
Theorists Make a Bid to 
Eliminate Black Holes 
Black holes-objects so dense even light 
can't escape them-may sound improbable, 
but most physicists believe they exist. After 
all, they are a consequence of a well-estab- 
lished theory, Einstein's general relativity, 
and astrophysicists have found indirect evi- 
dence that they lurk at the heart of exotic, 
energetic objects in space. But a handful of 
physicists who have offered their work at 
recent meetings and in upcoming publica- 
tions think black-hole seekers are pursuing a 
chimera, something like the ether of the 
19th century. By reformulating Einstein's 
mathematics, these physicists say, they can 
make the black holes disappear. 

If their theories are accepted, the objects 
of astrophysicists' desire may turn out to be 
dense clumps of matter, certainly less glam- 
orous and less exotic than black holes. In 
compensation, however, theoretical physi- 
cists would be spared a major source of un- 
ease: the points of infinite density and grav- 
ity, or "singularities," that lurk at the heart of 
black holes-and would nullify the rules of 
physics if they ever escaped. 

lohn Moffat of the Universitv of To- 
ronto, one of the theorists pursuing this 
line of work, savs that's the beautv of his . , 
theory: "There's no singularity anywhere- 
there are no black holes-all of that disaw- 
pears." A second group of cosmic tinkerers, 
Huseyin Yilmaz of Hamamatsu Photonics in 
Japan and Carroll Alley of the University of 
Maryland, reported at a recent physics 
meeting that they too have banished black 
holes, although their strategy-and the re- 
sulting modifications of Einstein's theory- 
is quite different. 

Other ~hvsicists who have examined these . , 
efforts harbor doubts that they will live up to 
this promise. Still, Yilmaz and Alley's pre- 
sentation and Moffat's papers, one published 
in the 29 Sewtember issue of Physics Letters 
and the othe; in press at the jourk~l of Math- 
ematical Physics, have attracted interest be- 
cause they break a long-standing taboo. As 
one physicist puts it, "People had considered 
changes to Einstein's equations, but because 
of an overwhelming respect for Einstein, 
they [had been] reluctant to change them." 
Now that taboo has been breached. 

The new formulations don't overturn the 
basic principle of general relativity, which 
unites space and time into a single four-di- 
mensional geometry and describes gravity as 
curvature of space-time. Nor should they- 
after all, experimental tests have borne out 
many of the theory's predictions, among 

density expected of a star-sized black hole. 
And at the centers of galaxies, they have 
traced clouds of dust and gas that appear to be 
swirling inward toward an unseen, compact 
attractor that must have a mass millions of 
times that of the sun. But Moffat points out 
that these observations don't reveal the na- 
ture of the objects-just their mass. Change 

them the subtle bending of starlight by a relativity, says Moffat, and the mass concen- 
massive bodv such as the sun and the exis- trations could take the form of dense obiects 
tence of gravitational waves, confirmed by such as neutron stars or clusters of giant stars 
measuring the timing of pulses of a radio- instead of black holes. 
emitting object called a binary pulsar. The second reformulation of relativity, by 

Most physicists think that if you accept Yilmaz and Alley, has similar implications, 
but it was originally motivated by a 

3 different concern. At a recent con- 
ference organized by the New York 
Academy of Sciences at the Uni- 
versity of Maryland, Yilmaz and Al- 
ley announced that they had found 

? a serious flaw in general relativity: 
Its equations, they announced, fail to 
~redict the attraction of two bodies 
of approximately equal size. To il- 
lustrate the flaw. thev took a simvli- 
fied example-the cHse of two hfi- 
nite parallel plates separated by a 
vacuum. In this special case, says 
Allev. sim~le calculations show 

8 .  

that Einstein's equations fail to pre- 
dict anv attraction. To correct the 

Sure to be a black hole? A huge, hidden mass 
trates stars at the center of the galaxy M87. 

concen- flaw, ~ i l e ~  and Yilmaz added a new 
term to the description of the gravi- 
tational field: a kind of self-referen- 

the theory's predictions, you also have to 
accept singularities. According to Einstein's 
equations, when a huge mass such as a star 
collapses, nearby space-time becomes so 
sharply curved that light itself cannot escape, 
forming a black hole. Stranger still, the col- 
lapse continues within the black hole, form- 
ing a singularity that is shielded from the 
outside universe by the black hole's "event 
horizon," or boundary. But although astro- 
physicists have learned to live with singu- 
larities and black holes, the ideas still cause 
discomfort. Some physicists have found, for 
instance, that black holes threaten the uni- 
verse with an irreversible loss of information. 
which seems to contradict other laws of 
physics (Science, 26 March 1993, p. 1824). 

Moffat thinks he has a better idea: elimi- 
nate these troublesome predictions of gen- 
eral relativity without scrapping the theory 
altogether. He explains that he added a new 
sort of geometry to space-time-one with a 
natural twist or "torsion." The resulting 
equations, he says, give the same results as 
relativity but eliminate singularities. "It's 
more general than Einstein's theory, but it 
contains Einstein's theory," says Moffat. 

Moffat adds that the new formulation 
isn't in conflict with the astrophysical evi- 
dence for black holes. Over the past few 
years, astronomers have identified stars cir- 
cling invisible objects that have the mass and 

tial term, describing the gravity generated by 
the eravitational field itself. u 

Because Yilmaz and Alley's reformulation 
also gets rid of the despised singularities, 
some physicists have looked closely at the 
parallel plate problem. Charles Misner of the 
University of Maryland was among them, 
and he isn't convinced that it undermines 
general relativity. "It represents two slabs of 
something that stay put [under gravitational 
forces]-but that something is so far away 
from anything in physical experience that 
it's not clear one has any reason to be both- 
ered with it." Alley, however, believes the 
example is relevant to ordinary matter. 

Moffat's theory is newer and has received 
less scrutiny, but William Unruh of the Uni- 
versity of British Columbia and other physi- 
cists who have seen earlier. less com~lete 
versions of the theory gree; the idea with 
skepticism. But in spite of the doubts, some 
physicists applaud these maverick efforts to 
modify Einstein's theory. "There's always 
reason to see if you can construct a theory 
that modifies general relativity in such a way 
that it removes singularities but keeps all the 
other well-tested aspects of the theory," says 
Gary Horowitz of the University of Califor- 
nia, Santa Barbara. And regardless of 
whether the current attempts hold up, they 
certainly won't be the last. 

-Faye Flam 
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