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Origins of the Universe
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Origins of the Universe

o ccording to the Boshongo people of central
Africa, in the beginning there was only darkness,
water,and the great god Bumba. One day Bumba, in
pain from a stomach ache, vomited up the sun. The
sun dried up some of the water, leaving land. Still in
pain, Bumba vomited up the moon, the stars,and then
some animals. The leopard, the crocodile, the turtle,
and, finally man.

Shis creation myth, like many others, tries to
answer the questions we all ask. Why are we here?
Where did we come from? The answer generally
given, was that humans were of comparatively recent
origin, because it must have been obvious, even at
early times, that the human race was improving in
knowledge and technology. So it can’t have been
around that long, or it would have progressed even
more. For example, according to Bishop Usher, the
Book of Genesis placed the creation of the world at 9
in the morning, on October the 27th,4,004 BC. On the
other hand, the physical surroundings, like mountains
and rivers, change very little in a human life time.
They were therefore thought to be a constant
background,and either to have existed for ever as an
empty landscape,or to have been created at the same
time as the humans.

o#ot everyone however, was happy with the idea
that the universe had a beginning. For example,
Aristotle, the most famous of the Greek philosophers,
believed the universe had existed for ever. Something
eternal is more perfect than something created. He
suggested the reason we see progress, was that
floods, or other natural disasters, had repeatedly set
civilization back to the beginning. The motivation
for believing in an eternal universe, was the desire to
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avoid invoking divine intervention, to create the
universe, and set it going. Conversely, those who
believed the universe had a beginning, used it as an
argument for the existence of God,as the first cause,
or prime mover of the universe.

gt one
beginning, the obvious question was: What happened
before the beginning? What was God doing before He
made the world? Was He preparing Hell for people

believed that the universe had a

who asked such questions? The problem of whether or
not the universe had a beginning, was a great concern
to the German philosopher, Immanuel Kant. He felt
there were logical contradictions, or Antimonies,
either way. If the universe had a beginning, why did it
wait an infinite time before it began? He called that
the thesis. On the other hand, if the universe had
existed for ever, why did it take an infinite time to
reach the present stage? He called that the anti
thesis. Both the thesis,and the anti thesis, depended
on Kant’s assumption, along with almost everyone
else,that time was Absolute. That is to say, it went

FFIRiEFT . AR AT 0 B A T 4 Y
NS FETF o 24 40 b A A 9B B B
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A R At 2 BERE B TG R A B ik (1] A 3k 3
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from the infinite past, to the infinite future,

P FH A AFLE, Al IARFFTE .

independently of any universe that might or might not

exist in this background.

Ghis is still the picture in the mind of many
scientists today. However in 1915, Einstein introduced.
In his revolutionary General Theory of Relativity
this, space and time were no longer Absolute, no
longer a fixed background to events. Instead, they
were dynamical quantities that were shaped by the
matter and energy in the universe. They were defined
only within the universe,so it made no sense to talk of
a time before the universe began. It would be like

HERE . FZREZB L PR
R X FE 69 I . SR, 2 B S R A
19154E 4 ) T Fdp k9 ) LA X . )
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Origins of the Universe

asking for a point south of the South Pole. It is not
defined.

4t the universe was essentially unchanging in
time, as was generally assumed before the 1920s,
there would be no reason that time should not be
defined arbitrarily far back. Any so-called beginning
of the universe, would be artificial, in the sense that
one could extend the history back to earlier times.
Thus it might be that the universe was created last
year, but with all the memories and physical evidence,
to look like it was much older. This raises deep
about the
existence. I shall deal with these by adopting what is
called, the positivist approach. In this, the idea is that
we interpret the input from our senses in terms of a

philosophical questions meaning of

model we make of the world. One can not ask whether
the model represents reality,only whether it works. A
model is a good model, if first it interprets a wide
range of observations,in terms of a simple and elegant
model. And second, if the model makes definite
predictions that can be tested, and possibly falsified,
by observation.

e have made tremendous progress in
cosmology in the last hundred years. The General
Theory of Relativity, and the discovery of

theexpansion of the universe, shattered the old
picture of an ever existing,and ever lasting universe.
Instead, general relativity predicted that the universe,
and time itself, would begin in the big bang. It also
predicted that time would come to an end in black
holes. The discovery of the cosmic microwave
background,and observations of black holes, support
these conclusions. This is a profound change in our
picture of the universe,and of reality itself.

® BN P i, SN S
arbitrarily adv. 1T & i#h
positivist adj. SZiF ¥ X
cosmology n. FHIT ¥, FHiL

shatter v. ¥
big bang K Kz
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olthough the General Theory of Relativity,
predicted that the universe must have come from a period

BT XA BT E, FH K
BT E— iR, HR

of high curvature in the past,it could not predict how the

B BE T 5 6 4 A 78 KR A P

universe would emerge from the big bang. Thus general
relativity on its own,can not answer the central question
in cosmology, Why is the universe, the way it is.
However,if general relativity is combined with quantum
theory,it may be possible to predict how the universe

would start. It would initially expand at an ever increasing
rate. During this so called inflationary period, the
marriage of the two theories predicted that small
fluctuations would develop,and lead to the formation of
galaxies, stars,and all the other structure in the universe.
This is confirmed by observations of small non uniformities
in the cosmic microwave background, with exactly the
predicted properties. So it seems we are on our way to
understanding the origin of the universe, though much more
work will be needed. A new window on the very early

B KR — R, ST SCAR X 8 LA fiE
file DR T A B B[R] A, O A
LeiX e, SR, SRR T SCAH X
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universe, will be opened when we can detect gravitational
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waves by accurately measuring the distances between space

BT AR O R R

craft. Gravitational waves propagate freely to us from
earliest times, unimpeded by any intervening material. By
contrast, light is scattered many times by free electrons. The
scattering goes on until the electrons freeze out, after
300,000 years.

Despite having had some great successes, not
everything is solved. We do not yet have a good
theoretical understanding, of the observations that the
expansion of the universe, is accelerating again, after a
long period of slowing down. Without such an
understanding, we can not be sure of the future of the
universe. Will it continue to expand forever? Is inflation a
law of Nature? Or will the universe eventually collapse

- —— — —

1%, 51 Bk B e o 1) B A7 1% 4 , B
A A B Y AR T AR . A X R
Ui, B BT R 2 W O Ot
KRR O & — B RFEE R 30 T4
JG TR BELS Z A
RERMNELMBT —&MHKX
B ERFAR—VIEBE T W
. FATEE R, T 5 WYk ) 3 B 7E
KRR Z G, XERm#E. T
RNREEARERE. BARIER,
MEEREFHORK. FHLES
fkgk IR MY AKG? MRk B R E
g7 s UL R T 2 SR

curvature n. 25 i , i %

quantum theory fit i

inflationary adj. & B¢ i i Y , i 5% B ik 151 1) B4
fluctuation ». ¥ zh, R

uniformity n. [@HE, —3

property n. ¥ J&

PAGE ]

gravitational wave & 71 3% , 3| J1 I
propagate v. 144

unimpeded adj. # 3% BH 1k /9 , 8 52 B B A% A4
intervening adj. & @y, 46 A M

free electron [ i H F

scattering n. #(4}



Origins of the Universe &}

SHNER et

again? New observational results, and theoretical A% 7 37 it LI 4% SR 70 33 i) ik 25 IE 7 i
advances, are coming in rapidly. Cosmology is a very i3k, FH % E—NWsh AL ET
exciting and active subject. We are getting close to ¥iiE /7 B4R . FRATIE 76 #E3T [ 2 X
answering the age old questions. Why are we here? i ZME0. AT 27X HE? ]

Where did we come from? MR T 26 7
Ghank you for listening to me. Ui IR A
L o MR SHE feisiaiaiaiaia

m That is to say, it went from the infinite past, to the infinite future, independently of any
universe that might or might not exist in this background.

o M5 that is to say % A HLBE O AL I A T X, ROV 40 4 L, SE 6 V) b

BL” ) F o i from. . . to. . . P AN A (8] A BP . PR A i 2 RN R PR MY R K . independently
of BB R “PUIL T eee e AR oo TAFTE”

« BEFEN LR UL, A A TG R R i 2 i) T PR AR SR M Bh . A (] A 52 T 2R XA
HWRT F 8T LAETE AT AARFETE

B oIthough the General Theory of Relativity, predicted that the universe must have come
from a period of high curvature in the past,it could not predict how the universe would
emerge from the big bang.

« BEMSHT 0 although 3] Sik 4R 1B M 4], FR“ B AR -+, B -+ " General Theory of

Relativity & R“S~ SCHIXT ", B % D5 57 38 F LU 8 5 @2 MR e 51 38, A T % X
HIXT I A A=  J7 A 51 F1 B K 5| 0 e oA AR R e 25 o ) S 5 R T T ) N 2, AR
RIEEM FEI N R—FIHBE.
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n A new window on the very early universe, will be opened when we can detect gravitational
waves by accurately measuring the distances between space craft.

« MR HT ) when 7E4] 5| Gt (R 1 M 4T, by 5| § 7 ROR i M4 . gravitational waves
= gravity wave 58T J7 U7, o 167 4800 B BN 2 R HY H R AR 5 R RE A R R 4 490 4 o e
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