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SITHAPPENS, I'm writing this on a midnight

in August. A minute ago | stepped outside. A

nng of |1ghr encircled the Full moon, H1ﬁ|'| above

the palely lit folds of California hillside, a mete-

(] a.ftfd O TSRS l}'pf h']h‘k \r’-.r“.f Jrﬂi II“' {rw stars
that showed despite the city’s lights,

Yet why do | see a starry night at all?
If the rnimnir-gifa] prin-npfr prut forward
[‘:y Copermicus is troe if the universe is
homogencous, having the same properties
everywhere, and isotropic, looking the
wame r-rnrn eVEery :nﬂl:' then a uhn-rl chain
-1!'. reaAsOnIng h'.li.!'l- to the 1B T T .ip.‘l]:"l' con
clusion that the heavens should be as white
as a aheet of papers Here is the FedsMing

That our universe is uniform is
clea rl}' true within the obsérvational hon
gon of the o billion light-years that our
‘flrﬁkﬁ“wi PT"‘ldf‘. :‘h‘ﬂrﬂ'l\tt_ |!- l'i‘h:' i
verse did passess a center, then Pl‘iirlgl
would not appear the same in all directions
unless yiou stood at the center (an assu mp-
tion that Copernicus ruled we cannot rea-
sonably make). Therelore, astronomers
have concluded, the universe has no center
and no edge, But then, if the cosmos is inf-
nite, wouldn't any line of sight lead eventually to the surface
of a star?

German astronomer Heinrich Wilhelm Olbers stated
this problem, called Olberss Paradox, in 1823, but an explana-
tion didn't come until a century later. It grew out of the most
aalnund1nﬂ diirmrnts hum.ln h("tﬂﬂ\ have ever made: that our
Milky "Ip'u'a?' is ﬂh‘l‘rly ane of millions of g.||..|. xies, that the uni-
verse is thus much bigger than we had though, and thae it is
expanding at a tremendous rate,

We owe our 'knnv.-h*dgc' of all this to the work in the 1g2os
of the astronomer Edwin Hubble. He peered into space from
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of cosmology titles grows larger.

the summit of Mount Wilson in Pasadena, California, to mea-
sure the distances to galaxies whose spectra were anomalously
red. The Likeliest cause of such n'i‘fihlﬁlhg. Hubble reckoned,
was motion away from the observer. The same Doppler effect
that raises and then lowers an ambulance siren’s perceived pitch
as it approaches and then recedes from a listener would com-
press 11;]‘“ Wy r[ﬂ.‘ngl‘"iﬂ ma'l-.mp them blueshift—or st retch
them uui—nrdshiﬁiug them. Yet Hubble found no blueshif-
ing: all the galaxies seemed to be redshifting. Moreover, the
shaft was pmpnrtmni] to their distance: those farthest from
Earth were racing away from us the Fastest. The universe
seemed to be running away from us,

How can this be? You can liken the cosmos to the surface
of 4 balloon. If we were in a two-dimensional mpu‘ﬂhlp on that
surface, like a dot painted on the balloon, we might travel in any
direction, though eventually we'd return to our starting point,
MNow picture the balloon expanding. Any
Lll,t L On s \llf{-ﬁ. W '“.-I.'!ull] i 'df rfl"“ [ 18 I'I
other—the farther aparn two dots were, the
faster they would recede, And this same
effect applies in our three-dimensional
expanding universe: although the galaxies
aren’t gerting bigger, intergalactic space
itself 1s opening up between them

b, 1o R 1,uu'|.r- \.I.'L'-Hl.h-ﬂ*;_i u.-lu..- T]'l-'t'r
rists are sure there are other dimensions
besides the Familiar ones, it's because noth-
- ing else explains starry nights, Everything
we've learned has validated rhis picture. If
the universe’s expansion is traced back-
wards, for instance, it apparently began in
a small point—rthe big bang—about 14 bil-
lien years ago. Detection of cosmic back-
H"'““'“d radiation remaining trom the big
bang has confirmed this estimated age of
the universe. Other mind-boggling revela-
tions have followed since Hubble's. Even
learning thar all the stars and visible galaxies are only luminous
froth comprising between o.o1 and o.025 of the universe's total
rmasd didnt disconcert moar u.umnh:gi!.u. But in o8, astro-
ATl \Jeh.'-. 1ed hil:t'lu."l]'l.i.r'lg that did. Two new bdl.hk!- with sim
ilar titles—The Acx .-'.J.w'.lu'u.;“r Limiverse, h}r Mario Livio, and The
Kumngwsary Unizerse, |':r1_,' Donald Goldsmith—seek io i‘!f.Fl-I.llﬂ this
discovery.

\-ir, I W |.1.1 Iﬁ".‘.dl tll.i," “‘if'll,a l‘“’g'ﬂln At tl'ﬂ’.' SP-..I...' -I.qflc
scope Science Institute, which conducts the Hubble Space
Telescope's programs. In The Accelerating Universe, he admis
that in 1egB, upon seeing analyses of the images of very distam




supernovae, he didn’t ininally believe them. These supernovae,
at a range corresponding to about one-half the universe's age,
burned less nl:lil'l‘ll[mr and had receded less than was consisten
with the normal Hubble expansion law. After other possibili-
ties were eliminated, the only explanation remaining was that
the cosmaos had once expanded more slowly than it does today.
This finding challenged Mr. Livio's cherished belief in the
mherent brauty of timeless physical laws. He writes that it gave
him “a feeling in my stomach similar to the one | had.. when |
heard that somebody had..managed to gouge twelve deep
slashes into Rembrandt's masterpiece The Night Watch,™

Why such distress? Because the ultimate fate of the uni-
verse depends on the balance of its gravitational pull and its
lel". trH.'rF:h'. —I.}‘ ratu I.'lfl!i‘il.‘ LWy qu‘n[lll:! s rrprrhl:nll.‘.d I:':I"
the Greek letter L1, or Omega. With a negative value of Omega,
the universe contracts; with a positive value, it expands; with a
zero value, it remains static. In 1998, confronted by evidence
that the universe was expanding at an increasing rate, cosmol-
Ofsts rr!urrrtl!!'d ar ulra ti‘l.ﬂ.‘l El.rl:l-'ll'!'n h;nl Frru'ntrd i hu.
paper on general relativity in 1g0b, but later
discarded. Finding that his mathematics
implied an expanding or contracting uni-
verse and retreating from that implication,
Einstein had restored Omega to zero by
fudging his equations with a cosmological
constant: an energy density in the vacuum
itsell thar would counteract matter's gravi-
tational pull. Fu“t'lw'ing Hubble's disc oVery,
Einstein travelled 1o Mount Wilson to
thank the astronomer personally for deliv
ering him from what he called his “greatest
blunder.”

Hu! mt‘][‘l'n F.ﬂ.ﬁlflf ph}"-‘LL-" I,i.l."l“"
indicate a vacuum energy density, expen-
ments have proven its existence, and since
ol cosmologists have uncasily contem-
plated the probability that it affects cosmic
EXPANSION more than all the aniverse's mat-
ter combined. Indeed, their assessment is
that currently Omega due to empty space
stands at about 6.7, and Omega due to matter, at a.3. What par-
ticularly disturbs Mr. Livio is that this means Omega from
matter has only recently in universal history dipped below
Omega from cmply space, which |mpiu'| that the human race
i living in a singular time—that our vantage point really is spe-
cial. The entire trend reeks, Mr. Livio complains, of the anthro-
pic principle, which holds that the universe’s properties are
dependent on our existence.

Mr. Goldsmith is agnostic in The Runaway Universe,
“Beauty or the lack of beauty does not determine the truth,” he
writes. “The first order of business remains the determination
of the key parameters that describe the cosmos.” He's prepared
to consider the anthropic principle a possibility. | found Mr,
Goldsmith's attitude more agreeable. But his book feels a lintle
bke an introductory semester in Modern Cosmology. M«
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Livio's accounts of cosmology, despite his blather abour aes-
thetic principles in the universe’s laws, will be more vivid for
beginners.

The cﬂ!moh}gu al constant remains a Ihtury based on a
ratio; whatever physical reality underlies it is unclear. Both
authors flunk the rest of lucidly describing the candidates for
that reality. Some theorists have proposed the so-called vacuum
fluctuation energy, caused by a requirement of quantum
physics that “virtual® particles continually jump in and our of
momentary existence throughout space. (Such legerdemain
occurs because an absolute zero probability of a photon's
occutrence in any given volume of space violates the rule of
quantum uncertainty.) But this vacuum fluctuation energy is a
problematic candidate: physicists currently give it a value so
high thar it would aceelerate the universe's expansion so much
that light waves couldn’t make it between us and a mirror, let
alone from distant galaxies.

There are other possibilities. Stephen Hawking now
thinks that “n-dimensional supergravity contains a three-form
gauge held, with a four-form field strength.
When reduced 10 four dimensions, this
acts as 3 cosmological constant,” 1'm sure
my Brst reaction to this is the same as
everyone s—why did it take Mr. Hawking
so long to figure this our?

Yer Mr. Hawking can also see no
way around the anthropic principle. And
the reuth is thar our universe is in its briel
springtime, basking in the big bang's after-
g!nw and with an efflorescence of blur
white stars. Ahead there stretches an eter
nity—if the accelerating expansion we
think we see 13 real — duning which the reds
.lﬂd Ln!rlrﬂj! U‘{ l.iu“\f gltm'lﬂg g:lﬁ'lu
clusters will initially fade beyond each oth-
era’ observational horizons, while their
stars will become black holes, white
dwarfs, and ather stellar remnants. Then
even those remnants w ill#'--apur.nr. Given
all that and the early universe's turbulence,
it would seem that we could have come into existence only
when we did—at the singular moment when the universe's
properties supported our existence. So something like the
anthropic principle s undeniable.

Al any rate, we'll know more soon. By year’s end, the
MNational Aeronautics and Space Administeation will lawnch its
MAP satellite M‘hrrunufj, to be followed, in another seven
years, by the European Space Agency's PMlanck satellite. Both
will observe the universe with unprecedented accuracy and
depth, furnishing more revelations. &

Magk WiLLiams has heard that the universe itself may be juse
a quantum Tactuation in the vold. He agrees with Woody Alles,
wheo said, if nothing really exists, then be definitely overpaid for
bhis carpet. Write 1o markred (i pu.:.i'ir”-rrq*l'.
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