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The hardest thing to prove is something
you think you already know. How can
you be sure that you’re proving it, rather

than merely reasserting your belief? So it is
with the latest test of Einstein’s general theory

of relativity—a mea-
surement of the speed
at which changes in a
gravitational field prop-
agate. If the sun sud-
denly shattered into 
a million pieces, this
speed would determine
how many minutes 
of blissful ignorance
the denizens of Earth
would have until our
orbit went haywire. In
Einstein’s theory, the
speed of gravity (ab-

breviated cg) exactly equals the speed of light
in a vacuum (c).

Lo and behold, that is what a physicist-
astronomer duo announced at the American
Astronomical Society meeting in January. Ein-
stein, they concluded, was right once again.
Yet most relativity researchers are skeptical.
“It’s a beautiful experiment that gives a very
nice new confirmation of general relativity,
but it’s still unclear whether it’s testing the
speed of gravity,” says Steven Carlip of the
University of California at Davis.

No one questions the basic experimental
setup, devised by Sergei Kopeikin of the Uni-
versity of Missouri and Edward Fomalont of
the National Radio Astronomy Observatory.
The idea was to look for the effect that a near-
by celestial body has on the light rays from a
more distant object. The nearby body should
bend the light rays, temporarily shifting the
image of the distant object. In a famous (if
controversial) expedition in 1919, English as-
tronomer Arthur Eddington detected the de-
flection of starlight by the sun. Just over a
decade ago high-precision radio astronomy—

in particular, very long baseline interferome-
try, which links together far-flung radio dish-
es into a single globe-spanning telescope—saw
the minute bending caused by Jupiter.

Since then, radio interferometry has got-

ten 10 times more precise. So Kopeikin and
Fomalont went one step further: to look not
only for the bending caused by a static body
but also for relativistic effects caused by the
motion of that body. Such effects depend on
the ratio of the body’s velocity to c. For Jupi-
ter, which orbits the sun at 13 kilometers a
second, the ratio is about one part in 20,000.
That seems awfully small, but the researchers
calculated that geometric factors would mag-
nify any effects to detectable levels.

Last September they put their plan into ac-
tion when Jupiter passed close to the line of
sight between Earth and a quasar. The quasar
image scooted 1,300 microarcseconds across
the sky—with a 50-microarcsecond skew, just
as expected from relativistic effects.

So far, so uncontroversial. The fun begins
when you ask which relativistic effect was op-
erating. There are oodles of possibilities, and
Einstein’s notoriously subtle equations do not
specify which mathematical term corresponds
to which physical effect. Kopeikin and Foma-
lont contend that the dominant effect was the
propagation of gravity. As Jupiter travels, its
gravitational force on the ray varies, and the
variation takes a little while to travel through
space to the ray. To isolate this effect, the sci-
entists constructed an alternative version of
relativity, in which cg could differ from c.
They were then able to infer a value for cg

from the data, without presuming it. The two
c’s turned out to have the same numerical val-
ue, with a precision of 20 percent.

But others, notably Clifford M. Will of
Washington University, take a different ap-
proach to extending relativity and attribute
the observed skew to the better-known rela-
tivistic effects of time dilation and length con-
traction. From the vantage point of Earth, Ju-
piter’s moving gravitational field looks slight-
ly flattened, which alters the amount of light 
deflection that we perceive. This flattening de-
pends on c but not on cg. The propagation 
of Jupiter’s gravity does play a role, but Will
argues that it corresponds to a different (and
much smaller) term in the equations. If so,
Kopeikin and Fomalont cannot infer a value
for cg.

The disagreement will not be easy to 

A Tale of Two C’s
GRAVITY SPEED TEST RAISES SOME RELATIVISTIC EYEBROWS    BY GEORGE MUSSER
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In Newton’s theory of gravity, the
speed of gravity (cg) is infinite; if

the sun blew up, Earth’s orbit would
change instantaneously. But

Einstein’s special theory of
relativity wouldn’t look too kindly

on that. To preserve the distinction
between cause and effect, the
speed of light (c) must be the

ultimate speed limit. Special
relativity also suggests that cg

cannot be less than c: if it were,
gravity would behave differently

for different observers.
Unfortunately, Newton’s theory of

gravity cannot accommodate a
finite cg without making orbits

unstable. The conflict between
Newton’s theory and special

relativity led Einstein to devise an
entirely new theory of gravity,

general relativity.

EINSTEIN VERSUS
NEWTON

LIKE A LENS, Jupiter bends the
light rays from a distant quasar.
The yellow ray is unaffected by
Jupiter and takes a direct path to
Earth; the dotted lines show the
illusory paths of the ray. Jupiter’s
motion causes the quasar image to
trace out a circle. Relativistic
effects skew the circle (not shown).
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Delisting the gray wolf does not
mean that it will be left to its own
devices. The U.S. Fish and Wildlife
Service must monitor the wolf
populations in the delisted areas
for at least five years and can
“emergency relist” the species if
necessary. The FWS also requires
that all key states within a
recovery zone submit biologically
acceptable wolf management
plans before the species is
removed from the list. The plans
deal with issues such as
population control, compensation
for loss of livestock, recreational
hunting, and permission to defend
property. “There’s no requirement
for state management plans in the
Endangered Species Act,”
comments Midwest recovery
coordinator Ron Refsnider. “We’re
imposing that because of the
wolf’s unique situation.”

U.S. species removed from the
Endangered Species List:

Brown pelican, 1985

American alligator, 1987

Arctic peregrine falcon, 1994

Gray whale, 1994

American peregrine falcon, 1999

Aleutian Canada goose, 2001

WATCHING
THE WOLF

Only six domestic animal species have
ever earned their way off the U.S. En-
dangered Species List. The gray wolf is

closing in on becoming the seventh. Although
many wolf biologists back the decision, not
all wildlife advocates are cheering the pend-
ing status change.

In 1974, after a century of aggressive ex-
termination efforts had nearly extinguished
gray wolves in the lower 48 states, the En-
dangered Species Act took effect, and the
dwindling species was whisked onto the list.
The U.S. Fish and Wildlife Service (FWS) sub-
sequently initiated recovery programs for the
gray wolf in three regions, setting population
goals for the West, East and Southwest.

With federal protection and reintroduc-
tion programs to seed the West with ecologi-
cally appropriate wolves from Canada, gray
wolf populations burgeoned. Today there are
44 breeding pairs (a total of 664 wolves) in
the Western zone, exceeding the target of 30.
In the Eastern area, over 3,800 wolves live in
the Great Lakes region—almost triple the tar-
get number—and a new population of over
600 wolves teems in the states around Min-
nesota. (In the Southwest, recovery of the
Mexican gray wolf is still in its infancy, and the
animal’s endangered status will remain intact.)

Because the wolf populations have now
met their goals for the West and East, the FWS

wants to reclassify the wolf from endangered
to threatened and delist the species in all states
outside its historical range. The FWS fully ex-
pects the reclassification proposal to pass this
spring and hopes to delist the populations in
the Northwest and Midwest in the next year.

Several wildlife groups, however, protest
that the proposed status change is premature.
The wolf has not returned to the Northeast,

where it was formerly an important predator
in that ecosystem. They also argue that out
West the population is too thin for the wolves
to set out from the recovery zones and into
their former ranges in the southern Rockies
and the Pacific Northwest.

FWS biologists respond that their job is to
ensure that the wolf is no longer in danger of
extinction, not to restore the species to every
place it could live. “The Endangered Species
List is not a tool for other agendas. The act
mandates that if a species doesn’t need pro-
tection anymore, you must remove it,” insists
Ed Bangs, wolf recovery coordinator for the
West. L. David Mech, wolf expert and senior
research scientist with the U.S. Geological

resolve. Most researchers lean toward Will’s
approach, which builds in consistency with
other experimental tests. Some go so far as to
say that the entire debate is pointless, because
there are tests that have higher precision, but
others think Kopeikin and Fomalont could be

probing something unique. Sorting things out
will take more theoretical work as well as di-
rect measurement of gravitational radiation.
No mainstream physicist doubts that cg equals
c. But in science, it is not enough to be right.
You have to be right for the right reasons.

Out of the Woods
MOVING THE GRAY WOLF OFF THE ENDANGERED LIST    BY EMILY HARRISON
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TWO SIDES: Gray wolf supporters disagree about the
next steps in the species’ recovery.
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