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somewhere, that would be equivalent to
our known 4-D physics. We do not yet
know of any such 3-D theory that works
in that way. Indeed, what surface should
we use as the boundary of the universe?
One step toward realizing these ideas is
to study models that are simpler than our
real universe.

A class of concrete examples of the
holographic principle at work involves
so-called anti–de Sitter spacetimes. The
original de Sitter spacetime is a model uni-
verse first obtained by Dutch astronomer
Willem de Sitter in 1917 as a solution of
Einstein’s equations, including the repul-
sive force known as the cosmological con-
stant. De Sitter’s spacetime is empty, ex-
pands at an accelerating rate and is very
highly symmetrical. In 1997 astronomers
studying distant supernova explosions
concluded that our universe now expands
in an accelerated fashion and will proba-
bly become increasingly like a de Sitter
spacetime in the future. Now, if the re-
pulsion in Einstein’s equations is changed
to attraction, de Sitter’s solution turns
into the anti–de Sitter spacetime, which
has equally as much symmetry. More im-
portant for the holographic concept, it
possesses a boundary, which is located
“at infinity” and is a lot like our everyday
spacetime.

Using anti–de Sitter spacetime, the-
orists have devised a concrete example
of the holographic principle at work: a
universe described by superstring theory
functioning in an anti–de Sitter space-
time is completely equivalent to a quan-
tum field theory operating on the bound-
ary of that spacetime [see box above].
Thus, the full majesty of superstring the-
ory in an anti–de Sitter universe is paint-
ed on the boundary of the universe. Juan
Maldacena, then at Harvard University,
first conjectured such a relation in 1997
for the 5-D anti–de Sitter case, and it was
later confirmed for many situations by
Edward Witten of the Institute for Ad-
vanced Study in Princeton, N.J., and
Steven S. Gubser, Igor R. Klebanov and
Alexander M. Polyakov of Princeton
University. Examples of this holograph-
ic correspondence are now known for
spacetimes with a variety of dimensions.

This result means that two ostensibly
very different theories—not even acting
in spaces of the same dimension—are
equivalent. Creatures living in one of these
universes would be incapable of deter-
mining if they inhabited a 5-D universe
described by string theory or a 4-D one
described by a quantum field theory of
point particles. (Of course, the structures
of their brains might give them an over-

whelming “commonsense” prejudice in
favor of one description or another, in
just the way that our brains construct an
innate perception that our universe has
three spatial dimensions; see the illustra-
tion on the opposite page.)

The holographic equivalence can al-
low a difficult calculation in the 4-D
boundary spacetime, such as the behavior
of quarks and gluons, to be traded for an-
other, easier calculation in the highly sym-
metric, 5-D anti–de Sitter spacetime. The
correspondence works the other way,
too. Witten has shown that a black hole
in anti–de Sitter spacetime corresponds to
hot radiation in the alternative physics
operating on the bounding spacetime.
The entropy of the hole—a deeply myste-
rious concept—equals the radiation’s en-
tropy, which is quite mundane.

The Expanding Universe
HIGHLY SYMMETRIC and empty, the
5-D anti–de Sitter universe is hardly like
our universe existing in 4-D, filled with
matter and radiation, and riddled with vi-
olent events. Even if we approximate our
real universe with one that has matter and
radiation spread uniformly throughout,
we get not an anti–de Sitter universe but
rather a “Friedmann-Robertson-Walker”
universe. Most cosmologists today concur
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TWO UNIVERSES of different dimension and
obeying disparate physical laws are rendered
completely equivalent by the holographic
principle. Theorists have demonstrated this
principle mathematically for a specific type of
five-dimensional spacetime (“anti–de Sitter”)
and its four-dimensional boundary. In effect, the
5-D universe is recorded like a hologram on the 
4-D surface at its periphery. Superstring theory
rules in the 5-D spacetime, but a so-called
conformal field theory of point particles 
operates on the 4-D hologram. A black hole in 
the 5-D spacetime is equivalent to hot radiation
on the hologram—for example, the hole and the
radiation have the same entropy even though
the physical origin of the entropy is completely
different for each case. Although these two
descriptions of the universe seem utterly
unalike, no experiment could distinguish
between them, even in principle.                     —J.D.B.
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