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Can the Universe Create Itself?

'Seience must provide a mechanism for the universe to
come into being.’ John Wheeler

We usually think of causes as preceding their effects. It is i
 therefore natural to try and explain the universe by appealing -
{o the situation at earlier cosmic epochs. But even if we could.
explain the present state of the universe in terms of its state a
billion years ago, would we really have achieved anything, except
moving the mystery back a billion years? For we would surely
want to explain the state a billior years ago in terms of some
still earlier state, and so on. Would this chain of cause and effect
ever end? The feeling that ‘something must have started it all
off’ is deeply ingrained in Western culture. And there is a
widespread assumption that this ‘something’ cannot lie within
the scope of scientific inquiry; it must be in some sense super-
natural, Scientists, so the argument goes, might be very clever
at explaining this and that. They might even be able to explain
everything within the physical universe. But at some stage in
the chain of explanation they wilt reach an impasse, a point
beyond which science cannot penetrate. This point is the cre- 3

atiori ‘'of the universe as a whole, the ultimate origin of the
physical world, ‘
This so-called cosmological argument has in one form or
another ofien been used as evidence for the existence of God.
Over the centuries it has been refined and debated by many
theologians and philosophers, sometimes with great'subtlety.
The enigma of the cosmic origin is probably the one area where
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meaningful historical progression — the Fall, the Covenant, the
Inearnation wnd Resurrection, the Second Coming — pervades
these'religions, and stands in stark contrast to thé Greek notion
- of the eternal teturn, In their anxiety to adhere to linear, rather
thar eyclic, time; the early Churéh Fathers denounced the cyclic
world view- of the pagan Greek philosophers, notwithstanding
their general admiration for al} Greek thinking, Thus we find
Thomas Aquinas acknowledging the power of Aristotle’s philo-
sophicalrargurients that the universe must always have existed,
But appealing-for belief ina cosmic origin on biblical grounds.
.:AXey feature of the Judeo-Christian creation doctrine is'that
the Creator is ‘entirely separate from and‘independent of his
creations that is, God’s existence does notantomatically ensure
the existence of the universe; as in some pagan schemes where
the-phiysical:world emanates from the Creator as an automatic
extsnsionof hisbeing, Rathet; the universe came into existence
ata definite instant in'time ay an-act of detiberate supemamral
creation by amalready existing being.

Straightforward though this'concept 6f creation may seemy; it
mnsed inténse: doctrinal” dispute over the- centuziesy -partly
bécause thie old“texts are somewhat vague on the matter. The
biblical description of Genesis, for example, which drew hieavily
on' earlier -creation myths from the Middle East,is lonig.on
poetryand short on féctual details, No clear indication is given
of whether God merely brings-order to @ primordial chaos, or
creates matter and light in a pre-existing void, or does sonething
even more‘profound. Uncomfortable questions abound, What
was Goddoirig before:Tre created the universe?” Why- did" he
create it at that moment in time rather than-some other? If he
had been:conterit to endire for etemity without a universe,
what cansed him to ‘makeuphis mind’ and create one?

~'The bibleleaves plenty of room for debate on these issues.
And «debate ﬂ:ere certainly has been. In fact, much-Christian
doctrine concerning the'creation was developed long after Gen-
esis-was written, and was influenced as much by Greek as by
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primordial chaos. (‘Cosmos’ literally means ‘order’ and ‘beauty’;
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Judaic thought, Two issues in particular are of interest from the
scientific point of view. The first is God’s relation to time; the
second is his refation to matter.

The principal Western religions all proctaim God to be eter-
nal, but the word ‘eternal’ can have two rather different mean-
ings. On'the one hand, it can mear that God has existed for an
infinite duration of time in the past and will continue to exist
for an infinfte duration in the future; ot it can mean that God
is outside of time altogether. As I mentioned in chapter 3, Saint
Augustine opted for the latter when he asserted that God made
the world ‘with time and not in time.” By regarding time as part
of the physical universe, rather than something in which the
creation of the universe happens, and placing God right outside
jt altogether, Augustine neatly avoided the problem of what
God was doing before the creation.

This advantage is bought at a price, however. Everybody can
see the force of the argument that ‘something must have started
it all off.” In the seventeenth century it was fashionable to regard
the upiverse as a gigantic machine that had been set in motion
by God. Even today, many people like to believe in God’s role
a5 a Prime Mover or Pirst Cause in 2 cosmic chain of causation.
But what does it mean for 2 God who s outside of time to cavse

ing? Because of this difficulty, believers in a timeless God
prefer to emphasize his role in upholding and sustaining the
creation at every moment of its existence. No distinction is
drawm between creation and preservation: both are, to God’s
timeless eyes, oneand the same action.

God’s relationship to matter has similasly been the subject of
doctrinal difficulties. Some creation myths, such as the Baby-
jonian version, paint a picture of the cosmos created out of

the Jatter: aspect survives in the modern word ‘cosmetic.’}
Avcording to this view, matter precedes, and is ordered by, a
supernatural creative act. A similar picture was espoused in
classical Greece: Plato’s Demiurge was restricted by baving to
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work-with already existing-material. It was also the position
taken by the Christian Gnostics; who regarded matter as cormipt,
and therefore a product of the devil rather than God.

Actually; the: blanket usevof the word ‘God’ in these dis-
cussions: can.-be rather confusing, given the wide variety-of
theological schemes that have been proposed throughout his-
tory.-Belief in-a- divine being who-starts the umiverse off:and
then sits back? toswatch events-unfold, taking no-direct partin
subsequent-affuirs:is-known as*deism. Here:God’s nature is

captared by thesimage of-the- perfect watchmaker; a sort'of

cosmic engineer;who designs and constructsa vast and ‘elabor-
ate mechardseand-then-sets it going, In contrast-to-deism is
‘theism,’ belief.in 2:God who is creator of the universe, but who
dlso remains directl-involved in the day-to-day running of the
world, especially ‘the affairs of humanbeings, with whom God
maintains:a continuing personal relationship andguldmg role.
In-both deisin andstheism 2 sharp distinction is'made between
God-and- the: world;-between “creator -and creature. God is
regarded -as wholly other-than, and beyond; the physical uni-
verse, althougfy he-is still ‘responsible for that universe. In the
systemn known'-ds. “pantheism," no -such separation is made
betweenr God and:the physical universe. Thus God is identified
with natire: itself: everything is part-of God, and God is in
everything-There-is also ‘panentheism,” which resenbles pan-
theism-in that the universeis part-of Godybutin whickit is not
all of God: Onesmetaphor is that of the-universe as God’s body.

Finally, a number of scientists have proposed-a-type of God
who evolves within the universe, eventuallybecoming so power-
ful he-resembles -Plato’s ‘Demiurge: -One can erivisage, for
example, intelligent life or even'machine intelligence gradually
becoming more advanced ‘dnd spreading throughout the cos-
mos, gaining control over larger-and-larger portions until its
manipulation of inatter andenergy is so refined that this intelli-
gence would be indistinguishable from nature itself, Such a
God-like: mteﬂigencc could develop from our'own descendants,
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or even have developed already from some extraterrestrial com-
munity or conrunities. Fusion of two or more different intelli-
gences during this evolutionary process is conceivable. Systems

. of this sort have been proposed by the astronomer Fred Hoyle;

the physicist Frenk Tipler, and the writer Isaac Asimov. The
‘God’ inr these schemes is clearly less than the universe and,
though mmensely powerful, is not omnigotent, and cannot be
regarded as the creator of the universe as a whole, only of
part of its organized content. (Unless, that is, some peculiar
arrangement 'of backward causation is introduced, whereby the
superintelligence: at the end of the universe acts backward in
time to'create that universe, as part of a sclf-consistent causal
loop. There are hints of this in the ideas of physicist John
‘Wheeler. Fred Hoyle has also discussed such a scheme, but not
in the context of an all-embracing creation event.) | '

Creation from Nothing

The pagan creation myths assume the existence of both material
stuff and a divine being, and so are fundamentally dualistic. By
contrast, the early Christian Church settled on the doctrine of
‘creation ex nihilo,’ in'which God alone is necessary. He is taken
to have creafed the'entire universe from nothing. The origin of
ali things visible and invisible, including matter, is thus attrib-
uted toa‘free creative act by God, An important component in
this doctrne is God's omnipotence: there is no limitation to his
creative power, as was the case with the Greek Demiurge. Indeed,
not only is God not limited to work with pre-existing matter,
he is not limitéd by pre-existing physical laws either, for part of
his creative'act was to bring those laws into being and thereby
establish the order and harmony of the cosmos. The Gnostic
belief that matter is corrupt is rejected as being incompatible
with the Incarnation of Christ. On the other hand, neither is
matter divine, as in pantheistic schermes, where alf nature is
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infused with God’s presence. The physical .universe ~ God's
¢reature — is'regarded as distinct and separate from its creator.
- Theimpertance of the distinction between creator and crea-
ture in-this’system is that the ¢reated world depends absclutely
for its existence on the creator. If the physical-world itself were
divine, orsomehow emanated directly from the creator, then it
would share the-creator’s necessary existence. Butbecause it was
created fromyatothing, and becanse the creative act was a free
chaice-of the creator, the universe does not have, to exist.. Thus

- Augustine writes:*Yon-created something, and that something

cut-of nothing. You made heaven and earth, net cut of yourself,
for then theywouklhavebeen equal to your Only-begotten, and

- through:this:equal -also to-you,™ The most obvious distinction

between .creator- and -creature - is . that- the creator ‘is eternal
whereas the:created world has. a beginning. Thus the .early
Christian theologian Iranaeus wrote: ‘But the things established
are distinct from Him who has established them, and what have
been made from Him who has made them.-For He is Himself
uncreated, both-without beginning and end, and lacking noth-
ing..He: is:Himself sufficient for this very thing, existence; but
the thingsiwhich. have heen made by Him- have received 2
bcgmnmg bt

Even -today. there remgin dectnnal -differences mthm -the
mainbranchesofthe Church, and still greater differences among
the various world-religions, concerning themeaning of creation.
These-range from the-ideas of Christian and Islamic fundamen-
talists, based .on aditeral interpretation of the traditional texts,
to those of radical Christian thinkers who prefera totally abstract
view- of creations Butall agree that in one sense or another the
physical-universe:on its-own-is;incomplete..It-cannot explain
itself: Jts- existence-ultimately. demands something outside of

itself,-and can beunderstond only from its dependence on'some

form of divine influence; .«
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- The Beginning of Time

Turning to the sclentific position on the origin of the universe,
ore can-again ask about the evidence that there actually was an
origin. Itis certainly possible to conceive of a universe of infinite
duration, and for much of the modern scientific era, foltowing
the'work of Copernicus, Galileo, and Newton, scientists did in
fact generally believe in an eternal cosmos, There were, however,
some paradoxical aspects to this belief. Newton was worried
about the corisequences of his law of gravity, which holds that
all matter in-the universe attracts all other matter. He was
puzzled about why the whole universe does not simply fall
together'into one great mass. How can the stars hang out there
in space forever, unsupported, without being pulled toward each
other By their miitual gravitational forces? Newton proposed an
ingenious‘solition. For the universe to collapse to its center of
gravity, théré has to be a center of gravity. If, however, the
univérse weteinfinitein spatial extent, and on average populated
uniformly by stars, then there would be no privileged center
toward whicli the stars could fall. Any given star would be tugged
similarly inall directions, and there would be no resultant force
in any given ditection.

This solution is not realiy satisfactory, because it {s mathemat-
ically ambiguous: the various competing forces are all infinite
in magnitude. So the mystery of how the universe avoids collapse
kept recurring, ‘and persisted into the present century. Even
Einstein® was~perplexed. His own theory of gravitation (the
general’ theor}r of relativity) was formulated in 1915, and almost
imnediately “fixed up’ in an attempt to explain the stability of the
COSEROS, " The fix consisted of an extra term in his gravitational-
field equations corresponding to a force of repulsion ~ a type of
antigravity. If the strength of this repulsive force was tuned to
match’the-pravitational pull of all the cosmic bodies on each
other, attraction and repulsion could be balanced to produce a
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static universe, Alas, the balancing act turned out to be unstable,
50 that the merest disturbance would cause one or the.other of
the competing forces to wiri out, either dispersing the cosmos
in-a-runaway outward rush, or sending it crashing inward. -
Nor was the collapsing-cosmas miystery the only-problem
with:an eternal universe, There was also -something called
Olbers’ paradox, which concerned the darkuness of the night sky.
The difficulty here was that, if the universe js infinite in spatial
extent as well as-in age, then light-from an infinity of stary will
be pouring -down upon the Earth from the heavens. A simple
caleulation. shows that the sky could not be dark under these
circumstances. The paradox can be resolved by assuming a finite
age for: the universe;.for in that case we will be able to see only
these stars-whose light has. had time to travel across space-to
Earth since the.begipning... ...~ -. -, ' .
Today, we recagnize that no'star could keep burning forever
anyway.-It- wonld run-out of fuel, This setves to illustrate.a-very
general principle: ag eternal universe is-incompatible with the
continuing existence of irreversible physical processes, Ephysi-
cal systems canmndergo irreversible change ata finite rate, then
they willshava:completed: those changes. an: infinite, time ago.
Consequentlyiwe could not be witnessing such changes.(such
as the production and: emission-of starlight) now..In-fact, the

physica}umimrseabﬂunds-vdthf.irrevarsiblepro;m-lnmme ‘

tespects.it dspatherdike aclock slawlyrunning down; Just.as a
dockcannotkeep runningforever; so theuniverse cannpt-have
bees ‘running’ forever without being. ‘tewauad” o

-~ These problemsbegan toforce themselyes on scientistsduring
the: mid-nineteenth.<entury, ;Untl then -physicists. had;-dealt
with laws that-are symmetric-in.time, displaying no favoritism
betwesn-past-and future: Then the.investigation. of thermody-
namic processes changed that for good-Atthe heart of therio-
dynamics-lies- the second. law, which- forbids heat to- fow
spontaneously. from cold to hot bodies, while allowing it tp flow
from hot to cold. ‘This faw is therefore notreversible: it imprints
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upon the universe an arrow of time, pointing the way of uni-
directional change, Scientists were quick to draw the coriclusion
that the universe is engaged in a one-way slide toward a state of

- thermodynamic equilibrium. This tendency toward uniformity,

wherein temperatures even out and the universe settles into a
stable state, became known as the ‘heat death, It represents a
staté of miaximum molecular disorder, or entropy. The fact that
the universe has not yet so died - that is, it is still in a state
of less*than-maximum entropy — implies that it cannot have
endured for all eternity.

In the 19205 astronomers discovered that the traditional pic-
tuteof a static universe was in any case wrong. They found that
theuniverse is, in fact, expanding, with the galaxies rushing
away ffom each other. This is the basis of the well-known
big-bang theory, according to which the entire universe came
into existence abruptly, about fifteen billion years .ago, in a
gigantic explosion, The expansion seen today can be regarded
as a vestige of that primeval outburst. The discovery of the big
bang has often been hailed as ‘confirmation of the biblical

account of Genesis, Indeed, in 1951 Pope Pius XIf alluded to it

in'an address to the Pontifical Academy of Sciences, Of course,
the big-bang scenario bears only the most superficial resem-
blance to Genesis, so that the latter has to be interpreted in an
almost completely symbolic way for any connection to be made.
About 'the biest that can be said is that both accounts demand
an abrupt rather than a gradual beginning, or no beginning at
all, :
The big-bang theory automatically evades the paradoxes of
an eternal cosmos, Because the umiverse Is finite in age, there are
no problems-with irreversible pracesses. The universe evidently

gan, in some sense, ‘wound up,” and is currently still busy
unwinding. The night sky is dark because We can see only a
finite-distance into space (about fifteen billion light-years), this
being the maxitum distance-from which light has been able to
travel to Earth since the beginning. Nor is there a difficulty
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abontﬂreunimoaﬂapm’ngmdﬂi{sownweight, Becaunse the
galaxies are flying apart, they avoid falling together, at least for
a while. ‘ T

- Nevertheless, the theory solves ane set of problems only to
be confronted by another, not least of which is to explain what
caused the big bang in the first place, It is here that we enconnter

an important subtlety.about the nature-of the big bang. Some

popular actounts give the impression that it was the explosion
of:a concentrated: Jump of matter located at-some particular
place in 2 pre-existing void. This is badly misleading.- The

big-bang theory.is-hased on Einstein’s general theory of refativ- -

ity.- One-of the main-featires: of general:relativity is that-the
affairs-of matter cannot be separated from the affairs of space
and fime. It is-adinkage that has profound implications for the
originiof :the: universe.; If: one: imagines ‘running the- cosmic
movie backward, thesrthe galaxies get closer and closer together
until:they merge-Then the galactic material gets squeezed more
and -more.umtila:state of enormous density is reached. One
mighit-wonder whether there is any-limit to-the degree-of com-
pression asawe passback to the moment of explosion,

It is. easy.to:see-that there can:be no simple limit: Suppose
that-there-were:a:state.of maximum compression. This-would
imply the-existence: of some sort of outward foree to overcome
the enormous, gravity; otherwise. gravity would win, and the
material would.be still.more compressed: Furthermore, this
outward: force- wonld-have.to be truly enormous, becanse the
inward force of gravity rises without limit as the compression
rises. So what-could-this stabilizing force be? A type of pressure
or material; stiffness, perhaps ~-who knows what forces nature
might:.deploy:-under .such.-extreme conditions? However,
although ‘we:do -not know-the details of the, forces, certain
general -considerations -must still apply.. For example, as.the
material -gets-stiffer and stiffer, so. the speed-of sound in the
cosmic material gets faster. It seems clear that, if the stiffness of
the primeval cosmic material were to become iarge enoungh, the

i i
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speed of sound would exceed the speed of light. But ‘this is
strictly contrary to the theory of relativity, which reguires that
no physical influence should travel faster than light. Therefore,
the material cannot ever have been infinitely stiff. Consequently,
at some stage during the compression, the force of gravity would
have been greater than the stiffness force, which implies that
the stiffness would have been unzble to contain “gravity's
compressing tendency,
~ The conclusion that was drawn concerning this tussle between
primeval forces was that, under conditions of extreme com-
pression such as occurred during the big bang, there is no force
in"the universe capable of beating off the crushing power of
gravity. The crushing has no limit. If the matter in the universe
were spread uniformly, then it must have been infinitely com-
pressed at the first moment. In other words, the entire cosmos
would have be¢n'squeezed into a single point. At this point the
gravitational force; and the density of material, were infinite. A
point of infinite compression is known to mathematical physi-
cists as a “singularity.”

Although one is led on quite elementary grounds to expect a

‘singularity at the arigin of the universe, it required a mathemat-

ical investigation of some delicacy to establish the result rigor-
ously: This' investigation was mainly the work of British
mathematical physicists Roger Penrose and Stephen Hawking, -
In a’'series’of powerful theorems, they proved that a big-bang

_singularity is inevitable as long as gravity remains an attractive

force under the extreme conditions of the primeval universe.
The miost significant aspect of their results is that a singularity
isn’tavoided even if the cosmic material is distributed uneventy.
Itisa general feature of a universe described by Einstein’s theory
of gravitation ~ ot, for that matter, any similar theory.
Therewas a lot of resistance to the idea of a big-bang singular-

ity among physicists and cosmalogists when it was first mooted.
One reason for this concerns the above-mentioned fact that
matter, space, and time are linked in the general theory of
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relativity. This linkage carries important implications for- the
nature of the expanding universe. Naively, one might suppose
that the galaxies are rushing apart through space. A more accu-
rate picture, however, is to envisage space itself a¢ swelling or
stretching. That is, the galaxies move apart because the space
between them expands. (Readers who are unhappy about the
idea that space can stretch are referred-to my book The Edge of
Infinity for further discussion.) Conversely, in the past, space
was shrunken. If-we consider the moment of infinite com-
pression, space was infinitely shrunk. But if space is infinitely
shrunk, it must literally disappear; like a balloon that shrivels
to nothing: And-the-all-important linkage of space, time, and
matter further implies that time must disappear too. There can
be no time withoutispace. Thus the material singularity is also
a space-time singularity. Because all our laws of physics are
formudated-in-terms-of space and time, these laws cannot apply
beyond:the-pointat-which space and time cease to exist. Hence
the laws of physics-must-break down-at the singularity.

‘The picture that we then obtain for the origin of the universe
is a-remarkable one. ‘At.some finite instant in the past’the
universe of space, time, end.matter is bounded by 2 space-time
singularity. The coming-into-being of the universe.is therefore
represented not only by theabrupt appearance of mattcr, but
of space anditimeias well,

- Thesignificarice-of this result cannot be overstresscd People
often-ask: ‘Whereidid-thesbig bang occur? The bang did not
occur at'a point in'spaceat all. Space itself came into existence
with the big bang; Fhere is similar difficulty over-the question:
What-happensd-before the:big bang? The answer is; there was
no ‘before Tinte-itself began at the big bang. As. we haveseen,
Saint Augustine-ldng ago proclaimed that the world was made
with time:and:not in time, and:that is premsely the'modern
scientific position.

Notall scientists were prepared to go-along with this, however
While accepting the ‘expansion of the universe, some cosmol-
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ogists attempted to construct theories that nevertheless avoided
a singular origin to space and time.

Cyclic World Revisited

In spite of the strong Western tradition for a created universe
and a linear time, the lure of the eternal return always lies just
beneath the surface. Even during the modern big-bang era there
have been attempts to-reinstate a cyclic cosmolagy. As we have
seen, when Einstein formulated his general theary of relativity,
scientists-still believed in a static cosmos, and this prompted
Einstein to ‘fix up’ his equations to create a gravitational—
levitational equilibrinm. Meanwhile, however, an obscure
Russian meteorologist by the name of Alexander Friedmann

began studying Einstein’s equations and their implications for -

cosmology.:He d:scovered several interesting solutions, all of
which describea universe that either expands or contracts. One
set of solutions-cotresponds to & universe that starts out at 2 big
bang;"expands‘at an ever-diminishing rate,-and then starts to
contract again. The contracting phase mirrors the expanding
phase, ‘so’that the contraction gets faster and faster until the
universedishppears at a *big crunch’ - a catastrophic implosion
like the big bang in reverse. This cycle of expansion and contrac-
tion can then be continued into another cycle, then another,
and so o ad infinitum {see figure 1). In 1922 Friedmann sent
the details “of *his"periodic-universe model to Einstein, who
wisn’t impressed. It was only some years later, with the discovery
by Edwin Hubble and other astronomers that the universe is
indeed expanding, that Friedmann’s work came to be properly
recognized.

Friedmann’ssolutions do not cumpei the universe to oscillate
with phases:of expansion and contraction. They also provide
for a universe "which ‘starts out at'a big bang and goes on
expanding forever. Which of these alternatives prevails turns

261
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Figure 1. Oscillatingumiverse. The graph shows how the
size of the:umiverse-varies with time as it expands and .
contmct.sma,cychc manner, - wh

out to dcpend on the amount’ of matter that exists in the
universe:: Basically, -if there-is enough matter, its gravity will
eventually halt-the:cosmic dispersal; and bring about recollapse.

. Thus Newton’s fear-of cosmic callapse would actually be real-
ized, albeit :only-after billions of years-had elapsed. Measure-.
ments reveal thatthe stars constitute only about v'percent of the
density needed to collapse the'universe, However, thereis strong
evidence for-alargeamount of dark or invisible matter, possibly
enough to-make up the dCﬁClt. Nobod)rxs sure what this* xmssmg
matter’ is. :

If there is-sufficient matter to cause recontraction, we havc
to consider the possibility that the universe might be pulsating,
as indicated in-figure 1. Many popular books on cosmology
featnre the pulsating model;-and point out its-consistency with
Hindu-and other Eastern cosmologies of a cyclic nature, Could
it be_that Friedmann’s oscillating solution is the scientific
counterpart of the ancient idea of the eternal return, and that
the. muitibillion-year duration from big bang to big crunch
represents the Great Year of the Life Cycle of Brahma?

Appealing though these analogies may seem, they fail to hold
up to scrutiny.First of all, the 'model fsn’t strictly periodic in
the mathematical sense. The points of turnaround from big
crunch to big bang are actually singularities, which means that
the equations concerned break down there, In order for the
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universe to bounce from a contraction to an expansion without
encountering singularities, it is necessary for something to
reverse the: pull of gravity and propel the ‘material outward
again. Tn essence, a bounce is possible only if the motion of the
universe is overwhelmed by a huge repulsive (i.e., levitational)
foree, such as the ‘fix-up’ force Einstein suggested, but bigger
in magnitude by an enormous factor.

Even if a-mechanism to do this cold be contrived, the
cyclicity of the model concerns only the gross motion of the
cosmds, and ignores the physical processes within it. The second
law of thermodynamics still demands that these processes gener-
ate entropy; and that the total entropy of the universe goes on
tising froin one cycle to the next. The result is a rather curious
effect, discovered by Richard Tolman in the 1930s. Tolman
found that, ag the entropy of the universe rises, so the cycles
grow bigger and bigger, and last longer and longer (figure 2). The
upshotis that the universe isn't strictly cyclic at all. Strangely, in

spiteof the continued rise in entropy, the universe néver reaches -

thermodynamic equilibrium - there is no maximum-entropy
state. "It just goes on pulsating forever, generating more and
more entropy along the way,

size

.

N el
time

Figure 2. In 2 more realistic model of zn oscillating

universe, the cycles grow larger with time,

In the 1960s the astronomer Thomas Gold believed he had
found a truly eyclic model of the universe. Gold knew that an
eternally static universe is untenable because it would reach
thermodynamic equilibrium in a finite time. He was struck by
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the fact that the expansion of the universe worked against
thermodynamic equilibrium by continnously cooling the cos-
mic material (this is the famniliar principle that matter cools
when expanded). It seerned to Gold that the rise in cosmic
entropy- cottld be attributed to the fact that the universe is
expanding, But'this conclusion carried with it the hint of a
remarkable prediction: if the universe wete to contract, every-
thing would-run-backward — entropy would fall again, and the
second-law of thermodynamics would be reversed. In a sense,
time would Aow backward. Gold pointed out-that this reversal
would apply to all systéms, including the human . brain and
memonyy 5o that the psychological arrow of titne would also be
- reversed: we would ‘remember the furure’ instead of the past.
Any conscions beings living:in what we would regard as the
contracting-phase. would reverse our-definitions of past and
futiire; -and: alse- consider- thémselves as -living during-the
expanding phase-of the universe (figure-3); By their definition,
ourswouldbethe contracting phase. If, as a result of the reversal,
the:universeswere:traly symmetric in time, ther the final:state
ofithe universe at-the big-crunichwould be identical to its state
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Figure 3, Titme-reversing universe, During the expanding

~ phase-time runs forwdrd, and during the contracting

" phaser it iruns backward. As a tesulty it is possible’ to
identify the first and last moments A and B, thus dosin

time into 2 loop. ‘ Co
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at the big bang: These two events could therefore be identified,
and time closed into a loop. In that case the universe would
indeed be cyclic.

The time-symmetric universe was also investigated by John
Wheeler, who conjectured that the turnaround might not occur
abruptly; but gradually, like the turning of the tide. Instead of
the arrow of time suddenly reversing at the epoch of maximum
expansion, perhaps it might slowly falter and then fade away
altogether before swinging round to point the other way,
Wheeler.speculated that as a result some apparently irreversible
progesses; such as the decay of radioactive nuclei, might show
signs of slowing down ahead of the reversal. He suggested
that a comparison of the rates of radioactive decay now with
their-values in the refhote past might indicate such a slowing
down.

Another phenomenon that displays a distinct arrow of time
is the emission of electromagnetic radiation, A radio signal, for
examiple, isalways-received after it is sent, never before. This is
because,~when. radio. transmitters generate radio waves, the
waves.flow.outward from the antenna into the depths of the
universe; ' We never observe organized patterns of radio waves
coming-from the-edges of the universe and converging onto
radie.antennae, (The technical term for outflowing waves is
‘retarded,’ whereasinflowing waves are ‘advanced.’) If, however,
therarrow of time were to reverse in the contracting phase of
the universe, then the direction of radio-wave motion would
also.have to reverse — retarded waves would be replaced by
advanced waves, In the context of Wheeler’s ‘turning of the
tide, this-would suggest that close to the big bang all radio
waves would be retarded; then, as the epoch of maximum
expansion was approached, so increasing amounts of advanced
waves- would .occur. At maximum, there would be equal
advanced-and retarded waves, whereas during the contracting
phase advanced waves would dominate. If this idea is correct, it
would imply that there is a very slight admixture of advanced
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radio waves‘at: deir present tosmic epoch In effect these would
be radiowaves:*frot the fufiire
Fanciful though the idea:may seem, it was put-fo the-tést-in
an experiment performed bythe astrdnomerBrﬁceFar&rdge in
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-Continuous Creation

Thomas Gold:tells the story that one evening in the late 1940s
hesand -Hermann, Bondi were walking back from the cinema,
having.seenia movie-called Dend of Night, about dreams within
dreams:that-formed an.endless sequence. On the way home it
suddenly ccomrrred-to-them that the theme of the film might be
an-allegory. for the universe. ‘Perhaps there was no beginning,
no-big:bangeven.-Maybe the universe instead has a means of
centinuonshyrepleniching itself so that it can keep going forever.

In.the:subsequent:months Bondi and Gold fleshed out their
idea. Thewentral-feature of the Bondi-Gold theory is that there
was no.big-bang origin of the universe at which all matter was
created. Insteadyds the universe expands, new particles of matter
are ‘continponsiy:created to fll up the gaps so that the average

density. of imatfer;in‘ithe universe remains unchanged. Any -

mdmdualigaiaxﬁ'wiﬂ pass through a life cycle of evalution,
gz}mmagngmﬂ;s «death :when the stars burn out, but new

‘galaxies. argzabletoform from the newly created matter. At any

givenstime: the_rg;w&llb&a mixture of galexies.of various ages,
but thﬂmyoldgalam&smll be very sparsely distributed, because

- thesmiversewill have-expanded a lot.since- their birth. Bondi
- and:Goldsenvisaged:the rate.of expansion- of the universe to
- remain<onstants: -and the rate of matter creation to be just such
|5 &EJQ mamtauf’avgﬁustant -average- density. The- situation is

that--ofia:river :which looks. the same overall, even
thc:uglu-watcrf!& sontinugusty flowing through-it, The river is
netstatie, butiinia steedy: state, The theory therefore became
knowsasithe:fsteady-state theory’ of the universe.

The_ eady-stat’rumverse has no beginning or end, and looks

'the samewonaverage:ata]l cosmic epochs, in spite of the expan-

sion:The modek:avoids the heat death, because the injection of

“new matter alsodnjects negative entropy: 1o return to the watch

analogy, it.continuonsly _rewinds the watch. Bondi and Gold




46 THE"MIND OF GOD

gave no detailed mechanism to explain how matter is created,
but their colleague Fred Hoyle had been working on just this
problem. Hoyle investigated the possibility of a ‘creation field’
that would have the effect of producing new particles of matter.
‘Because mtter s a form of enérgy, Hoyle's meclahisin -might
be construed as violating the law of conservation ofenergy, but

this need 1ot be'so. The creation field itself carries negative -

 erlergy, anid by arreriging things carefully, it'is possible-for the

positive'energy-of thecreated matter fo be compensated exdctly

by the enhaficed negative eriergy of the'cieation field. From a

mathematical study of this interplay, Hoyle discovered that his _

creation-ficld cosmological model automatieally tended toward,
and-then' remained-in, the steady-state ‘condition required by
the theory'of Bondi and Gold. : :
“Hoyle’s wotlegave the neicessary theoretical underpinning to
ensureithat the steady:state theoty was takeri seriously, and for
a’decadeormere it was' considered to be an equal contender
withthebig-bang theory: Many scientists, incl uding the origina-
tors-of the steady-state-theory, felt-that by abolishingthe big
bang.they:lidd ohee and foralt rémoved the need for any sort
of sapernatural'explaniation for the universe, In a universe with
no beginning theré-is'nomied for a creation event or a‘cigator,
andva universe with-a:physical creation field to make it "self-
windingh-doesn’t require “any’ divine intervention to keep it
fonning: S e o ,

- Actually] the conclusion®is a'non sequitur. The fact that the
universe ‘miight have no origin’ in time does not explaitr its
existence; or why- it has the‘form it does; Certainly it does not
explain’ why nature possesses the’ relevant fields (such as the
creation field)and physical'principles that establish the steady-
state condition. Ironically, some theologians have actually wel-
comed the steady-state theory as-a modus ‘operandi for God's
creative activity. After all; 4-universe that lives forever, aviiding

 the hicat deathy, has-constderable theological appeal. Arounid the
turn‘of the century the mathematician and philosopher ‘Alfred
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North Whitehead founded the so-called process school of theol-
ogy. Process theologians reject the traditional Christian concept
of creation out of nothing in favor of a universe that had no
beginning..God’s creative activity manifests itself instead as an
ongoing-process, a creative advance in nature’s activity, I shall
return to the topic of creative cosmology in chapter 7.

In:theievent, the steady-state theory fell out of favor not on.

philosophical grounds, but because it was falsified by observa-
. tions. ‘Fhe theory: made the very specific prediction that the
universe should look the same on average at all epochs, and the
advent of large radio telescopes enabled this prediction to be
tested. When astronomers observe very distant objects, these do
not appear as they are today, but as they were in the remote
past, when the light or radio waves left them on their long
journey to Earth. These days, astronomers can study objects
that are many billions of light-years away, so that we see them
as they were many billions of years ago. Thus a deep space
survey can provide ‘snapshots” of the universe at successive
epochs, for comparison. By the mid-1960s it became clear that
several billion years ago the universe would have looked very
different from the way it does now, in particular vis-a-vis the -
numbers of various types of galaxies.
The final nail in the coffin of the steady-state theary came in
1965 with the discovery that the universe is bathed in heat

radiationat a temperature of about three degrecs above absolute -

zero. This radiation is believed to be a direct relic of the bigbang,
‘a sort of fading glow of the primeval heat that accompanied the
birth of the-cosmos. 1t is hard fo understand how such a
radiation bath could have ariseri without the cosmic material
having once been highly compressed and exceedingly hot, Such
a state does not occur in the steady-state theory, Of course, the
fact that the universe is notin a steady staté does not mean that
continuous creation of matter is impossible, but the motivation
for Hoyle’s creation field is largely undermined once it is estab-
lished ‘that the universe is evolving. Nearly all ‘cosmologists -
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now accept that we live in a universe that had a definite bégin-
ning in a blg bang, and is d&velopmg teward 'an “fincertain
end, et i

If ore accepts the'idea that spaca. time, and iatter hiad their
origin in a smguiantfr‘ that represents 4n° absoliite boundary to
the physical universé in the: past; @ number of puzzles’ follow.
There is still the problem of what'cainsad the big bang. However,
this question st now be’seen in“a- new Hght, for it is not
possible to-attiibutethe big-bang to anything that happened
before it, as is usually the'case‘in discussions of citsatior. Does
this mean the big bang was ar“event without @ 'cause? If the
laws"of physics break: down at the singularity; there can beno

" explanation in térmeof those laws. ‘Therefore, if one insists on

a reason for the blg?Bang, then this reason must He bcyorrd
physics, :

‘

Drd God Cduse the B'1g Bang?

Many- people ‘have ‘art image-of God as a sort of pyrotechriic
engineer, tighting‘the blue touch=paper to ignite the big bang,
and then sitting back to watéh“the show: Unifortiniately;” this
simple pictnfé, while highly: compelling o sone; makes little

-sense. As we's ‘haveseen, 2’ supernatural creation cannot be a
. causative act: mume; “for the coming-into-being of time is part .

of what' we are-trying ‘tor cxp!am i God-is invoked as an
explanation for’ thie physical universe, then this explanation
cannot be in teifs of familiar caitse and effect.

"This recurring probletii-of time was recently addressed by
the British physicist Russell"Staninard, who draws the analogy
between Godand the author of a hook. A completed book exists
in its entirety, although we humans read it in a time sequence

- frofr the beginning to thieend. ‘Just s an author dobs not write

the first chapter, and theri leave the others to-write themselves,
so God's creativity is not to seem as uniquely confined to, or
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even especially invested in, the event of the Big Bang. Rather,
his creativity has to be seen as permeating equally all space and
all time; his role'as Creator and Sustainer merge.”

Quite apart from the problems of time, there are several
additional pitfalls involved in invoking God as an explanation
for the big bang. To illustrate them I shall relate an imaginary
conversation between a theist (or, more properly, a deist}, who
claims that Gdd created the universe, and an atheist, who ‘has
no need of this hypothesis.’

Atheist: At one.time, gods were used as an explanation for all
sorts of physical phenomena, such as the wind and the rain
and the.motion of the planets. As science progressed, so
supernatural agents were found to be superfluous as an
explanation for natural events. Why do you insist on invoking
God to explain the big bang?

Theist: Your science cannot explain everything. The world is
full of mystery. For example, even the most optimistic
biologists admit that they are bafled by the origin of life.

Atheist: T agree that scierice hasn’t explained everything, but
that doesm’t mean it.can’t. Theists have always been tempted
to seize on-any process that science could not at the time
explain and claim that God was still needed to explain it.
’I'hen, as saence progressed, God got squeezed out. You

| e ie lesson that this ‘God of the gaps’ is an
nnrehable ‘Hypothesis. As time goes on, there are fewer and

: - ‘to ‘inhabit. I personally see no problem in
science explammg all natural phenomena, including the origin
of hfe I concec}e that the origin of the universe is a tougher
nut to crack. Bt ‘1f as it seems, we have now reached the stage
where the on!y remammg gap is the big-bang, it is highly
unsatisfying to invoke the concept of a siypernatural being
who has been d;spiacaé from alt else, in this ‘Jast-ditch’

capacity.
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Theist: T don't sel why: Everrif you reject the-idea’thiac God can
act: directlydnithe physicabworld:oncesit has-been created, the:
problem of the/iltimateorigin of that worldisina different
mmgory almget}ter fronﬂhe prcblem of explaming mtural

unnecessary' comphcat;t.on‘ After all, T: ambound toask, wHat-
cr&ted God? .

Athesst Ah, but that 5 d.lffcrent! A saennﬁc theory should -

ks
s
11k
i
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amount ta smuch more than the facts it is trying to explain.
Good theories provide a simplifying picture of nature by
establishing:connections between hitherto disconnected
pheuomena. Newton 's gravitational theory, for example,

‘ demenstrated a cennectzon between the ocean tides and the

th gravitati naI ‘field withi the nature of the gravitating
ot i _tffeofy gives you a precise mechanism for how
thmgs work. By contrast, a God who is invoked only to
explain the-big bang fails in all three criteria. Far from
simplifying our view of the world, 2 Creator intraduces an
additional complicating feature, itself without explanation.
Second, there.is no way we can test the hypothesis

nE

eaipeamentaliy There is ouly’ one place where such a God is

TR 2

. %the umverse, why the umvexse has the form it
short. unless you, can either provide
fbﬁ:way that'such a. God exists, or else give
bofhow he made ﬂ:e Hniverse that even an
e

swguld tegard as deeper, simpler, and more
15t go feason to believe in sach a bemg

sco;:e:of saence. Yﬁu are forced to accept the origin of the
umverscasa - brute fact, with no deeper level of explanation.

b
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Atheist: I would rather accept the existence of theuniverse as a
brute factthan accept God as a‘brate fact. After-all, there has
to be 2 universe forus to be hererto argue 'abo‘ut thése'things!

I shall dxscuss man}r cf the issues- ra.tsed m th:s dlaiogue in
the cormng chaptcrs, The cssence of the d;spute is whether one
i sunply ta acccptthe cproswe appearance of the uniferseasa
bald, unexplame, fact— sometbmgbelongmgto the‘that s-that’
categury or to: seck some more sabsfymg explananon Untll

of the very early uiuverse that has transformed the entu'e &ebate,
and recast this agc-old pumle ina tota}ly different Iight.

Creation without Creation

Since the dermse of the steady-state theory, scwntists have
secmecf to Bc faccd witha stark chouce conccmmg thc ongm of

Before gettxng}%ltg-fhe detmls of thts: Iet me make the genera}
oint that ¢ the essence of the origin. pmbl m is that the bigbang
seems to be an event mthoat a phymcai cause. ’I'}us  is, usually
regardcdﬁ as contmdictg;g the Iaws of physxcs Thcre is, however,
a tiny loophole. This loopholc is called quantum ‘mechanics. As
efplained in chapter 1, the application of. quarituin-mechanics
is normally restricted to atoz‘ns, molecules, and ‘subafomic ] par-
ticles. Quantum effects are usually negligible for mactoscapic

objects. Recall that at the heart of qirantum physics lies Heisen-

h
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berg’s uncertainty principle, which states that all measurable
quantities (e.g., position, momentum, energy) are subject,to
unpredictable fluctuations in their values. This unpredictability
implies that the microworld is indeterministic: to use Binstein’s
picturesque phraseology, God plays dice with the universe.
Therefore, quantum cvents are not determined absolutely by
preceding. causes. Although the probability of a given event
{e.g., the radioactive decay of an atomic nucleus) is fixed by the
theory, the actual outcome of a particular quantum process s
unknown:and, even in principle, unknowable,

- By weakening the link between cause and effect, quantum
mechanics provides a subtle way for us to circumvent the
origin-of-the-universe problem. If a way can be found to permit
the universe to come into existence from nothing as the resuit
of a quantum fluctuation, then no laws of physics would be
violated. In other words, viewed through the eyes of 2 quantum
physicist, the spontaneous appearance of a universe is not such
a surprise, because physical objects are spontaneousiy appearing
all the time - without well-defined causes - in the quantum
microworld, The quantum physicist need no more appeal to a
supernatural act to bring the universe into being than to explain
why a.radioactive nucleus decayed when it did.

All of this depends, of course, on the validity of guantum
mechanics when applied to the universe as a whole. This is
not clear-cut. Quite apart from the astonishing extrapolation
involved in applying a theory of subatomic particles to the entire
cosmas, there are deep questions of principle concerning the
meaning to he attached to certain mathematical objects in the
theory. But many distinguished physicists have argued that
the theory can be made to work satisfactorily in this situation,
and thus was the subject of ‘quantum cosmology’ born.

The justification for quantum cosmology is that, if the big
bang is taken seriously, there would have been a time when the
universe was compressed to minute dimensions. Under these
circumstances quantum processes must have been important.
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In particular the'fluctuations described by Heisenberg's uncer-
tainty principleimust frave had a profound effect on the structure
and evolution of the nascent cosmos. A simple galculation tells
us when that.epoch was. Quantum effects were important when
the density of matter was'a: staggem:g‘ 10* gm'dm™. This state
of affairs existed before 10™ seconds, when the universe was
mere 107%.cmn across: These¢ nitmbers are referred to as the
Planck’ density; time; and-distance respectively, after Max
Planck, the originator of the quantum theory.

‘The abifity of guantum fluctiations to *fuzz out’ the physical
world on an ultramicroécopic scate leads to'a fascinating predic-
tion concerning the n#turé of space-time, Physicists can observe
quantum fluctuations in the laboratory down' to distances of
abeut 107'® em and over times of about-107 seconds.- These
fluctuations affect such things as the positions and momenta
of particles, and.they take place within an apparently fixed
space-time background. On the much smaller Planck scale,
however, thefluctuations would-also affect space-time itself.
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when we reach about one Planck time after what we thought
was the initiai singularity, something peculiar starts to happen.
Time begins to *turmn into’ space. Rather than having to deal
with the origin of space-timne, therefore, we now have to contend
with four-dimensionat space, and the question arises as to the
shape of that'space ~i.e., its geometry. In fact, the theory permits
an infinite variety of shapes. Which one pertained in the actual
universe is related to the problem of choosing the right initial
conditions, a subject that will be discussed in more detail shortly.
Hartleand Hawking make a particular choice, which they claim
is natural on grounds of mathematical elegance.

1t is possible to give a helpful pictorial representation of their
idea. The reader is cautioned, however, not to take the pictures
too literally. The starting point is to represent space-time by a
diagram with time drawn vertically and $pace horizontally (see
figure 4). Future is toward the top of the diagram, past toward
the bottom. Because it is impossible to represent four dimen-
stans properly on the page of a book, I have eliminated all but

‘Fo understard how;it isfirst necessary to appreciate the close

linkage between space and time. The theory of reldtivity requires A time
that 'we view  three-dimensional space and one-dimensional 5‘““;‘552&"'15
. time as parts of 4 unified foursdimensional space-time. In spite p N

of the unification, spacé remaitis physically distinet from time.
We have no difficulty in distinguishing them in daily life. This

SRR AR et SR Pl i

distinetion can become-blurred, however, by quantum fluctu- space

ations. At thePlanck: s&g!e the seéparate identities of space and

time can 'be smeared out. Precisely how depends on the details & — history of
& particle

of the theory, which can'beused to compute the relative: prob‘
abiflities of various space-time structures.”

It may happen, as 4 result of these quantum effects, that the
most probable sticture for’ space-time under some circum-
stances is detually four-dimensional ‘space. It hias been argued
by James Hartle.and Stephen- Hawking that precisely those
circumstances-prevailed in the very early universe, That is, ifwe
imagine going backward in time toward the big bang, then,

i gt

Figure 4. Space-time diagram. Time is drawn vertically
and space horizontally. Only one dimension of space is
shown. A horizontal section in the diagram representsall
space at one instant of time. A vertical line represents a
fixed point-in space {e.g., the position of 2 stationary
particle) throughout time.
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one dimension of space, which is nevertheless adequate to make
the esséntial points. A horizontal slice through the -diagram
represents all space at-oné instant of time, and a vertical line
represents the history of a point in space at successive times. It
is helpful to-imagine-having this diagram drawn on a sheet of
paper. on which certain operations can be performed. (The
reader may-find it instructive-actually to carry these out:)

If space and time were infinite,we would, strictly speaking,
need an infinite sheet.of paper for our diagram to represent
space-time-properly. However, if time is bounded in the past,
then the diagram must-have a.bovndary somewhere along the
bottom: one can imagine cutting a horizontal edge somewhere.
It may also have a ﬁ:tlf:é_bbundnry, demanding a similar edge
along the top. (I have denoted these by the wiggly horizontal
lines. in figure 5.}-In. that case- we would have an infinite strip
representing all of infinite space at successive moments from
the beginning of the universe (at the bottom edge) to the end
(atthe top edge). - , _ '

At this stage one can entertain the possibility that space is
not, after all, infinite, Einstein was the first to point out that

- future bnundaty:
of:time :

Figure 5. It maybe that time i bounded by singularities
in the past and/or future. This is represented on a space-
time diagram by truncating the diagram at the bottom
and-top respectively. The wiggly lines denote the singu-

larities.
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space might be finite yet unbounded, and the idea remains a
sertous and testable cosmological hypothesis. Such a possibility
is readily accommodated in our picture by rolling the sheet
around to make a cylinder {figure 6). Space at each instant
is now represented by a circle of finite circumference. (The
two-dimensional analogue is the surface of a sphere; in three
dimensions it is a so-called hypersphere, which is hard to
imagine but mathematically perfectly well defined and
understood.)
T
i

time

space

\.‘-_,____./
Figure 6. It may be that space is finite yet without boun-
dary. This is represented by rolling the space-time dia-
gram inte a cylinder. A horizontal section, representing
space at one instant, is then a circle.

A further refinement is to introduce the expansion of the
universe, which may be represented by letting the size of the
universe change with time, As we ate concerned here with the
origin of the universe, I shall ignore the top edge of the diagram,
and show:only that portion near the bottom. The cylinder has
now become cone-shaped; a few circles are drawn to represent
the expanding volume of space {figure 7). The hypothesis that
the uriverse originated in a singularity of infinite compression
is depicted here by allowing the cone to taper to a single point
at the base: Thie singular apex of the cone represents the abrupt
appéarance of both space and time in 2 big bang,
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space at one
instant

Setan

Figure 7. Expa.pdi'n;g‘u_x_zi}{f:rse. "The effect of cosmological
expansion can be re{:feécntéd oR our space-time diagram
by making the cylinder of figure 6 into a cone. The
apex of the cone corresponds to the big-bang singularity!
Horizontal sections through the cone are now circles of
successively greater diameter, denoting space grdwﬁxg
larger. :

‘The essential claim of quantum cosmology is that the Heisen-
berg uncertainty principle smeats out the sharpness of the apex,
replacing it by something smoother. Just what that-something
is depends on the theoretical model, but in the model of Hartle
and Hawking a-rough guideis to round off the apex.in the way
shown in figure 8, where the point.of the cone is replaced by a
hemisphere. The radius of this hemisphere is the Planck length
{(10™*. cm),, very-small by human standards, but infinitely large
compared-with a point singularity..Above this hemisphere the
cone opens out in the usual way, representing the standard
nonquantum development: of the expanding universe. Here —

in the upper portion, above the join-to the hemisphere ~ time

runs vertically up the cone as usual, and is physically quite
distinct from.space, which runs horizontally around the cone.

Below the join, however, the situation-is dramatically:different.

The -time -dimension -starts to curve around into’ the space
direction-{i.e;; the horizontal). Near the base of the hemisphere

one has a two-dimensional, roughly horizontal curved surface, -
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P

Figure 8. Creation without creation. In this version of
the origin of the universe the apex of the cone of Agure

7 is ounded off. There is no abrupt beginning;: time fades ‘
gradually away toward the base of the diagram, The event.

P looks like the first moment, but this is only an artifact

of the way the diagram is drawn. There is no well-defined

beginning, although tire is still finite in the past.

This represents a two-dimensional space rather than one space
and ‘one time dimension. Notice that the transition from time
to'space is gradual; it must not be thought to occur abruptly at
the join. Expressing it another way, one might say that time
emerges gradually from space as the hemisphere curves gradu~
ally-into the cone. Note also that in this scheme time is stil
bounded from below - it does not stretch on back into the -
infinite past — yet there is no actual ‘first moment’ of time, no
abrupt beginning at a singular origin. The big-bang singularity
lras, in-fact, been abolished.

Ore might still be tempted to think of the base of the hemi- .
sphere'— the “South Pole’ -~ as the ‘origin’ of the universe, but,
as Hawking emphasizes, this is mistaken. A portion of a spherical
surfice is-chiaracterized by the fact that, geometrically, all points
on it are'equivalent. That is, no point is singled out as privileged
in any way. The base of the hemisphere Iooks special to us
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because of the way that we have chosen to represent the curved
sheet, If the cone is tipped over a bit, some other point becomes
the’base’ of the structure. Hawkmg points out that the situation
is somewhat anzlogous 16 the way we representthie sphencaf
surface, .of the Barth geometrically. Lines of latitude cosiverge on
the North and; :South poles, but' the Earth’s surface at these
places is the saine as anywhere else. We could equally well have
picked Mecca or Hong Kong as the'focus for these circles. (The
actual choice has been dictated by the axis of rofation of the
Earth;:a*feature which is-irrelevant’to t]te*pre;ent discussion.)
There-is no suggestion that the surface of the Earth comes to an
abruptistap.atihe polessThere is;to:be sure, a'singularity in the
coordinate system-of htitudesand- _lnngituderthere. -but not a
physicalsingulanityinithepeometrprs < n . iy
To malwthm;pbm,c}amrmmagmmmahnga.hﬁle hole at
‘the Sonth-Pale of the Hemisphere.infigure 8; then opening the
sheet. putaronnd thezhale {suppase it is.elastic) ;to:make a
“crtinder;hetiunwrappingthescylinder; iand spreading:it out to
s formafiat sheet. Werwonld end upiivithia picture just likefignre
e peintisthatwhatwe frmerptook tobeasingalarorigin

g areﬁee’ro‘mdrawa map ofﬁxaﬁarth.amgﬁéiﬁeﬁent;mzdmase
syatem,gmh ispmesotherpoint.chbsen-aythe foeusfor-circles of
htﬁlﬁm cas&thc»SouthPole wtmlci appear on-the amap

-'-?hg:'upshotmf alkthis mﬂxat‘accordmg tefHaztIe*amé Hmvk—
mgg.,therc s no‘origin.of the-universe=Nevertheléssythat does
net:mean: that/the universe:is’ infinitely. old.Time. is limited

&&m&&hﬁ%ﬂymﬂmmrdmamm@}am .

Can the Universe Create Ttself ?

irthe’ past, but has no boundary as such. Thus centuries .
philésophical anguish over the paradoxes of infinite vers:
finite- fime are neatly resolved. Hartle and Hawking ingenious
mRinige to pass between the horns of that particular dilemma. ¢
Hawking expresses it: The boundaryconchtmn of the universe
thatiithasno boundary.”

T hésmiplications of the Hartle-Hawking universe for theo
dgidre profound, as Hawking himself remarks: ‘So long as tl
wriiverseshad 4 beginning, we cotld suppose it had 2 creato
But ifsthe - universe is completely self-contained, having n
Bothdéry or edge, it would have neither beginning nor end:
wotld simplybe. What placé, then, for a creatos?" The argumer
isrthiérefore that, because the universe does not have a singuk
origifitif-time, there is no need to appeal to a supernatural ar
ofcréafion at the beginning. The British physicist Chris Ishan
Hirdselfan expert on quantum cosmology, has made a stady ¢
thie~#heological implications of the Hartle-Hawking theon
“THeretigTio*doubt that, psychologically speaking, the existenc
of-thisinitial singular point'is prone to generate the idea'of
Eieatorwho sets the whole show rolling,” he writes.” But thes
Hewcostological ideas remove the need, he believes, to invok
@Cod-oFiHergaps as thécause of thebig bang: “The new theoric
whuldiagpear to'plug this gap rather neatly.’ :

"”Aith’bagh ‘Hawking's proposal isfor a universe without
Qefinife srigin:in tifie, it is aldo true to'say in this theory tha
Yhefaniversé Hias not atways existed. Is'it therefore correct to sa:
tidtetheuniverse has ‘créated -itself*? “The way I would rathe.
expresst it is that the universe-of space-time and matter &
ifitemnally consistent and self-contained. Its existence does no
yéquiréanything outside of ity specifically, no prime mover i
sicededs'8o does this mean that the existence of the universc
difv-be “explained” scientifically without the need for Godi
{4h we- regard the universs as forming a closed system,
confaining ‘the reason for its existence entirely within itself?
Theanswer-depends on the meaning to be attached to the

DA



62 THE -MIND OFGOD

word "explanation.’. Given the laws of physics, the universe
can, so to-speak, take care of itself, including its own creation.
But where do these laws come from? Must we, in turn, find an
explanation for them? This is a topic I wﬂl take up in the next
chapter.

Can these recent saentlﬁc &evelopmeuts square with the
Christian doctrine of creation ex nihilo? As I have repeatedly
emphasized, the idea-of God bringing the universe into existence
from nothitig cannot be vegarded as a temporal-act, because it
involves-thescreation of time. In the modern Christian view-
point, creatianex niltilo-means sustaining the universe in exist-
ence at all-titnes, In modern scientific cosmology, one should
no longer think of space-time as ‘coming into existence’ anyway.
Rather,: ane-says that-space-time (or the universe)} stmply is.
“I'hisschermedbes not hiave aninitial event with a special status,”
remarks the-philosopher Wim Dress, “Hence, all moments have

a-similarsrelation to the Creator. Either they are all "always -

there;! as a-brute fact, or they are all equally created. It is a nice
féature of this quantum cosmology that that part of the' content

of wcreation..ex- nihilo..which was supposed to be the most

diconpled-frony stience, namely the “sustaining,’ can be seen as
the more natural part inithe context of the theory.” The image
of God' conjured ‘up :by ‘this theory,  however, is-rather -far
removeddrom the twentiethzcentury Christian God: Drees per-
ceives: zclose resemblance to the pantheistic picture of God
adopted by the seventeenth-century philosopher Spinoza, where
the physical-universe fself takes on aspects of God’s existence,
stch as-being ‘eternal’ and ‘necessary:’

One can, of course, still-ask: Why-does the universe-exist?
Should the (timelass)iexistence of space-time be regarded:as-an
{aternporal) form-of ‘creation’?: In-this sense creation ‘from
nothing’would not refer to any temporal transition from noth-
ing to something, but would merely-serve :as a reminder that
there could have-been nothing rather than something. Most
scientists (though perhaps not all.~ see page 129 would agree
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that the existence of a mathematical scheme for a universe is
not the same thing as the actual existence of that universe. The
scheme still has to be implemented. Thus there remains what
Drees calls ‘ontological contingency.” The Hartle—Hawking
theory fits this more abstract sense of ‘creation’ rather wedl,
because itis a quantum theory. The essence of guantum physics,
as 1 have remarked, is uncertainty: predictior in a quantum
theory is prediction of probabilities rather than certainties. The
Hartle-Hawking mathematical formalisim supplies the prob-
abilifies that a particular universe, with a particular arrangerent
of matter, exists at each moment. In predicting that there is a
nonzero probability for some particular universe, one is saying
that there ils.a definite chance that it will be actualized. Thus
creation ex nihilo is here given the concrete interpretation of
‘actualization of possibilities.’

Mother and Child Universes

Before leaving the problem of the origin of the universe, I should
say something about a recent cosmological theory in which the
question of origin enters in a radically different way. In my book
God and the New Physics 1 floated the idea that what we call the
urtiverse might have started out as an outgrowth of some larger
systern, which then detached itself to become an independent
entity. The basic idea is fllustrated in figure 9. Here space is
represented as a two-dimlensional sheet. In accordance with the
general theory of relativity, we can imagine this sheet as curved.
In particular, one can conceive of a localized bump forming on
the sheet, and rising into a protuberance connected to the main
sheet by a thin throat. It may then happen that the throat
becomes progressively narrower, until it pinches off completely.
The protuberance has then turned into a completely discon-
nected ‘babble,” The ‘mother’ sheet has given rise to a ‘child.’
Amazingly, there is good reason to expect something like this

o=
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baby universe -

mother universe
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to be going on in the real universe, The random fluctuations
associated with quantum physics imply that, on an ultramicro-
scopic scale, all manner of bumps, wormholes, and bridges

should be forming and collapsing throughout space:time. The )

Soviet physicist Andrei Linde has the idea that our universe

started:out this way, as a little bubble of space-time, which then

‘inflated” at a fantastic rate to produce s big bang. Others
have developed similar models. The ‘mother’ universe which
spawned 6urs is also continuously inflating at a fantastic rate,
and spewing out baby universes for all it is worth. If this state
of affairs i correct, it implies that ‘our’ universe is only part of
an infinite'assemblage of universes, afthough it is self-contained
now. The assemblage as a whole has no beginning or end. There
are problems it any case in using words like ‘beginning’ and
‘end,” because there is no suprauniversal time in which this
spawning process takes place, although each bubble has its own
internal time, . .

An interesting question is whether our universe is also capable
of being mather, and producing child universes. Might it be
possible for sorme mad scientist to create his or her very own
universe in the laboratory? This question has been investigated
by Alan Guth, the originator of the inflationary theory. It turns
out that, if a large amount of energy is concentrated, a space-
time protuberance might indeed form. At first sight this seems

Figere 9. Hatching a baby univetse. The mother universe
is représented by 2 two-dimensional sheet, Curvature in
the sheet arises from gravitational effects. If gravity is
intensé enough, the curvature can produce a protuber-
ance that forms a mini-universe connected by an umbili-
cal cord or throat kaown a5 a ‘wormhole” From the
mother universe the threat can appear a5 a black hole.
Eventually the hole evaporates, severing the cord and
dispatching the baby wniverse onto an independent
existence.

"/
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to-raise the alarming prospect that a new big bang would be
triggered, but in fact what happens is that the formation of the
protuberance looks from our region of space-time to be just
like the creation of a black hole, Although there may be an
explosive inflation within the protuberance-space, we-see only
aMackhole thatisteadily shrinks, Eventually the hole evaporates
away complétely; and at that moment our universe becomes
disconnectedwith-itschild, = -

- In spiteof the appeal of thistheory, it remains hngly speculat-
ive: | shallyetirnto it biriefly.in chapter 8. Both the mother-and-
child qpnd:the Hartie~Hawking theories adroitly circumvent
the probiems. asssciated with a cosmic origin by eppealing to
quarituns processes. Thie lesson to be learned-is that quantum
physics opensthe doorto-universes of a finite age, the existence
of whizh'doegnot-demand a well-defined prior cause. No special
act of creatiapiisyneeded.

Al of the physical ideas discussed in this chapter have been

based on.the assumption that:the universe as a whole complies -
with cergals wellrdafined laws of physics. These laws of physics, -

M;W m!ﬁy -are-woven into a:fabfic of
neticsaitndtfifranded: onthe bedrock of logic. The path

frum phym{fm,thmugh the Jaws. of physics, to
mathematicsand.ultimatelylogic.opens up the beguiling pros-
pect thatithe worid'can be-understood through the application
of Togical reasoning alone. Could it be that much, if not all, of
the physical universe.might be as it is a5 the result of logical
necessity?: Some scientists have indeed claimed that, this is so,
that thereds only one:logically consistent set of laws and only
one logically epnsistent universe. To investigate this sweeping
claim, we'must inquire into the nature of the laws of physics,
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