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“In the beglnnlng % “The cosmos is ail :

‘God created the o . thatis, or was, or
: Heavens and the ok f_ _‘ . ever Wlll be.”

Earth MLl i Sagan, Cosmos 1 1 -
'_God Genestsl 1 e '

The Kalam Argument
A That WhICh Begins: to Exist Has a Cause_ :
. B. The Universe Began to EX|st :

C Therefore The Unlverse Has a Oause
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Stellar

Galactic First Galaxies ‘ A COT'ItI’O”ed and 23
1015 - 102 purposeful explosion:that
Atomic Atoms form, matter photon decoupling started'the. universe:
i . Muclest w Y Formation of light elements - Y a
L | . a
Lepton Electron, muons, etc. in eguilibrium The _UﬂIV'eESG expands_
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is being. inflated. -
"Heavwy particles in equilibrium swith = . X
1025 [ 1022 the radiation field B et STy
Hadnn Scientists:now think. the
Joasl 107 —_— universe literally “inflated”
E-M, Wieak, & Strong forces unified ear|y_in its history', then
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S on_ie Observational Tes t_‘é

precession of Mercury’s orbit.

E MERCURY'S ORBIT

GRAVITATIONAL DEFLECTION OF LIGHT

During the eclipses, the beam of light

for the
of the star ap

GRAVITATIONAL WAVES

o :

[Image credit: K, Thorne L T. Carnalian] s

Hulse-Taylor binary pulsar: experimental confirmation

of gravitational waves (it is an indirect detection)

The binary pulsar consists of two neutron stars
revolving around each other. With high-precision

pulse timing Hulse & Taylor were able to
conclude that:

the orbit is shrinking

[from Weisberg, Taylor oI Fowler 1981]

Shrinking — energy loss

Rate of energy loss found to be in p

of General Relativity for en
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- Singularity Theorems

rgar &

Singularity Theofems’shov(/ that the | Hawking_penmge (T@
lifetime of components of the . . ey St 51,258 S
universe (like mass & light) cannot: e

The Singularities of gravitational collapse and cosmology

be extended.into: the infinite past. | R

Institute of Theoretical Astronomy, University of Cambridge =

Therefore'the universe hada " .

Department of Matkenatics, Birkbeck College, London

beginning. : '

} (Commanicated by H. Bondi, F.R.S.—Received 30 April 1069)

A new theorsm on space-time singularities is presented which largely incorporates and
generalizes the pravicusly mown results. The theorem Tmplies that space-time singulacities
sre to be axpected if cizher the universe is spasially closed or there is sa "object’ undergoing
relativistic gravitasional collapse (existanca of a trapped suxface) or thers is a point p whose
past null cone encounters sufficient matter that the divergeaca of the aull rays through p
changes sign somewhere to the gast of 7 (L.e. there s aminimum apparsnt solid aagle, ss viewed
from p for small objects of given size). The theorsxm applies if the following four physical
assumptions sre msde: (I} Einstein’s aquations hold (with zero or negative cosmological coa-
stant), (ii) the energy density is nowhers less than minus esch prineipal pressure nor less
thar minus the sum of tha three principal pressures (tka ‘energy condition’), (iif} there are
1o closed timelilke curves, (iv) avery timelils or aull gzodesic extecs a ragion where the curva-
ture is not spacially alined with the geodesic. (This lasi condition would hold in any sufficieatly
genexal physically realistic model) In common with earlier results, timelike ar aull geodesic
incornpleteness i3 usad hers as the indication of the presence of space-time singularities.
No assumption conceraning existence of & global Cauchy hypersurface i3 required for the
present theorem.

Borde-Guth-Vilenkin (2003)

Inflationary imes are not past-complete

n H. Guth,!
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Summary

: ':é:j 5 The' ‘Ka|am Argument’ shows that if the

universe began-tb-emst then |t has ~an
external cause (i.e. super—to nature)

: ke The Chrlstlan truth clalm suggests just
such a creatlon-ex-mhllo or ‘*‘creatlcn from
nOthlng,, : . _' ﬂ _' '.-_t _' . ':'Z .'
Observatlonal ewdence suggests that our i
A unlverse had just such a beglnnlng _H.'. ';
Theoretlcal calculations suggest that the e
umverse had just such a beglnnlng i
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. ' Hence the answer to :the orrgln puzzle

- ‘could weII be that God created the unlverse
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