I have been asked to comment on
whether the universe shows signs of
having been designed.! I don’t see how
it's possibie to talk about this without
having at least some vague idea of
what a designer would be like. Any
possible universe could be explained
as the work of some sort of designer,
Even a universe that is completely
chaotic, without any laws or regulari-
ties at all, could be supposed to have
been designed by an idiot.

The question that seems to me to be
worth answering, and pethaps not im-
possible to answer, is whether the uni-
verse shows signs of having been de-
signed by a deity more or tess like
those of traditional monotheistic reli-
gions—not necessarily a figure from
the ceiting of the Sistine Chapel, but at
teast some sort of personality, some
intelligence, who created the universe
and has some special concern with life,
in particular with human tife, I expect
that this is not the idea of a designer
held by many here. You may tell me
that you are thinking of something
much more abstract, some cosmic
spirit of order and harmony, as Ein-
stein did. You are certainly free to
think that way, but then [ don't know
why you use words like “designer” or
“God,” except perhaps as a form of
protective coloration.

It used to be obvious that the world
was designed by some sort of intelli-
gence. What else could account for fire
and rain and lightning and earth-
quakes? Above all, the wonderful abil-
ities of living things seemed 1o poim
to a creator who had a special interest
in life. Today we undersiand most of
these things in terms of physical forces
acting under impersonat laws, We don't
yet know the most fundamental laws,
and we can’t work out all the conse.
quences of the laws we do know. The
human mind remains extraordinarily
difficult to understand, but so is the
weather, We can’t predict whether it
will rain one month from today, but
we do know the rules that govern the
raip, even though we can't always cal-
culate their consequences. I see poth-
ing about the human mind, an¥ fidre
than about the weather that stands out
as beyond the hope of understanding
as a consequence of impersonal laws
acling gver billions of years.

There do not seem to be any excep-
tions to this natural order, any mira-
cles. T have the impression that these
days most theologians are embar-
rassed by talk of miracles, but the
great monotheistic faiths are founded
on miracle stories — the burning busk,
the empty tomb, an angel dictating
the Koran to Mohammed —and some
of these faiths teach that miracles con-
tinue at the present day, The evidence
for all these miracles seems to me to
be considerably weaker than the evi-
dence for cold fusion, and I don't be-
lieve in cold fusion. Above all, today
we understand that even human be-
ings are the result of natural selection
acting over millions of years of breed-
ing and eating.

'This articte is based on a talk givenin
April 1999 at the Conference on Cos-
mic Design of the American Associa-
tion for the Advancement of Science
in Waskington, D.C.
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A Designer Universe?

Steven Weinberg

I‘d guess that if we were to see the
band of the designer anywhere, it
would be in the fundamental princi-
ples, the final laws of pature, the book
of rules that govern all natural phe-
nomena. We don’t know the final laws
yet, but as far a5 we have been able to
see, they are utterly impersonal and
quite without any special role for life,
There is no life force. As Richard
Feynman has said, whep yvou ook mt
the universe and understand its laws,
“the theory that it is all arranged as a
stage for God to watch man's struggl
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tor good and evil seems inadequate.”

True, when quantum mechanics was
new, some physicists thought that it
put humans back into the picture, be-
cause the principles of quantum me-
chanics tell us how to calculate the
prebabilities of various results that
might be found by a human obsetver.
But, starting with the work of Hugh
Everett forty years ago, the tendency
of physicists who think deeply about
these things has been to reformuiate
quantum mechanics in an entirely oh-
Jective way, with observers treated just
like everything else. 1 don't know if
this program has been completely suc-
cessful yet, but [ think it will be.

I bave to admit that, even when
physicists will have gone as far as they
can go, when we have a final theory,
we will not have a completely satisfy-
ing picture of the world, because we
will still be left with the question
“why?” Why this theory, rather than
some other theory? For example, why
is the world described by quantum me-
chanics? Quantum mechanics is the
one part of our present physics that is
likely to survive intact in any futers
theory, but there is nothing logically
inevitable about guantum mechanics:
I can imagine a universe gaverned by
Newtonian mechanies instead. So there
seems to be an irreducible mystery
that science will not eliminate,

But religious theories of design have
the same problem. Either you mean
something deflinite by a God, a de-
signer, or you don’t. If you don't, then

what are we talking about? If you do
mean something definite by “God” or
“design,” if for instance you believe in
@ God who is jealous, or loving, or in-
telligent, or whimsical, then you still
must confront the question “why?” A
religion may assert that the universe is
governed by that sort of God, rather
than some other sort of God, and it
may offer evidence for this belief, but
it cannot explain why this should be
50.

In this respect, it seems to me that
Physics is in a better position to give us
a partly satisfying explanation of the

world than religion can ever be, be-
cause although physicists won't be able
to explain why the laws of nature are
what they are and not something com-
pletely different, at least we may be
able to explain why they are not
slightly different. For instance, no one
has been able to think of a logically
consistent alternative to quantum me-
charics that is only stightly different.
Once you start trying to make small

- changes in quantum mechanics, you

Eet into theories with negative proba-
bilities or other logical absurdities.
When you combine quantum mechan-
ics with relativity you increase jts logi-
cal fragility. You find that unless you
arrange the theory in just the right way
you get nonsense, like effects preced-
ing causes, or infinite probabilities.
Religious theories, on the other hand,
seem to be infinitely flexible, with
nothing to prevent the invention of
deities of any conceivable sort.

Now, it doesn't settle the matter for
me to say that we cannot see the hand
of a designer in what we know about
the fundamental principles of science.
It might be that, although these prin-
ciples do not refer explicitly to life,
much less human life, they are never-
theless craftily designed to bring it
about,

Some physicists have argued that
certain constants of nature have values
that seem to have been mystericusly
fine-tuned 1o just the values- that
allow for the possibility -of life, in a
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way that could only bé cxplained by
the intervention of a designer with
some special concern for life. T am
not impressed with these supposed in-
stances of fine-tuning. For instance,
one of the most frequently quoted
examples of fine-tuning has to do with
2 property of the nucleus of the car-
bon atom. The mattet left over from
the first few minutes of the universe
was almost entirely bydrogen and he-
lium, with virtually none of the heav-
ier elements like carbon, nitrogen, and
oxygen that seem to be necessary for
life. The heavy elernents that we find
on carth were built up hundreds of
millions of years later in a first gen-
eration of stars, and then spewed out
into the interstellar gas out of which
our solar system cventually formed.
The first step in the sequence of
nuclear reactions that created the
heavy elements in early stars iy usually
the formation of s carbon nuclous
out of three helium nuclei, There is a
negligible chance of producing a car-
bon nucleus in its norma) state {the
state of lowest energy) in collisions

of three helium nuclei, but §t would

be possible to produce appreciable
amounts of carbon in stars if the car-
bon nuclens could exist in a radio-
active state with an energy roughly 7

milliog electron volts (MeV) above the

ecergy of the normal state, matching
the energy of three helium nuclei, but
(for reasons I'll come to presently) not
more than 7.7 MeV above the normal
state.

This radioactive state of a carbon
nucleus could be easily formed in stars
from three helium nuctei. After that,
there would be no problem in prodiic-
ing ordinary carbon; the carbon nu-
cleus in its radioactive scate would
Spontanccusly emit Llight and turn inte
carbon in its normal nonradioactive
state, the state found op earth. The
critical point in producing carbon is
the existence of a radioactive state
that can be produced in collisicns of
three helium puclei.

In fact, the carbon nucleus is known
cxperimentally to have just such a
radioactive state, with an energy 7.65
MeV above the normal state, At first
sight this may seem like a pretty close
call; the energy of this radicactive
state of carbon misses being too high
to allow the formation of catbon {and
hence of us) by only 0.05 MeV, which
is less than one percent of 7.65 MeV.
It may appear that the constants of
nature on which the properties of all
nuclei depend have beep carefully
fine-tuned to make life possible.

Looked at more closely, the fine-
tuning of the constants of nature here
docs oot seem so fine. We have to con-
sider the reason why the formation of
carbon int stars requires the existence
of a radioactive state of carbon with an
energy not more than 7.7 MeV above
the energy of the normal state. The
reason is that the carbon nuclej in this
state are actually formed in a two-step
process: first, two helium nuclei com-
bine to form the unstable nucteus of a
beryllium isotope, beryllium B, which
occasionally, before it falls apart, cap-
tures another helium nucleus, forming
a carbon nucleus in its radioactive
state, which then decays into normal

;
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these fortunate cases that there is any-
one thinking about cosmic design. As-
tronomers call this a selection effect.

The universe is very large, and per-
haps infinite, so it should be no sur-
prise that, among the enormous num-
ber of plagets that may support only
unintelligent life and the still vaster
aumber that cannot support life at all,
there is some tiny fraction on which
there are living beings who are capa-
ble of thinking about the universe, as
we are doing here. A journalist who
has been assighed to interview lottery
winners may come to feel that some
special providence has been at work
on their behalf, but he should keep in
mind the much larger number of lot-
tery players whom he is not interview-
ing because they haven’t won anythmg
Thus, to judge whether our
lives show evidence for a
benevolent designer, we have
not only to ask whether life
is better than would be ex-
pected in any case from what
we know about natural selec-
tion, but we need also to take
into account the bias intro-
duced by the fact that jt is we
who are thinking about the
probiem.

This is a question that you
all will have to answer for
yourselves, Being a physicist
is no help with guestions like
this, so I have 1o speak from
my own experience. My life
has been remarkably happy,
perhaps in the upper 99.99
percentile of human happi-
ness, but even so, | have seen
a mother die painfully of
cancer, a father’s personatlity
destroyed by Alzheimer's dis-
ease, and scores of second
and third cousins murdered
i the Holocaust. Signs of a
benevolent designer are pretty
well hidden.

The prevalence of evil and
misery has always bothered
those who believe in a benev-
olent and omnipotent God. Some-
times God is excused by pointing 10
the need for free will. Milton gives God
this argument in Paradise Lost

I formed them free, and free they
mist remain

Till they enthral themselves: [ else
must change

Their nature, and revoke the high
decree

Unchangeable, eternal, which
ardained

Their freedom; they themselves
ordained their fail.

It seems a bit unfair to my relatives to
be murdered in order to provide an
opportunity for free will for Germans,
but even putting that aside, how does
free will account for cancer? Is it an
opportuaity of free will for tumors?

I don't need to argue here that the
evil in the world proves that the uni-
verse is not designed, but only that
there are no signs of benevolence that
might have shown the hand of a de-
signer, But in fact the perception that
God cannot be benevolent is very old.
Plays by Aeschylus and Euripides
make a quite cxplicit statement that
the gods are selfish and cruel, though
they expect better behavior from hu-
mans. God in the Old Testament tells
us ta bash the heads of infidels and de-
mands of us that we be willing to sacri-

fice our children's lives at His orders,
and the God of traditional Christianity
and Islam damns us for eternity if we
do not worship him in the right man-
ner. Is this a nice way to behave? 1
know, 1 know, we are not supposed to
judge God according to human stand-

-ards, but you see the problem here: If

we are not yet convinced of His exis-
tence, and are looking for signs of His
benevolence, then what other stand-
ards can we use?

The issues that [ have been asked
10 address here will seem to many to
be terribly old-fashioned. The “argu-
ment from design™ made by the Eng-
lish theclogian William Paley is not on
most peoples’ minds these days. The
prestige of religion seems today to de-

The God of Creation measuring the world with dividers, from a
mid-thirteenth-century ilfustrated Bible from Reims

rive from what people take to be its
morzl influence, rather thar from
what they may think has been its suc-
cess in accounting for what we ses in
nature. Conversely, I have to admit
that, although 1 really don't believe in
a cosmic designer, the reason that I
am taking the trouble to argue about
it is that T think that on balance the
moral influence of religion has been
awful.

This is much too big a question to be
seltled here. On one side, I could point
out endiess examples of the harm done
by religious enthusiasm, through a
long history of pogroms, crusades, and
jihads. In our own century it was a
Muslim zealot who kilted Sadat, a Jew-
ish zealot who killad Rabin, and a
Hindu zealot who killed Gandhi. No
one would say that Hitler was a Chris-
tian zealct, but it is bard to imagine
Nazism taking the form it did without
the foundation provided by centuries
of Christian anti-Semitism. On the
other side, many admirers of religion
would set countless examples of the
good done by religion. For instance, in
his recent book Imagined Worlds, the
distinguished physicist Freeman Dyson
has emphasized the role of religions

belief in the suppression of slavery. I'd |

like to comment briefly on this point,
not to try to prove anything with one
example but just to illustrate what I

think about the moral influence of
religion.

It is cestainly true that the campaign
apainst slavery and the sfave trade was
greatly strengthened by devout Chris-
tians, including the Evangelical iay-
man William Witberforce in England
and the Unitarian minister William
Eltery Chanring in America. But
Christianity, like other great world re-
ligions, lived comfortably with slavery
for many centuries, and slavery was
endorsed in the New Testament. So
what was different for anti-slavery
Christians like Wilberforce and Chan-
ning? There had been no discovery of
new sacred scriptures, and neither
Wilberforce nor Channing claimed to
have received any supernatural reve-

lations. Rather, the eighteenth century

had seen a widespread in-
crease in rationality and hu-
manitarianism that led oth-
ers—for instance, Adam
Smith, Jeremy Bentham, and
Richard Brinsley Sheridan—
also to oppose slavery, on
grounds having nothing to
do with religion. Lord Mans-
field, the author of the de-
cision in Somersert's Case,
which ended slavery in Eng-
land (though not its col-
onies), was no more than
conventionally religious, and
his decision did not men-
tion religious arguments. Al-
though Wilberforce was the
instigator of the campaign
against the stave trade in the
1790s, this movement had gs-
sential support from many
in Parliament like Fox and
Pitt, who were not known for
their piety. As far as T :all
tell, the moral tone of reli-
gion benefited more from
the spirit of the times than
the spirit of the times bene-
fited from religion.

Where teligion did make
a difference, it was more
in support of slavery than
in opposition to it. Arguments from
scripture were used in Parliament to
defend the slave trade. Frederick
Douglass told in his Narrative how his
condition as a slave became worse
when his master underwent a religious
conversion that allowed him to justify
slavery as the punishment of the chil.
dren of Ham, Mark Twain described
his mother as a genuinely good person,
whose soft heart pitied even Satan, but
who had po doubt about the legiti-
macy of slavery, because in years of
living in antebellum Missouri she had
never heard any sermon opposing
slavery, but only countless sermons
preaching that slavery was God’s will. -
With or without religion, good people
can behave well and bad people can do
‘evil; but for good people to do evil—
J1hat takes religion.
i Io an e‘mail* message from the
‘American Association for the Ad-
vancement of Science 1 learned that
the aim of this conference is to have a
constructive dizlogue between science
and religion. I am all in favor of a dia-
logue between science and religion,
but not a constructive dialogue. One of
the great achievements of science has
been, if not to make it impossible for
intelligent people to be religious, then
at Jeast to make it possible for them
not to be religious. We should not re-
treat from this accomplishment. O
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carsont. The total energy of the beryl-
linmn 8 nucleus and a helium nucleus at
restis 7.4 MeV above the energy of the
normat state of the carbon nucleus; so
if the energy of the radioactive state of
carbon were more than 7.7 MeV it
could only be fermed in a collision of a
helium nucleus and a beryllium 8 nu-
cleus if the energy of motion of these
two nuclei were at least 0.3 Mev_—an
energy which is extremely unlikely at
the temperatures found in stars.

Thus the crucial thing that afisets
the production of carbon in stars is not
the 7.65 MeV energy of the radicactive
state of carbon above its normal state,
but the 0.25 MeV energy of the radio-
aclive state, an unstable composite of
a beryllium 8 nucleus and a helivm nu-
cleus, above the energy of those nuclei
at test.” This energy misses being too
high for the production of carbon by a
fractional amount of 0.05 MeV/0.25
MeV, or 20 percent, which is not sucha
close call after ail,

This conclusion about the lessons to
be learned from carbon synthesis is
somewhat controversial, In any case,
there is one constant whose value does
seem remarkably well adjusted in our
favor. It is the energy density of empty
space, also known as the cosmological
constant. It could have any value, but
from first principles one would guess
that this constant should be very large,
and could be positive or negative, If
large and positive, the cosmotogical
constant would act as a repulsive force
that increases with distance, a force that
would prevent matter from ¢lumping
together in the early universe, the
process that was the first step in form-
ing gataxies and stars and planets and
*wople. i large and negative the cos-
nclogical constant would act as ag
atwractive force increasing with distance,
a foree that would almost immediately!
reverse the expansion of the unjverse
and cause it to recollapse, leaving no
thme for the evolution of life. In fact,
astronomical observations show that
the cosmological constant is quite small,
Yery” iuch smailer thag would have
been guessed from firy principles..

It is still too early to tell whether
there is some fundamental Pprinciple
that can explain why the cosmological
constant must be this small. But even
if there is no such principle, recent
developments in cosmology offer the
possibility of an explanation of why
the measured values of the cosmologi-
<al constant and other physical con-
starts are favorable for the appear-
ance of intelligent life. According to
the “chaotic inflation” theories of
André Linde and others, the expand-
ing cloud of billions of galaxies that
we call the big bang may be just one
fragment of a much larger universe in
which big bangs go off ail the time,
each one with different values for the
fundamental constants,

In any such picture, in which the uni-
VErse Contains many parts with differ-
ent values for what we call the con.
stants of nature, there would be no
_—

“This was pointed out in a 1989 paper
by M. Livio, D. Hollowell, A. Weiss,

1. W. Truran ("The anthropic sig-

1cance of the existence of an excited
state of "*C,” Nawre, Val. 340, No.
6231, July 27, 1939), They did the cal-
culation quoted here of the 7.7 MeV
maximum energy of the radioactive
state of carbon, above which little car-
ben is formed in stars.
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difficulty in understanding why these
constants take values favorable to in-
telligent life. There would be a vast
number of big bangs in which the con-
stants of nature take values unfavor-
able for life, and many fewer where
life is possible. You don't have to in-
voke a benevolent designer to explain
why we are in one of the parts of the
universe where life is possible: in ali
the other parts of the universe there s
0o ote 1o raise the question.? If any
theory of this general type turns out to
be correct, then to conclude that the
constants of nature have been fine-
tuned by a benevolent designer wouid
be like saying, “Isn't it wonderful that
God put us here on earth, where
there’s water and air and the surface
gravity and lemperature are so com-
fortable, rather than some horrid
place, like Mercury or Pluto?” Where
else in the solar system other than on
earth could we have evolved?
Reasoning like this is called “an-
thropic.” Sometimes it just amounts
10 an assertion that the laws of nature
are what they are se that we can ex.
ist, without further explanation. This
seems to me to be little more than
mystical mumbe jumbe. On the other
hand, if there really is a large number
of worlds in which some constants
take different values, then the an-
thropic explanation of why in our
world they take valuss favorable for
life is just common sense, like explain-
ing why we live on the earth rather
than Mercury or Plute, The actual
value of the cosmological constant, re-
cently measured by observations of
the motion of distant supernovas, is
about what you would expect from this
sort of argument: it is just about small
enough so that it does not interfere
much with the formation of galaxies.
But we don't yet know enaugh about
Physics to tell whether there are diffet-
ent parts of the universe in which what
are usually called the constants of
physics really do take different values,
This is not a hopeless question; we will
be able to answer it when we know
more about the quantum theory of
gravitation than we do now,

Il would be evidence for a benevolent
designey if life were better than could
be expected on other grounds. To
ijudge this, we should keep in mind
that a certain capacity for pleasure
would readily have evolved through
natural selection, as an incentive to
animals who need o ezt and bread in
order to pass on their genes, It may not
be likely that natyra] selection on any
one planet would produce animals
who are fortunate enough to have the
leisure and the ability to do science
and think abstractly, but our sample of
what is produced by evolution js very
biased, by the fact that it is only in

*The same conclusion may be reached
in a more subtle way when guantum
mechanics is applied to the whole upj-
verse. Through a reinterpretation of
eatlier wotk by Stephen Hawking, Sid-
ney Coleman has shown how quantum
mechanical effects can lead 10 a split
of the history of the universs {more
precisely, in what is calied the wiave
function of the universe} into z huge
number of separate possibilities, each
one corresponding 1o a different set
of fundamental constants. See Sidney
Coleman, “Black Holes as Red Her-
tings: Topological fluctuations and the
loss of quantum coherence,” Nuclear
Physics, Vol. B307 (1988), p. 867.
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fewer than 900 thows and almost 8,000 show
tunes, Kern, Genshwin, Bodgen, Porter. Bedin,
B in, Loesser, Sondheim, Kander, Finp,
Flaherry. and mom—Suskin covers their works,
innpvations, suecemey, and fajlures.

Qursbar 1949 620 pp 550,00

READING 1922
A Bk 1o the Soone of e Modam
MICHAEL MoRTy

This engaging stady rewrns w2 truly remurkable
year, the yt:us:.n which both Lfsser and The Mase
Land were published, in which The Grat Craishy
wan set, and duzing which the Fascisg vook aver jn
laly, the Irish Free Sare was barn, the Harlem
Renaissance reached iy peak, Chadie Chaplin’y
popularicy crested, and King Tutankhamen tamb
war di d. Michael North shows how the

develapment took place. Basing his hyy on
evidence fiom the (Su.r'm and eurly lslamic [ierary
sources, Firestone Incatey che origin of lamic haly
wat 2nd maces in svoleton w1 2 Tespanss to the
pressures facing the new Muglim COmMMmULty.
Orteber T99 200 gp. 525,00

BRITISH POLITICS IN THE GLOBAL AGE
! ryrers (07 Sodol
JOEL KX¥GER
Here, Joel Krisger provide
an in-depth sudy of New
Laboury made! of govern.
ment and the political chal-
lenges i facey, He alyzes
the interuction of global
forcoy with domesric peli-
et and introduces the
concept “modular politcs”
P explain the :romexh
t process of idena:
formanon that shapes—and poentially dnta.b?:r
I.iies—-ccmempnnry politics,
Suptembr 1992 b gmeer SIPT5 nth HLLA M

Survve?

FOLITICg
1Y THi
CLORAL AGE

£5 AKD INTERNATIGNAL SOCIETY
AREND o

Herw are internationat legal rules dutincrive? How
do an wvestigator determmine the exinence of a
rule of international law? Does inteznational law
really mattez in intermational polidoa? Whar efect
could the changing mature of international relations.
have on international law? Thi interdisciplinary
study focuses on these questions, while Atguing thar
nternational law can have 3 profound impace on
state behavior.

1999 T1 pp. popur SIT.95 doth $35.00

Pricas e subyeet g change and gy onby
ooty coll T-BO451-7554. I Conod, cod 1.8

evenas and baoks of <his year shified the coure af
tary.

ry:
Octobur 193Y 208 py.: 14 balitwues 535,00

Auarded the Frank 5. and Elizabeth Brewer Prize
of the Aniericem Socisty of Churck History
(M DISCORDANCE WITH THE SCRIPFTURES
Ameciom Frotesmt Bttt (v Tarrshotiog th Bilie
PETER | THUESEN

Responding w inaccuracics in the King lames
Verson of the Bible. the ninsieenth-century revi-
$ion movement sought ro unice al Englih-speak-
ing Protsstants behind one new, improved vermioo
of the Bible. lronscally, a5 Peter Thuestn sthows in
this fuscinaing hustory, the revision ingvement in
fact resulted in a vast proliferstion of English S Hp-
e editons and an enduring polaritation of
Ametican Christians over versions of Holy Weir.
{Religion im Amevicat

Bevamber 19MF 024 py F hatet, 3 line Mhes, 52500

STARYING FOR SALVATION

The Spiatued Ovmrmions of Efing Proklems Among Amerion
and Women

WICHELLE MARY {ELWRCA

“Lebwicad thesis that caing disardens both mark
and reveal degp spirial hungen, which she defines
broadly a0 hungen for meaning and value, iy
excaordinarity well myearched and cleardy. cogendy.
and persvasively argued, Her analym and crifique
make bor powerful wading, and she follows up with
an equatly strong consgructive Program in conclu-
son...A major advance in undenuanding eating dis-
orden”  —Pouls Cogey, Trinity Univenity,

I Y S50

in tha 1. To erder, ot o more selortrtion,
00-387-8020. Yicit ou website 1w, . cam




