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THE

TANTALISING QUEST FOR

RAVITY. AVE

‘Although still being tested, Einstein’s theory of general relativity
remains untoppled. Out of this theory comes one-of the most
fascinating challenges facing scientists today — the detection of .
gravity waves. When they do, it will open a new era in astronomy.

By ARTHUR FISHER

In the vast reaches of the cosmos, cataclysms are a com:
monplace: something _momentous is always happeniny
Perhaps the blazing death of an exhausted sun, or the collision
of two black holes, or a warble deep inside a neutron star.
Such an-event spews out a torrent of radiation bearing huge
amounts of energy. The energy rushes through space,
blankets our solar system, sweeps through the Earth .. and
no one notices

But there is a small band of experimenters, pethaps 20
groups worldwide, scattered from California to Canton, deter-
mined that some day they will notice. Pushed to the edge of
contemporary technology and beyond, battling the apparent
limits of natural law itsel, they are developing what will be the
most sensitive antennas ever built. And eventually, they are
sure, they will detect these maddeningly intangible
pheromena — gravity waves.

Even though gravity waves (more formally called gravita
tional radiation) have never been directly detected, virtually
the entire scientific community is convinced they exist. This
assurance stems, in part, from the bedrock on which gravity-
wave notions are founded: Albert Einstein's theory of general
relativity, which, though still being tested, remains untoppled.
Says Caltech astrophysicist Kip Thorne, I don't know of any
respectable expert in gravitational thery who has any doubt
that gravity waves exist. The only way we could be mistaken
would be if Einstein's general relativity theory were wrong and
if all the competing theories were also wrong, because they
also predict gravity waves.”

In 1916, Einstein predicted that when matter accelerated in a
suitable way, the moving mass would launch ripples in the i

sible mesh of space-time, tugging momentarily at each point
in the universal sea as they passed by. The ripples — gravity
waves — would carry energy and travel at the speed of light
Unlike dipole electromagnetic radiation, gravitational radia-
tion is quadrupole (see drawing).

If a gravity wave generated, for example, by a supemova in
our galaxy passed through the page you aré now reading, the
quadrupole effect would first make the length expand and the
width contract (or vice versa), and then the reverse. But the
amount of energy deposited in the page would be so in-
finitesimal that the change in dimension would be less than
the diameter of a proton. Trying to detect a gravity wave,
then, is like standing in the surf at Big Sur and listening for 4
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Kiss blown across the Pacific

As for generating detectable waves on Earth, a la Hertz,
theoreticians long ago dismissed the possibility. “Sure, you
make gravity waves every time you wave your fist,” says
Rainer Weiss, a professor of physics at MIT. “But anything you
will_ever be able to detect must be made by massive
bodies moving very fast. That means events in space.”
Astrophysicists have worked up a whole catalogue of
such events, each associated with gravity waves of different
energy, different characteristic frequencies, and different pro-
babilities of occurrence. They include the supposed con-
tinuous background gravitational radiation of the “big bang”
that began the universe, and periodic events like the regular
pulses of radiation emitted by pulsars and binary systems con-
sisting of superdense objects. And then there are the singular
events; the births of black holes in globular clusters, galactic
nuclei, and quasars; neutron-star quakes; and supernovas.

Probably the prime candidate for detection is what William
Fairbank, professor of physics at Stanford University, calls “the
most dramatic event in the history of the universe” — a super-
nova. As a star such as our sun ages, it converts parts of its
mass into nuclear energy, perhaps one percent in five billion
years. “The only reason a large star like the sun doesn't col-
lapse,” "explains Fairbank, “is because the very higl
temperature in its core generates enough pressure to
withstand_gravitational forces. But as it cools from burning its
fuel, the gravitational forces begin to overcome the electrical
forces that keep its particles apart. It collapses faster and
faster, and if it a supemova, the star's outer shell blasts off. in
the last thousandth of a second, it collapses to a neutron star,
and if the original star exceeded three solar masses, maybe to
a black hole.”

One way of characterising the energy of a gravity wave is the
strain it induces in any matter it impinges on. If the mass has a
dimension of a given length, then the strain equals the change
in that length (produced by the gravity wave) divided by the
length. Gravity waves have very, very tiny strains. A supemova
oceurring in our galaxy might produce a strain on Earth that
would shrink or elongate a 100cm-long detector only one
one-hundredth the diameter of an atomic nucleus, (That is
10°cm, and physicists would label the strain as 107) To the
credit of tireless experimenters, there are detectors capable of
sensing that iota of a minimum of a scruple.
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