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As a scientist, Vietor Weisskopl has often penetraled and enlightened tough, specific
physical problems. Az a human, he has also often taken the broadest of approaches and gives us
perspective. T is with his inspiration 2nd courage in mind that for a volume celebrating his 85th
birthday T am bold enough to attempt some comments on the awssome but ever preseat question
of the place of humanity in this unverse.

Consider first the past history of our universe, Science has given us remarkable
knowledge of the past and at the same time helpad identify where we are ignorant aboulil. With
substantial cvidence and reasonably comfortable surcly, we can trace the history of our eriverse
all the way back to what might be called the orgin, At the same time, there are prominent
phenomena which arc not explained in terms of what we presently vnderstand. Perhaps still
more importantly, we have essenticlly no knowledge about why the universe has the precise
properties which it has, and vet these propertics are eritically important to our existence itself.

We delect, coming from all directions, a spectrum of relatively long-wavelength radiation
from the so-called big bang -- a possibly unique period about 15 billion vears ago when our
universe wes extremely small and viclently cxploding. As the universe cxpanded, globs of
material pathered together to form the great gulaxies we see today. We can oven lonk into the far
distance with our telescopes and zee palaxies as they were about 80 percent of the way back in
time towards this very bepinning. ‘T'hat such a unique explosion was real is supported not only
by the remnant radiation we detoet, but also by the relative abundances of the hydrogen,
denterium, and heliuvm which we see today. Thess abundances correspond remarkably closely to
theorctical predictions for such an explosion. Nevertheless, in general the scientific community
is instinetively oppased Lo belisving that there was over any grossly unigue per od or situation in
the universe, Thal seems too arbitrary and improbable. Such a feeling has led to considerable
ettort to avoid the peeuliarity of a unique big bang and formation period. Since evidence secms
to foree the conclusion that there was indeed an cxplosion, one possible way of avoding & unique



time is to suppose that the universe, while expanding at the moment duc to this explosion, will
eventually come to rest becanse of the attractive forces of gravity and then begin to conbract and
fall in wpon itself to make agamn a very small object. This in tum will bounce back in an
gxplosive way and initiate another sxpans=ive stage, so that our own period 15 not in fact unil.lLu:?
bul only one of many such cycles of the umverse. We don't 4t present know any mechenisa that
would make it bounce. We also do not find cnough mass in the universe Lo adequately slow
dawn ils expansion and subsequently produce the postulated contraction. Whal we directly see 18
only about one percent of the required mass, though we have observations of motions of galaxies
which indicate there is in fact another ten times more mass which we are not seeing, Thus, we
have good evidence for as much as perhaps ten or even 20 percent of the mass required to
produce the repealed expansions and contractions which some scientists postulate. 1 this
contraction 15 really to occur, there must be either an additional phenomenon we have not
sllowed for or additicnal mass which is not being detected, perhaps of some new lype about
which we are still fundamentally unaware, and for which scizntists are ssarching actrvely. In the
mesniime, We Neman urcer .

We do in any case understand much of the development of the vuverse from the big
bang to the present time. As it expanded, some of the materials contracted into large struclures
the size of our galaxies, with masscs as great as 100 billions of stars. Whal produced this
clumping of material into the palaxies we see is another one of the ntripuing problems not
prezently understood. However, after such clumping occurred we believe we understand the
main subsequent cvents. The gascous matcrial contracted further into stars due o gravity.
Within the interior of stars, conditions are such that nuclear reactions take place und make them
very hot, From the original hydrogen and helium of the big bang, these reactions manuvfactured
the heavier elements sueh as carbon, oxygen, and nitrogen. In time, some of these stars became
unstable and exploded as supernovae, throwing enormous guantitiss of the newly made materials
into interstellar space, and producing clouds containing not only hydrogen and helium bul large

amounts of the many chemical elements we now know, including in particular earbon, o¥ygen,
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nitrogen, iron, and others Which are so important to our own badily structure and functions. Such
clouds then contracted again inlo second-generation stars of which our sun 1s one, and around the
stars were further condensations of materials such as the plansts circulating around our sun, also
containing the nowly manufactured atoms of carbon, cxygen, ete. Thus, the nature of our carth
depends on our sun being a second-generation star formed from raw materials first manufactured
by earlier stars and thrown out into interstellar space by them,

That our universe developed the way it did is delicately dependent on certain parhicular
characteristics. For example, during the first second of the initial explosion, the cxplosive energy
and the amount of mass had to be very closely matched, 1o better than one part in a tnllion. If the
mass hed been slightly too much the universe would have almost immediaely contracted again;
il it had been slightly too little, the upiverse would have expanded so rapidly that there would
have been no condensation of matler and ne formation of stars or life.  For our present existence,
the clectromagnetic forces and the nmuclear forces also need to be very delicately balanced. Tf
nuclear forces were slightly too weak, the heavier nuclei would never have formed and the
universe would have been made only of hydrogen, Chemistry would bave been remarkably
gimple and uninteresting, with cssentially only onz element. On the other hand, il the nuclear
forces were a bit too strong then we would have had only very heavy nuclei and hydrogen would
net have existed at all. Similarly, the strength of gravity had to be just nght.  Our own sun
produces energy in a way which depends on a certain balance between the force of gravity and
the rate of generation of encrgy by nuclear reactions in ita interior. If the force of gravity had
been somewhat larger, then stars would have cooked the nuclear fucl much mote rapidly and
their lifetimes would heve been unhappily short. Our own zun, fortunately, has already lasted 3
billion years - the time needed for life to develop on one of its planets - and we can expect aboul
another 5 billion years. If the forco of gravity had been weaker, material would probably not
have clumped so nicely. Or, if galaxics and stars had formed at all n this case, they would have
been of much larger mass and processes would have been much slower, o that we could not

have developed to the present stage. A large number of other details in the laws of physics
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fortunately turn out to be just right. Creerall, the properties of cur universe need to be stakingly
and delicately adjusted in order for life anything like we know to exist. Such an observenon has
been the basis for what is often called the anthropic principle - that is, the laws of the universe
are arrenged precisely such that humans can exist. Of course, one can also look at this as simply
atautalogy: since we exist the universe must have laws which allow us to exist. But what 15
giriking is that the laws and parameters of our universe are so precisely those which can produce
life. Agnin, such a sense of uniqueness 15 against the instincts of most scientists, because it
seems sa highly inprobable. This s one of the reasons that the existonce of many universes has
been postulated - sach perhaps somewhat different. We are only observing one of them, namely
the one in which human life in our form can exist. The others are present in mulbludinows forms
and exhibit other phenomena, but not the formation of life which creatures like ourselves can
EX PETIBNCE.

Owr own carlh 1= remarkably full of life, Ts there Tife on other planets arcund our sun or
on planets about other stars? Thizs has been a persistent human question. We now know that the
clouds of interstellar material spewed out by past stellar explosions are rich in molecules of the
type which we believe are required for the formation of life. In interstollar space we see carbon,
silicates, and other materials which condense into dust somewhal liks that under our feet  In
addition therc is a wealth of gascous molecules, including water, ammonia, and many
ydrocarbons such as aleohols, ethers, and powerful substances like hydrogen cyanide and
formaldehyde - many of the common and active chemical matenials from which biologists
believe life was criginally formed. Hence, it is casy to surmisc that, as thiz material condenses
inio second peneration stars and plancts about them, the plancts are rich in 2 wealth of moleculcs
and organic matenals required for the building of hving beings. Furthermore, We can 564 0n our
own carth the fantastic adaplability of lile forms, some living in the coldest paris of the earth,
some in the hotiest parts, some serviving by using oxygen as we do, others surviving with very
little oxygen or by using carbon dioxide, some al high pressure under the sea, some ut high

altitudes in rarificd atmospheres, some in darkness, and some in light. The adaptability of life is
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indeed impressive. Ioweves, the wids ranges of conditions we find on earth are by no means the
most extreme conditions on planets i general, By now, space exploration has given us cutensive
enough information about other planets in our solar system to concluds that, in contrast {o our
earth, the present existence of life on these planets or their moons iz quite unlikely.

We belicve that we understand how planets are formed and how gome of the smaller ones
such a5 our carth would have lost most of their former hydrogen and helium and become firm,
earth-like objects surrounded by an atmesphere. There seems every reason for many other stam
in addition o our sun to have planels around them which are faverable o life. And we
understand how life can be supporied on our planet or possibly others under a wide ranpe of
conditions. But we must differentiate between the possibility of the gxistenee of life, which
perhaps we understand, and the possibilily of ils initialion, which we elzarly do not understand.
We gimply do not know the dstailed events which imitiated the formation of life - that is, a
complex molecular organizm which can reproduce itzelf md evolve inte somcthing like the
carlicst fozsil forma we know, We gencrally understand the nature of molecular reactions and
can imagine whal mighl take place to builld up the more complex molecules necessary for life.
But for the present, just how this actually occurred and the probability of its cocurring af all are
guils beyvond us. Sometumes ago, Lecomie du Nowy tried to poinl oul that the molecular stmeture
of life i3 so complex and the probability of each item being properly put into place is so
exceedingly small that some completely mysterious creative event had to take place. However,
wa know thel eryelals form very easily in environments we undemstand well, and they too have
many atoms which have found their way into exact positions.  Crystal regularity and growth
depends in an understandable way on thermodynamics; no mysterious event 15 needed. For
molecules important o life, there may also be natural mechanisms which push the stome mnto
proper place so thal the probability of formation 1s not necessanly extremely low. But for these
molecules of life, we do not know the critical steps and cannot at this point maks any reasonable

calculation of the probatlitics invobved



There has becn much speculation about the possibibity of Life elscwhere in the universe,
and a general fecling thal somchow life must not be nncommon. We know that there arc an
enormous number of stars more or less like our sun. Our own galaxy containg as many as about
100 billion sters and there are perhaps as many as 100 billion galaxies. We understand
mechanisms whereby planets can form about single stars, thouph in fact we have never detected
any planst of the size of our earth around any star like our sun. Detection of such planets is very
difficult and we have little clear evidence of the existence of any plancts other than those around
our sun. MNevertheless, we can reasonably believe many mwst be present in our universe, The
probability of life existing about other stars i3 hence primarily determined by the probability of
its formation. This iz the key question and still unanswered.

We do have three important pieces of evidence about the chances of life forms cxisting an
other nearly stars or perhaps apywhere elae n owr universe. The furst picee of evidence is that
we ourselves exist. We do know that complex life forms appeared on our own planst about 3 1/2
billion years ago, only about one billion years after the formation of the planet itself. They have
bcn.:n evolving ever since in the long, slow, and yet remarkable process of evelution which has
developed the many forms we see today, including our friends. 5o life can form, and agam
scicntific instincts abhor the uniqueness which would be involved if it is only we who exist and
there is nothing else similar anywhere:

The second pertinent pizce of information iz that all life on earth is related, and must
come from essentially the same origin.  This we know becauze many of the critical molecules
involved in living orpanisms have a certain svmmetry which we call left-handed; nonc af thern
are right-handed. Yet, it's clear that the right can be just as efTective as the left hand and there is
no reason why life should not exist in a right-handed form.  So, since all life we see from the
simplest to the most complex forms nvolves lefi-handed molecules we must all be related and
have come from the same event of origin.  This tells us that the probability of formation of life,
even on this earth where conditions for ife seem to be very favorable, is extremely small, Ti

cannot have been initiated more than just a few times during the carth's 4 1/2 billion years

e



Mherwise surely both types would have survived and we would see both lefi=handed and nght-
handed types, Hence the probability of formation must be small and probably requires spesial
conditions. But we do not know how smull nor do we know much about those conditions
excepting that life was formed at a time when there was little free oxygen on earth and probably
conditions were quite different from those we presently experience.

The third piece of evidence is somewhat less direct but may shed some light on the
question of the existence of other forms of life mush like our own. Tt is simply thal ne one has
yet contacted or visred us from a distant planct. If lifc in other places were like our own, it
would presumably have & similar sense of cuniosity.  And once it develops the type of scientific
knowledpge we presently have, further knowledge should grow rapidly. Our own knowledge and
technical abilities have multiplied encrmously in the past hundred years; consider what they may
be in a million, or even a fow hundred years. Asy planet which is only one million yoars ahf:.agi
of us in this reapect would préesumably have & form of life vastly supenor io ours from a
technological and scientific point of ¥iew. Tn our own lifetims we have found a way of reacling
the moon; we should hence expect other life like ours but only 3 million years older may be
visiting other planets including those of other stara. And those extralerrestriols should be curious
ta visit even us. Yol Wa S0e no one.

Thus, there's considerable logic to the idea that the probability of life-forms like ours is
very low and hife stselfl 15 rare enough that we have a special role. But even though rare, there
may be a aumber of colonies of life on a few ol the billions of stars right in our ewn galaxy, stll
so far away from us that perhaps their migration and expansion has not yet reached our own
locality. We are in the process of listening for any signals which might have been put out by life
on other planets. 5o far, we find nonc.

Let us now lry to summanze the present stage of us humans. While we understand a
great deal and our underslanding i1z growing rapidly, there are still many basic questions which
arc open.  How were galaxies ever formed? Is there missing mass or will the umiverse cantinue

to expand, graduslly cool, and eventually di= sa far as life is concerned? Why do the physical



laws have the chareclenstics they do? What ather basic particles or forms of maiter have we still
not seen or even imagined”? How are quanlum mechanics and gravity properly connected? We
find no consistent way of bringing these two impartant fields together. How did life begin?
Even in the absence of such fundamental knowledge, our remarkably derailed and thorough
understanding of many physical processes allow us both to make some very accurate predictions
of the future and at the same time lo recognize a basic lack of predictability in our universe. This
lack of predictability comes aboul parfly because of the uncertainty principle of quantum
mechanies, and partly because of a charactenistic of complex phenomena physicists call chaos,
The latter can be chamcterized by our attemnpl to predicl the weather. At present, weather can be
reasonably predicted over a penod of a few days, not very woll predictzd over more than a few
weeks, and for still longer periods not predicted much more accurately than by our broad
knowledze of seasonal variations. This 19 because, as iz the case for meny aspects of life, very
minar effects can produce major results. I is sometimes said that the flap of a butterfly's wing in
China may be 2 critical event in eventually producing a major storm in the Atlantic. The efTect is
wvery much like the traditional horseshoe nail, where for lack of a nail the shoe was lost, Tor lack
of the shoe the horse was lost, for lack of the horse the rider was loat Tor lack of the rider the
battle was lost. Hence, the war was lost, henee the kingdom was lost, ete. All for the lack of a
horscshoc nail.  And who could have predicted such a path of events or the many other more
complicated and sometimes unstable paths involved in human circumstances?

There are other complexities which we do not understand well enough 1o even discuss
clearly. Bome may be imbedded in the nature of free will. No scientist fezls that he can justify
the common 1dca of froc will on the basis of known principles. Yet 1 believe almost every
scientist, perhaps somewhat uncons¢iously, acts as if free will occurs. We intuifively accept the
ey while recogmizing thal in our present framework of understanding it cannot be correct. Are
basic new comeepts involved? Do we simply fool curselves? What really 15 free will?

In the deseription of the majestic universe which was briefly outlined, we helieve that we

understand rather well some of whal 1= happening and can describs many aapects in detml, Yel
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the simplest forms of life are enormouwsly more complex than any of these matters which we can
puccassfully deseribe at present. No doubt in fime we will understand much more, and we can
anticipale thal with excitement. Are there now phenomena imbedded in complexity which we
have not yet grasped, just as we did not dream of quanium mechanics betore we could cxaming
the very small? Our brains coniain about 1014 synapses or, in modern computer jargon, 10
mi-lli-::nn megabyies of information - and it is all infteracting. Clan the human mind understand with
any completeness something as complex as itself, or is complete understanding of any system by
itself fundamentally impossible?

Cwr scientific and technical suecess has opened up wonderful new possibilibes. Some we
already enjoy and some we can anticipato. On the practical side, it has also brought now
problems and the realization that stll further problema may develop. There is population growth,
coming oul of our successes but producing serious problems. There is environmental damags,
from which both the environment and we ourselves may suffer. There's the possibility of self-
destruction by the cnormous power of nuclcar weapons or bialogical and chemical poisons.
There are alzo major natural threats o humanily which are still not subject to our control. The
outburst of AIDS provides a thought-provaking example of 2 potent virus wilh no ready cure.
Fortunately, that vims is difficult to transmut and requires special circumstances for infection.
But imagmne a new virus, equivalently dangerous, which can be transmitted simply through the
air. We presently have little way of predicting the possibility and potency of such attacks. Thus,
the human race is enormously succesaful, itz biomass on earth represents in some sense &
fantastic evolutionary success. Our understanding results from impressively successful
deductions and potent knowledpe. Nevertheless, we arve still faced with large uncertainbes and
greal dangers, some of which are inherent in our successes.

How far and to where does our universe allow us to proceed? 1 belicve it clear that we
will grow further in knowledge, parlicularly in scientific and technical capabilities. We will
continue to increase our potency for doing things, and the variety of things we can do. Il seems

very likely that the growth of such knowledge cannot be stopped. Ifs too widespread and
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mlergelive with all thal we are. Furthcrmore, our scientifie and technical development can be
expecied to be rapid and probably even imcreasing im speed. A perspeclive s pravided by
remembenng that all of wrilten lnstory has oceurred in only about 70 human hifetimes. Mest of
science has developed within the last couple of hundred years, and a largs [ruelion of it duning
the lifetimes of those of us who presently enjov it. More scientists are sald to be ehve today thun
ha'_fe every lived before. The growth of our knowledge has tended to be cxponenhial and likely
will continuc that way for some time. Furthermore, without some catastrophe the human race
has many years to go. Our sun 15 already about 5-billion years old but 1t has another few billion
years of much the sams bensvolent support for us. By the time il begins to cool down we will
pethaps already be in collision with the Andromeda nebula and there will bestll other problems.
But that iz & long way off and perhaps we will find ways of solving all of these distant problems.

The lulure possibilities are certainly impressive. For example, if we learn how to produce
fusion energy well, then only a few swimming pools full of water can support all the power we
now use on earth for a thousand vears. We have recently learncd how to control the very small.
That is, we can manipulate individual atoms and maolecules, placing them in particular
configurations. We examinz and measure down to a hundredth the size of an individual atom.
Very likely we can alse leam to control things on a very large scale. While the plancts Venus
and Mars are nol presently suitable for human life, we can speculate that the science called
terraforming may make such planets more like the earth by modifying their almospheres and
surfaces in & wey that will allow suitable colonization by bumans, Just how far we can go wilh
such planets or moons iz still not known, but il is not unreasonable to belicve that we can
tranaform some of them into qoite livable real estate. We may miprate to planets of other stars.
Here on earth, we are also inereasingly able to modify the forms of life. While only at its
beginning, our understanding of biclopy and biotechnology has revolutionary potentialities.

The scientific puzzles I have noted above az well as many others will likely be solved,
and their selutions allow us to discover shill deeper puzrles. TUis not elear whether we will ever

reach the end of scientific understanding. 1 personslly think and hope not because Turther
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exploration of knowledge 15 50 fascinating, motivating, and enjoyable. But there will also be
bounds to our potzatial knowledge and bimits moowr futore 28 we have found in parl from our
understanding of quantum mechanics. Our understanding of complexity should advance
remarkably, helped especially by the development of computer systems and the research
directions they bave shimulated. To what extent will humans succeed in understanding with any
completeness our own minds and personaliies? Can a complex system ever have shouph power
to understand 1tsell?  We can be surc of continucd and remarkable advances in human
understanding, bul we can also expect that deep mysterics may remain.

Increase in knowledre with conzeguent increase in human abilities to manipulate both our
universe and the nature of human life itself presents us with increasingly big decisions which will
necessarily be based partly on knowledge, but partly must have ather bases. In the ecological
and envircnmental area, we must al leust decide how much (o compromise the immediate use of
redourees in order to protect ourselves. To what extent do we try to proteet future generations?
And to what extent do parts of our universe, especially other species, have intrinsic values
themselves which are comparable to those of humans and must be prolected?

Perhaps it is the human genome project and the possibility of purposcful genetic
modification of humans that most cogently paints out the tremendeusly important questionz thal
growing knowledge forees us to fece.  As with other types of science, confinued growth of our
knowledge of penetic processes and hence the steadily incressing practicalily of penetic
modification probably cannot be stopped, Much of 1ts use can be very beneficial to humanity.
We can helpfully modify agricuftural products. We can eliminate almost permancntly cerlam
types of diseases or even protect ourselves genetically against certain Increasing environmental
threats. While our present understanding is still quite limited, we must expeel o be able 1o also
medify individual human characteristics in a muktitude of ways. We have in fact for some time
been modifying nature's controlled evolution by medical practices which save parsons and allow
them 1o reproduce when otherwise they would not be able to do so, By medical knowledge we

have thus increased scements of the world population which ctherwise would nat have been able
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to mercase. But with the devclopment of the knowledpe of genstics these relatively minor
changes and the random slow development of nature can be completely overshadowed by overt
and planncd genchic modification.  Arc we to plan what changes in humans will take place and
carry them out over relatively short or over longer periods of time? Who 15 to determine what
ways are allowed or justifiable? Does society have a right to dictate genelic change? Will the
best forms of genetic modification be primarily available to individuals of wealth and the ability
to buy good penetic treatments for their offspring? What represents a defect and what defects
make particular genetic characteristics disposable”? How far do we dare 1o threates namre’s more
random cvolutionary proceszcs in the future development of humans? And what diversity of
humans do we really want? Might we even consider developing different types of huthans each
for different types of jobs as ant colonies have so long ago slready done - one type the super
manual worker, anether the super intellectual, and another the super computer operator? Tn the
mnsect world, such a plan of specialization has worked well. Will some of us be templed to think
in thosme terms?

Biotechnology and our ability to manipulate complex molecules represent the most recent
and eopent reasons for vs to clearly recopnize a change which has taken place in relations
between humanity and the universe around uws. The relatively slow modifications in our
surroundings and in our species which have been diclated for us by the externel universe are now
superseded by the much more rapid modifications that humans are making - on their
surroundings and on humanity itsclf. This change has developed over historie tume, bui has
recently become acute and presents a challenge we must inevitably face -- from now on, ready or
not, to an uncom fortably large degree we oumselves are in charpe.

The present state iz the result of a very long but steadily aceclerating history. The first 10
billion years after the big bang saw the cosmos prepare and produce our sun and earth. During
the next 4 1/2 billion years life was penerated on earth and developed into the diversity we now
enjoy. Only about 60 million vears ago the dinesaurs died off, perhaps ay a result of cometary

bombardment, end made room for the age of mammals. Only two or three million vears mgo
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something like the human species first emerged. And within the last fow hundred yeam human
knowledge has brought about this remarkeblo change in our circumstances. Mo longer is our
development controlled primarily by the relatively slow changes of the universe around s and
evolution by somewhat random eventz. The time scale in which our own knowledges can change
the human eondition and humans themselves In major ways 15 now as short 85 a single human
hifetime, and much shorler than ime scales for the previous natural evolution.

Of course, there are also some major events quits independent of humans which oo
rapidly - for example, volcanic eruplions or perhaps cven nearby supermovae. And one can
imaging 2 natural disaster or ene produced by humans themselves which could be catastrophic,
sciting thz human species back inte 3 much more primitive state than where we are now. I such
occurs at all, T think very likely it could be compensated within a rather short time from a
histoncal pownt of view, such as a hundred years, Tlumanity could then proceed a3 before. ]

Our lives and future will of comse always exist within certain boundares determined by
physical laws, or we might say by the naturc of the universe. We will continue to be both
supported by the cosmos and constrained by it. But within these constraints it seems unlikely
that any lack of knowledge or of versalility in modifying and adapling our surmroundings will lunit
or define human destiny. Tt will primarily be humans themselves who will be determining their
future and the tuture of our environment - not external evenls. To an embarrassing degree, we
are tn charpe. And it will not be so much physical limitations, but our interests and sense of
valucs which will be pnmary deferminants of our future.

What in fact will be our goals? The basic biological drive simply 1o incrense population
indefinitely does not now seem a very salisfying goal 1o most humans; it is instead a worrisome
problem. 1 have already assumed that some of our poals will be like those of the past, for
example that there will be encugh human euriosity and interest in exploration and enough
coherent action on the part of some fraction of our population that knowledze and ability to
modify our circumstances will continue to gow. Such poals need not be universal; intellectual

diseovery has often been an individoal affwr or dependent on only a small proup of mdividaals
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Success in other areas can require broader eollaboration, but humanity has always had difficulty
i finding goals, mterests, or behaviors which &re universally cnough accepted so that we can all
act coherently. What instincts and purposes will in fact be dominant? Will we search for some
sense of "doing good" such as human corichment, however that may be defined? Is it
development of individual powers, or group powers? Is it power over the externals we seck - to
accomplish something by making & notable mark on the world = or simply to conirel others?
Will it be physical satisfactions like eating, sex, drugs, or perhaps the ullimate passive pleasure
of finding the best electrical stimuli for pleasure centers of the brain? Will our divensity and
medley of values simply result in clashes and & wide variely of both purposes and outcomes?

The universe has been steadily yielding itz secretz and ity powers to human skill and
mntellect: T feel rather confident this will continue. Whal 1= erucial but not so clear about
humanity's future are our values, our real desires, and our ability to act together echerontly. On
such subjects 1 suspect most of vs are hopeful, but vncertan.

The questions with which we began, and which any child might ask, are perhups oo
profound for clear answers even with the backpround of our impressive knowledge. Why indesd
are we here? Secisnce can at presenl only say because many particular things eccurred as they
did. Bul thiz iz & rather bamen slatemeni withowi evalvation of whether the fascinating
particularities that brought us here were inevitable or random. And were are we going? Wo can
predict with some reliability for one or two decades, or perhaps hope to do so for a few more, but
oo longer do the conditions of human existence remain morc-or-less the same over several
generations, And as for what will actuslly happen in the longer run, or for the eritical sense of
values which must be associated with whatever answers we even unconsciously find for the why
ot where, all thoughtful humans share 2 profound responsibility which cur growing knowledge

and its potential make ever more polgnant.
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