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By JOHN ARCHIBALD WHEELER

HAT KIND of a universe do we live in? A strange one, yes. But
thcrc does the strangeness mostly lie? In the seen? Or in the un-
seen? Shall we fix our attention on the billiard balls as they now bat
about the billiard table? Or shall we ask how the game began, and how
it will end?

Who will not choose first to look about a little at the game? 1f then
deeper questions come to mind, who will stop our asking them?

Our universe is incomparably more interesting than any play at bil-
liards. The formation of new stars and the explosion of old stars and the
greatest variety of events, gigantic in scale and in energy, outrival the
most gorgeous fireworks explosion that anyone could imagine in his wild-
est dreams.

A Famous Supernova

Take up the telescope and turn it on the Crab Nebula. There was no
Crab Nebula a thousand years ago. At that time astronomy was at a low
level in Europe. Not so in China. There astronomers regularly swept the
skies and recorded their observations. In July 1054 they reported a new
star. It grew in brightness from day to day. In a few days it outshone cvery
star in the firmament. Then it sank in brilliance, falling off in intensity
from week to week. At each date the nova, or supernova as we more ap-
propriately call it, could be compared with neighbor stars for brightness.
Out of these comparisons by our Chinese colleagues of long ago one has
today constructed a light curve. This light curve is similar to the light
curve for supernova events which, through a powerful telescope, one sees
from time to time today in far away galaxies. Only the great number of

* The Sigma Xi-Phi Beta Kappa Annual Lecture, American Association for the
Advancement of Science, New York, December 29, 1967.

1

John Archibald Wheeler




AMERICAN SCIENTIST, 56, 1, pp. 1-20, 1968

AMERICAN SCIENTIST
SPRING - 1968

@{) 9%3
OUR UNIVERSE: THE KNOWN AND
THE UNKNOWN*

By JOHN ARCHIBALD WHEELER

HAT KIND of a universe do we live in? A strange one, yes. But
thcre does the strangeness mostly lie? In the seen? Or in the un-
seen? Shall we fix our attention on the billiard balls as they now bat
about the billiard table? Or shall we ask how the game began, and how
it will end?

Who will not choose first to look about a little at the game? 1f then
deeper questions come to mind, who will stop our asking them?

Our universe is incomparably more interesting than any play at bil-
liards. The formation of new stars and the explosion of old stars and the
greatest variety of events, gigantic in scale and in energy, outrival the
most gorgeous fireworks explosion that anyone could imagine in his wild-
est dreams.

A Famous Supernova

Take up the telescope and turn it on the Crab Nebula. There was no
Crab Nebula a thousand years ago. At that time astronomy was at a low
level in Europe. Not so in China. There astronomers regularly swept the
skies and recorded their observations. In July 1054 they reported a new
star. It grew in brightness from day to day. In a few days it outshone cvery
star in the firmament. Then it sank in brilliance, falling off in intensity
from week to week. At each date the nova, or supernova as we more ap-
propriately call it, could be compared with neighbor stars for brightness.
Out of these comparisons by our Chinese colleagues of long ago one has
today constructed a light curve. This light curve is similar to the light
curve for supernova events which, through a powerful telescope, one sees
from time to time today in far away galaxies. Only the great number of

* The Sigma Xi-Phi Beta Kappa Annual Lecture, American Association for the
Advancement of Science, New York, December 29, 1967.

1

John Archibald Wheeler

The Black Hole

If gravitational collapse is as inescapable in a star as geometro-
dynamies is inescapable in the universe, then what would be the appear-
ance of the collapsing core if it could be seen from afar without the inter-
ference of the supervening envelope? The hot core material is brilliant
and at first it shines strongly into the telescope of the observer. How-
ever, by reason of its faster and faster infall it moves away from the ob-
server more and more rapidly. The light is shifted to the red. It becomes
dimmer millisecond by millisecond, and in less than a second too dark to
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see. What was once the core of a star is no longer visible. The core like
the Cheshire cat fades from view. One leaves behind only its grin, the
other, only its gravitational attraction. Gravitational attraction, yes;
Jight, no. No more than light do any particles emerge. Moreover, light
and particles incident from outside cmerge and go down the
black hole only to add to its mass and iucrease its gravitational
attraction. Has the black hole a size? In one way, yes; in another
way, no. There is nothing to look at. One could of course imagine thrust-
ing a meter stick toward the center of attraction until it “touched buse.”’
However the powerful tidal forces will tear apart that object and cvery
other object. No conventional measurement of the dimensions is possi-
ble. Even to speak about the dimensions of the object in any conventional
sense is out of the question. However a light ray can be shot at the black
hole, not straight on, but directed far enough off center to one side or the
other just barely to escape capture down the black hole—to emerge even-
tually into a faraway detector of photons. The “diameter’” of the black
hole as defined in this way is of the order of 10 km, the precise value de-
pending on the mass of the core that underwent collapse. These are the
long-known predictions of standard long-established theory.
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Weigh Possibility
of Gravity Collapse
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New York, Dec. 30—The sci-
entists who harnessed part of
the universe to make nuclear
bombs are now tinkering with
an even mightier force believed
to exist in space.

This is the enormous force of
gravitational collapse which
theoretically can swallow up
mighty stars and turn them in-
to nothing.

Talk of this gigantic force
has opened the door to specu-
lation about a gravity bomb
that could swallow the earth.
But scientists who are working
in this area are quick to say
that it is probably impossible
to build such a weapon.

Calls It Impossible

“There is no way in the world
to make such a bomb,” said
Dr. John Archibald Wheeler of
Princeton university, who
worked on the development of
the atomic bomb.

The task of building such a
bomb would be equivalent to
placing one million elephants
on the head of a pin at the
same time.

Gravitational collapse is be-
lieved to occur when an object
such as a star is forced by out-
side pressures to condense. As
it becomes smaller the matter
inside becomes more tightly
packed and the gravitational
forces become stronger and
stronger.

Overwhelms Other Forces

At one point the force of
gravity becomes so great that
it overwhelms all other forces
and hugs all the matter toward
the core in a big bone-crushing
squeeze.

This force is self-accelerating.
As the matter condenses the
gravitational force becomes
more powerful. It can squeeze
tons of solid matter into the
size of one atom.

Scientists have calculated that
a star much bigger than our
sun that undergoes gravitation-
al collapse could be reduced in
diameter from millions of miles
to 3.5 miles.

Leaves “Black Hole”

But the most intriguing as-
pect of this force is that it cre-
ates a nothingness where once
a giant star shone.

This is referred to as the
“black hole” in space effect.

It occurs because no energy,
not even light, can escape from
the immense force created by
gravitational collapse.

Reporting at the 134th annual
meeting of the American Asso-
ciation for the Advancement of
Science, Dr. Wheeler said that
he and other astrophysicists
are searching the heavens for
evidence of the black holes.

Little Known Ahout Force

At this point little is known
about the force involved in
gravitational collapse. It is
perhaps similar to the period
at the earlier part of this dec-
ade when such men as Lord
Rutherford and Albert Einstein
predicted that nuclear energy
was a scientific curiosity that
would never have any practical
annlication

Dr. Wheeler suggested that
perhaps the explanation that
produced the Crab nebula in
1054 was caused by gravitation-
al collapse.

In this case some of the en-
ergy generated during the one
second it takes for a star to
collapse could have shot off
some of the debris of the star
H}to the spiral arms of the neb-

a.

Recalls Bomb Test

Scientists are now trying to
understand the gravitational
collapse effect just as they suc-
ceeded in mastering nuclear
energy, which until 1942 was
an event different from any-
thing in human experience.

“A bit of star was first
brought down to earth at Ala-
magordo, N. M., in the atomic
bomb test in July, 1945,”" Dr.
Wheeler said.

“No event in history ever
gave a more dramatic example
of mans’ understanding of na-
ture but there are still some
aspects of nature we have yet
to comprehend,” he added.

One of the reasons that some
scientists believe there may be
many black holes in space is
the fact that all the matter that
has been calculated to exist in
the universe is only one-tenth
to one one-hundredth of the
matter that Einstein predicted.

Dr. Wheeler said that it may
be that much of this missing
matter may exist in these black
holes.

Chicago Tribune 31 Dec 1967
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