A Cosmic Perspective

Chapter 20: Mankind in the Universe

Cosmological questions form a perpetual link between science and philosophy. The interesting
questions consistently lie at, or even beyond, the boundary between the knowable and the
unknowable; yet we@e seen that boundary move a long way from the times of the pre-Socratics.
We®e considered the state of cosmological knowledge up to the mid 1970s: the general expansion
of the Universe, the Big Bang Theory of the history and the evolution of the Universe, and we have
even approached the possibility that spacetime is itself the substance of our being. There have
been many important advances since the 70s, but there is only so much time in an academic
quarter. Yet there still exist many unanswered cosmological questions, and surely we®e only
begun to grasp the Universe in a most superficial way. In fact, a number of the questions which
we might ask, questions that could well be crucial, we cannot even formulate at the present time.
Imagine Copernicus attempting to anticipate the concept of catastrophic gravitational collapse.
His disadvantage must also be our own. The biggest questions still remain. Why is the Universe
the way it is? Can we come to understand the Universe on a sufficiently fundamental level to see
how it came into existence, to answer the question: why is there something instead of nothing?

Throughout history, there have been people who asked questions that seemed meaningless to
their own generations. Giordano Bruno: Why not an infinite Universe, a Universe of stars
scattered throughout space each with planets and people, a multiplicity of worlds? Heinrich
Olbers: Why is the sky not bright if we live in an infinite Euclidian Universe? Einstein: Why not
consider the geometry of spacetime as an equivalent description of the effects of gravity? One of
the people in our own time who keeps asking and forcing us to consider questions that lie beyond
the frontier of knowledge, is Professor John Archibald Wheeler, formerly Joseph Henry Professor
of Physics at Princeton University. Heis a distinguished theoretical physicist who, in his early
career made truly important contributions to the understanding of nuclear structure and the
mechanisms of fission and fusion. He then became the principal contributor to the growth of
what is now termed gravitation physics: gravitational collapse, neutron stars, Black Holes,
gravitational waves. The advances in this field over the past few decades are in large part, directly
or indirectly, the result of the vision and energy of this man. | was very pleased that my former
teacher generously agreed to share his insights in this 1974 television interview, a transcript of
which follows.

Paul Boynton: Professor Wheeler, we are very pleased to have you here today.
John Wheeler: 1t@ very good to be here, Paul.

Paul Boynton: You know there® a whole class of questions that we havenOteally touched on in
this course on cosmology. TheyOe questions that really come down to asking how is it that the
Universe began. How can we understand that singular problem, and in fact, is it the kind of
guestion that we can ever come to grips with, that we can ever answer?

John Wheeler: To me, that is the biggest question ahead of us in the next five hundred years; just
as among all the great discoveries of the last five hundred years, to me, at any rate, the biggest,
most marvelous discovery of all was the discovery of how life came into beingN the discovery
which we associate with the name of Darwin and DNA. Two hundred years ago you could ask
anybody, GCan we some day understand how life came into being?O He would have told you
preposterous! Impossible! | feel the same way about the question: QWill we ever understand the
way the Universe came into being?O And | can well believe that the evidence that we need is right
in front of us, right now, and that we just have to look in front of our noses.
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Paul Boynton: 1t@ a truly fascinating prospect, exciting, to say the very least, to think that one
might really be able to answer that question. How do you think that we®e going to make some
inroads into that problem? What@® the best way to approach the problem?

John Wheeler: Well, | know from all the times past in association with and following the
discoveries of other people, that a paradox, a difficulty, is the greatest hope of an advance. No
paradox, no progress. And to me, the marvelous thing is that weOe got two paradoxes today.
We®e got the prediction that the Universe collapses with the experimental evidence for that
collapse on a smaller scale in a Black Hole; and we have the other paradoxical feature of nature,
the feature shown in the quantum principle, which is a whole separate story: Why we somehow
are strangely involved in that which we seem to think is happening outside of us. Why | am not
an observer, you®e not just an observer, we are participators.

Paul Boynton: The fact that we canOthelp but affect the system if we try to measure it.

John Wheeler: Right. This strange feature of quantum mechanics is trying to tell us something,
and today it comes to us as something foreign, something strange, unwanted. If we really
understood it, it would seem like the most natural thing in the world. The Universe could simply
not have come into being without it and until we see it in those terms we havenOwunderstood the
first thing about it. Sothat, to me, is the second great paradox, the second great crisis, the
second great hope that some new understanding lies around the corner.

Paul Boynton: And of course, the first crisis, the really important thing that you would like to
stress is what aspect?

John Wheeler: Thefirst oneis this paradox that the only thing worse than a Universe that begins
with a Big Bang and ends with a collapse is a Universe that doesnOthave some such singularity
about it. 1t@ just as bad as a man without an umbilicus; there never was such a man. You could
have painters who paint people without an umbilicus, but there was never anybody born that
way, and what other way could the Universe have come into being except through a Big Bang?
And if it comes into being with a Big Bang, doesn®it have to fade away into a collapse? What
goes on at those two ends of time? That® the central question. | like that distinction you were
speaking of the other day between cosmogony, how the Universe came into being, and cosmology,
what the Universe does after it® already here. This question is certainly a question of cosmogony.
How did the Universe come into being? Of course, we have to say that some of our astronomical
colleagues today are not certain that the Universe is a closed Universe, and are not certain that
the Universe is going to collapse fifty, sixty, eighty billion years down the road from today. But if
we go back to Einstein we have to agree that Einstein always argued that it would be
unreasonable to have any other kind of Universe than a closed Universe. We®e been through so
many ups and down of astrophysical evidence, that | for one am certainly ready to keep on looking
for evidence turning up that will shown the Universe not to be maybe open, maybe closed, but
surely closed.

Paul Boynton: Yes, definitely closed. So you think that the tentative observation of gravitational
collapse on a small scale (that is what we feel we now observe in the Cygnus x-ray source, the
current evidence for Black Holes)...you think that Black Holes are in a sense a GnicroscopicO[as
opposed to macroscopic] hope that gravitational collapse has some very real meaning for both the
coming-into-beings and demise of the Universe.*

John Wheeler: A Black Holeto meis our most impressive single piece of evidence aside from the
Big Bang for this phenomenon of gravitational collapse. A kind of foretaste of the collapse
predicted for the Universe itself at the end of time. 1tOsa perfectly marvelous thing that Roger
Penrose has pointed out that the collapse of a Black Hole is really not geometrically distinct from
the collapse of the Universe itself. You can, if you will, make a diagram with time going up like
this and space across like this, and think of the final collapse as coming to a barricade like the ice
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at the top of an ice cave (see second fig. In Program 18). You can think of the Black Hole which
forms much earlier than that final collapse of the Universe as an icicle hanging down from the top
of that cave. Collapse of the material of a star into that Black Hole is analogous to the formation
of the tip of the icicle. And that tip of the icicleis also in this view just a part of, and piece of, and
no different from, the collapse itself at the end of time.

Paul Boynton: It® interesting, you brought up this aspect of spacetime that weOwe talked about at
great length in the course, namely the geometry of spacetime. WeQe also just discussed that one
has to somehow arrive at even more fundamental notions of the physical Universe than we have
now. How fundamental do you think the geometry of spacetime is in describing the Universe
which we live in?

John Wheeler: Well, | for one, was terribly impressed with Einstein® great dream that everything
in the world is made out of this kind of magic building material, geometry. When it® curved in
one place, it describes geometry, and when it® rippled in another place somewhere else, it
describes electromagnetic waves, and when it® twisted up into a knot in a third place, it® a
concentration of energy that looks like mass. But all the work, all the evidence, all the figuring, in
the meantime in the last 20 years has led me in the end to conclude that that pictureis too
finalistic to be final. Too simplistic to be simple. 1tOd00 righteous to be right. There must be
something deeper and simpler beneath it all. Call it pre-geometry, or call it what one will. You
can look at the glass that comes out of a rolling mill and it looks as smooth as homogeneous as
anything you could want. And you and | know that in principle if we could get a microscope we
could see all the atoms and molecules of that glass. In just that same way | feel that the space is
really an approximation view of things. That when we really get to looking at it closer, not only
space but particles will turn out to be made of something far deeper, far simpler at the bottom of
things. | like to call it pre-geometry just to symbolize the fact that it is something deeper than
geometry. And there have been these views that as we go on looking at nature from molecules to
atoms and atoms to nuclei, and nuclei to elementary particles, it will go on forever and ever, world
without end, to finer degrees of structure. Whereas other people have talked of the structure
ending at a certain point. But IOmquite prepared to believe that a third view might be the proper
one. That Leibniz logic loop. That in some magic way as we get down deeper wedlfind ourselves
at the bottom of things; the observer brought back and tied in at the center of the picture.

Paul Boynton: That® a sobering thought to say the least.

John Wheeler: Well it® inspiring to realize how much has been written on these questions by
great people of the past, that serves as a guide to our thinking about it today. This question of
how the Universe comes into being, to me, is such an inspiring story. Some people think that
we®e just a little accident off in a far away corner of the Universe, not very important in the
scheme of things, and that the machinery came into being without any reference to life or
consciousness. But to methatOgpreposterous, or could be a preposterous view. The only think |
can compare it with is something | read the other day from 200 years ago: A French writer was
speaking about how to produce a mouse out of nothingness. You take a glass jar, you fill it with
grain, you stuff it in a dirty shirt, put it in the corner of the room and you wait 21 days. Out of
that combination of materials will evolve a mouse. You can try it out and youQlsee.

Paul Boynton: It works every time!
John Wheeler: But you and | know that the mouse was already there. But look at us today, so
many people say, take a Universe, stuff it with 10780 particles, wait 10 billion years, and life will

develop. How different are those two arguments?

Paul Boynton: Not very different at all, it seems. Does that mean we are as naive, or are there
other possibilities?
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John Wheeler: We have so much to learn and | would be the last one in the world to pose any
concrete view. Anybody who doesnOtlook at these questions one-way Monday, Wednesday, and
Friday are just the opposite way on Tuesday, Thursday, and Saturday is sure to go wrong.

Paul Boynton: You bring up this question of coming-into-being for the Universe. Is it possible
that in this discussion we must view the Universe as essentially growing into being, that the
Universe must evolve in a manner that transcends the type of evolution of the Universe that we®@e
talked about in this course; that is, its expansion and the evolution of the structure of the
Universe? Is there an evolution that transcends the other in the sense that even the laws of
physics themselves may have to grow and change in order to produce this Universe? Of course,
that view flies in the face of the basis of physics at least through the first half of this century, that
the laws of physics are fixed and we just turn the crank and understand whatOshappening.

John Wheeler: Yes, we hold the idea that the Universe is a machine and that the machinery is
immutable and that the laws that run it are written down and have a fixity beyond question. |
think we have a right to question that today because if we look at the progress of physics in
perspective, if we go back to Archimedes we see the idea of density, and then we get to a date in
physics when we can apply sufficiently great pressure to matter to change the density. Then later
on comes the idea of chemical valence, and then temperatures high enough so that we can violate
the laws of chemical valence. Then theidea that a nucleus has a charge and a mass number, and
then we get to nuclear transmutations wherein we can change the charge and the mass number.
Then we get to the world of particle physics, and then to Black Holes which seem to transcend the
laws of particle physics. The Black Hole...all it has is mass, charge and momentum, we believe.

Paul Boynton: Maybe we could look at a diagram of a Black Holein a moment here to see just
exactly how physics, our customary notions of physics are transcended.

John Wheeler: It would be very helpful to see a picture of a Black Hole, and to see that no matter
what variety of things we drop into it, everything from television sets to rocks, from flowers to
whatever you haveN all fall in and the resulting object is characterized by nothing but charge and
mass and angular momentum. All the particularities get washed away, none of the details of what
dropped in show up afterward. And this fact that mass, charge, and angular momentum are the
only things that are left is quite wonderful because we®e so accustomed to the laws of
conservation of mass, charge and angular momentum, but then, just to trace out this general
principle of transcending one by one the laws of physics, we know that when we try to apply to
laws of conservation of mass and angular momentum to a closed Universe, we canOtdo it. We
canOteven give meaning to a closed Universe, because for a closed Universe there® no place
around it to put a planet in orbit that might measure the mass of that closed Universe. And for
this reason one can say that one-by-one we®e transcended the laws of physics and at length what
we have left is only space and time. But in gravitational collapse of the Universe even space and
time get wiped out. WeOe never seen how to state any law of physics that didnOtrequire space
and time. Soin the end, the framework falls down for everything we called a law.

Paul Boynton: That® atrue crisis then, and maybe the latest of the crises that we@e had to face.

John Wheeler: Yes, universal mutability in everything we called a law of nature. Of coursethe
size of the Universe is a terrifying feature. So many people speak of the Universe as so much
larger than man, it makes us seem ridiculous, but my colleague Dicke says, QWhat® the good of a
Universe, if there® nobody around to look at it and the have somebody to look at it you need life
and mind. And to have lifeand mind you need heavy elements. To form heavy elements you need
thermonuclear combustion. To have thermonuclear combustion you need several billion years of
cookingtime in a star. And to have several billion years of time, according to general relativity,
you need a Universe that is several billion light years of space in size. So why isthe Universe as
big as it is? Because weOe here. So the ridiculous disproportion is one of size, but when we talk
about the time scale, then it® not at all disproportionate.
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Paul Boynton: | wonder if we could get back for a moment to this question of man® role in
cosmology, even perhaps in cosmogony, that is, to that topic which we might call self-reference
cosmology. How is it that man interacts with the Universe in a way that may even prescribe the
nature of the Universe?

John Wheeler: On this score we have really to look at many different points of view. One of the
most interesting points of view that has come to attention recently is the idea that the Universe is
a kind of self-excited circuit. The Universeis seen as a self-excited circuit, with the Universe, the
U in the diagram, giving birth to the observer and the observer represented by the eye, giving
meaningto the Universe. So one has a kind of closed circuit there, a GneaningOcircuit if you will.
Along this line, can one summarize the way that we might think of the observer as somehow being
involved in bringing into being this mysterious Universe of ours? Unfinished business, great
work, great questions, and a marvelous collection of clues, | think we are at a most exciting time.
Paul Boynton: Many times in the past man has come across new ideas and thought to ask new
questions which at the time didnOtseem to be valid questions. | guess at this time when weOe
stretching out toward these new ideas of cosmogony, one probably has to ask the question
whether or not cosmogony is really a part of physics, whether or not this is what one might say is
the proper domain for investigation for physics. How do you feel about bringing man into the
qguestion while thinking along the lines that we always have in terms of physical laws?

John Wheeler: This business of bringing man into the story, that is the most striking feature of
the quantum principle. As our Nobel prize-winning colleague, Eugene Wigner puts it, o
observation is completed until its result has entered the consciousnessO Or as Niels Bohr used to
put it, ONo measurement makes sense until you can communicate the result to others in plain
language® And this idea that giving meaning involves us in some strange way seems inescapable.
We just donOtsee a way to get out of it.

Paul Boynton: So you feel, perhaps that one of the key issues is that somehow the Universe
comes into being and is the way it is because man is what he is? Is that a possible, though
perhaps rather extreme summary?

John Wheeler: That thetwo are linked in some strange way, of course is perfectly clear. From all
we know of evolution, man has properties governed by the chemical elements, carbon and ever so
many other details of physics, and yet on the other hand that there are strange features about the
Universe that are very difficult to understand unless life is somehow involved in it.

Paul Boynton: Well, it seems that either with or without man, we have to understand how it is
that the Universe is put together the way it is, such that it can comeinto being. Regardless of
what we might call metaphysical questions, that seems a sufficiently exciting question in itself.

John Wheeler: It is certainly true that Copernicus has taught us not to think of man as the
center of the Universe, not to think of the earth as the center of the solar system. In 500 years we
finally got that lesson through our heads. What kind of nonsense is it to be coming back now and
turning things all around to an anti-Copernican view? All we know is that we just have to work
with the evidence and do the best we can.

Paul Boynton: Well thank you very much for a most stimulating discussion. Thank you for being
with us.

What is the role of mankind in the Universe, is it central or peripheral? Are we spectators or
participants? If the latter, have we been involved in determining not only the structure and
evolution of the Universe, but cosmogony as well?

The last of life

For which the first was made

Is yet to come. R. Browning.
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