
which the universe formed. fﬁ\

* We can estimate the proportions of ]_HH?- M‘."j Al {ﬂ

different chemical elements which would .

have formed had there been a big bang, and .MC m“HW‘"r 44 kg uﬁmd
these are similar to those we have detected 3 ¢

in deep space. Ve Hep Hfacs M‘*-*Jc-«“é'

Not so long ago we thought the
universe had existed forever, but these

three pieces of evidence, pointing to the T M“ }M-{iﬁ,

same Cconclusion, are so compelling -that we .H” ,
now think the universe formed in a At Ly
fireball, in which all matter, and time and >
Space was created. This we call the big

bang. Bci. [%
cr. ¥
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