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How the universe got its lumps

Cosmologists are developing hypotheses of how galaxies
evolved and how they interact with each other

by Dietrick E. Thomsen

A universe that is smooth and even
and the same in all directions is the
easiest thing to imagine coming out of
the big bang that many cosmologists
suppose was the origin of the cosmos.
It is also mathematically easier to deal
with than a lumpy one. But it isn’t the
universe that we have. We have a uni-
verse with irregularities of structure:
galaxies and clusters of galaxies. The ir-
regularities make the universe as we
know it.

The question of how the galaxies and
clusters evolved is generating a good
deal of heat and a lot of words among
cosmologists. Some suppose that the
big bang started out smooth, and that
the expanding universe later developed
turbulences and clumps that evolved
into galaxies. Others suggest that the
irregularities were there from the begin-
ning. Still others put a reverse twist on
the problem: If there were irregularities
early on, they say, subsequent evolu-
tion should have smoothed them out
instead of making them worse.

P. J. E. Peebles of Princeton Univer-
sity has long been a proponent of a
smooth beginning and subsequent de-
velopment of irregularities. At a sym-
posium on cosmic evolution at the
Coral Gables Conference on Funda-
mental Interactions at High Energy,
held at the University of Miami in Jan-
uary, he described a computer simula-
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tion that began with 300 randomly
placed mass points.

Each was endowed with a velocity di-
rected radially outward from the cen-
ter of the space they occupy. As this
hypothetical model evolved with time,
it developed clumps and irregularities.
“It starts smooth and gets more and
more messy,” he says. A big-bang
explosion would endow matter with
straight line velocities; nobody can see
how it would cause rotations. Peebles
suggests that in early stages of the evo-
lution the galaxies or the clumps that
become galaxies overlapped and rubbed
against each other. This could have
started them turning.

Another important evolutionary ques-
tion is where galactic magnetic fields
came from. A possible answer, says
Peebles, is that stars, which have un-
derstandable means of generating mag-
netic fields, expel puffs of field from
time to time. The motion of the galaxy
combs these fields out, so to speak. If
this is true, he says, then there should
be no net magnetic flux in the galaxy,
just regions of one direction alternating
with regions of the reverse direction.
But radio astronomical observations
show that there is a net flux. To say
that the flux is primeval, that it was al-
ways there, raises the so-far-unanswered
question, why? Peebles is not happy
with it.
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There are many other unanswered
questions: Whether matter and anti-
matter are equal in the universe, whether
the entropy of the universe is increasing,
what is the origin and significance of the
cosmic dust. “We’re scratching for the
big picture,” says Peebles.

An important part of the big picture
is whether the universe is open or
closed. Will the expansion continue in-
definitely or will it stop or even reverse
some day? Put still another way, the
question involves the shape of the three-
dimensional universe: Is it an open
curve, the three-dimensional analogue
of a hyperbola, or a closed curve, the
analogue of an ellipse?

The answer depends on the density
of matter in the universe. If the uni-
verse, on the average, is dense enough,
it will be bound together and closed by
the mutual gravitation of its parts; if
not, it is doomed to endless expansion.

There is not enough matter in the ob-
served galaxies to bind the universe,
but astronomers have long suspected
that there is a lot of unseen matter. The
stability of galaxy clusters has been
cited as evidence of that. Various clus-
ters of galaxies appear gravitationally
stable although the galaxies do not seem
to have enough mass to stick together.
In the cluster in Coma Berenices,
George Field of the University of Cal-
ifornia at Berkeley points out, the gal-
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The Coma cluster:

axies have only one-eighth the mass
necessary to bind the cluster. Interga-
lactic gas is supposed to do the binding.

Recently the X-ray astronomy sat-
ellite Uhuru found an extended source
of X-rays in the Coma cluster (SN:
1/29/72, p. 77), and this is supposed
to be evidence of intergalactic gas there.
Even if it is, says Field, his calculations
of the probable spectra, temperature and
density of such gas show it to be in-
adequate to bind the cluster. Likewise,
gas of this sort pervading the universe
could not bind the universe.

Field tried the known densities of
mass for various classes and combina-
tions of classes of objects in the uni-
verse—galaxies, stars, interstellar gases,
elementary particles, electromagnetic
radiation—and found none really ade-
quate to close the universe.

There could still be hidden mass.
There are also some other suggestions
of how to close the universe, some of
them slightly kooky. If the people who
believe that turbulences were present in
the original big bang are right, says
Field, much of the energy of expansion
would be converted to gravitational
waves, and they could have sufficient
density to bind the universe. They
would also have another consequence:

Hale Observatories
What makes it stick together?

The galaxies would jiggle back and
forth with the crests and troughs of
these waves. Experimental tests to see
if such ideas may be correct might be
done in the next few years, Field spec-
ulates.

Another possibility is that Newton
may have been wrong. “But we know
he wasn’t,” says Field. The most im-
portant corrections that the modern
theory of general relativity makes in
Newton’s work amount to one part in
a hundred thousand. Some people sug-
gest that perhaps the graviton, the
particle that is supposed to carry grav-
itational forces between bodies, has a
finite mass instead of none at all. This
would give gravity a finite range in-
stead of the infinite range it is supposed
to have. A graviton mass of 10-—38
grams would give a range of one mega-
parsec (3.26 million light-years). If you
want to close the universe with less
mass than current theory requires, you
have to change gravity somehow. But
this is not the way to do it, says Field;
this way requires more mass.

Suspicions that Newton was wrong
have also been entertained by people
concerned with the interactions between
galaxies. There are many instances in
which galaxies appear to be somehow
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Two colliding galaxies cause each other to throw out long tongues of matter.
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A galaxy with spiral arms: The Andromeda nebula.

interacting with each other: Two nearby
galaxies are seen to be connected or
nearly connected by a bridge of lumi-
nous matter. In other cases galaxies ap-
pear to have thrown out tongues or
loops of matter. The mass involved in
these phenomena is enormous, and some
people have supposed that gravity was
too slight a force to accomplish the dis-
ruptions. Something new and exotic
must be at work.

Not so, says Alar Toomre of the
Massachusetts Institute of Technology.
Gravity can do it all very well. At the
Miami meeting, Toomre apologized
for dealing with such an old-fashioned
18th century subject as tides in a con-
ference devoted to the latest reaches of
the most up-to-date theoretical physics.
But tides are essentially what these phe-
nomena are.

Toomre, working with his brother
Juri Toomre, has made computer mod-
els of what happens as two galaxies
pass near each other at various dis-
tances and in various relative directions.
They have made movies of these, a
kind of cosmological time-lapse pho-
tography that condenses eons into sec-
onds. “Here goes the Precambrian, the
Paleozoic, the Mesozoic,” Alar Toomre
said as the movie frames flickered by.
The work has produced evolutionary
models whose final stages approximate
several situations that are actually seen.

The chances are of course small that
two unrelated galaxies might collide,
but there are numerous instances of one
galaxy being the satellite of another,
and in such cases close passages can be
predicted. Alar Toomre hastens to say
that he does not suggest that all spiral
arms of galaxies can be explained in
this way. Many must come from in-
ternal happenings in galaxies, but some
come from collisions, he says.

All in all it appears that gravity is
the only major force operating cosmo-
logically and that cosmologists will have
to figure out the evolution of the uni-
verse on its terms. 0
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