
Closing In On Einstein's 
Special Relativity Theory 
With exquisitely precise measurements not possible even a 
few years ago, physicists are testing the theory explicitly 

FOR A THEORY THAT STANDS AS ONE OF 
the great triumphs of modern science, 
Einstein's special theory of relativity had until 
recently never stood on a completely firm 
experimental footing—the few explicit tests 
were only accurate enough to guarantee the 
formulas of special relativity to within about 
2%. But over the past 11 years, physicists 
using instruments undreamed of in 
Einstein's time have finally fixed that. With 
such tools as extremely stable lasers, physi
cists have now improved the experimental 
verification of special relativity by a factor of 
4000. 

"Of course, in a sense, special relativity 
had already been well tested because it's at 
the core of all of modern physics," notes 
Clifford Will, a physicist at Washington 
University in St. Louis. Quantum electrody
namics, for instance, includes special relativ
ity in its framework and makes predictions 
that agree with experiment to a dozen 
decimal places. 

Nevertheless, the verification is comfort
ing—especially for nonphysicists, who 
sometimes seem to find it difficult to swal
low the peculiar predictions of special rela
tivity. The notion that the speed of light 
does not depend on the motion of the 
observer, for instance, seems to contradict 
common sense. Anyone who has ridden a 
bicycle knows that the relative speed of a 
head wind increases as you pedal faster into 
it. And other consequences of Einstein's 
theory, which says that time and space are 
relative, are equally strange: A clock that 
moves at a high speed past an observer will 
appear to run more slowly, and a fast-mov
ing measuring stick will appear to shrink. 

Historically, Einstein was pointed toward 
his special theory by an experiment per
formed by Albert Michelson and Edward 
Morley in 1887. At the time, scientists be
lieved that light traveled in an invisible sub
stance called the ether, which permeated all 
space; light beams would travel at a fixed 
velocity in the ether, but they would seem 
slower or faster to an observer moving with 
respect to the ether, depending on whether 
the observer was moving in the same direc
tion as the light or against it. 

Michelson and Morley set out to deter
mine how fast the earth was moving through 

the ether—and got an unexpected result. 
Their experiment used a system of mirrors 
to split a light beam into two parts traveling 
perpendicular to each other and then to 
recombine the two beams so that they would 
produce an interference pattern. The re
searchers reasoned that the earth's motion 
through the ether should change the ob
served speeds of the two beams in different 
ways and influence how they interfered with 
each other. By rotating their apparatus 
through 90°, Michelson and Morley ex
pected these velocity shifts to produce a 
change in the interference pattern that they 
could use to calculate the earth's speed 
through the ether. 

But the interference patterns didn't 
change, no matter which way the two scien
tists turned their apparatus. This implied 
that the speed of light was the same in every 
direction—and threw into question the 
whole concept of the ether. 

Eighteen years later, 
Einstein developed his spe
cial theory of relativity, 
which explained the 
Michelson-Morley result. 
But Einstein, depending 
mostly on his own intu
ition about how the uni
verse behaved, jumped way 
ahead of the existing data, 
and it wasn't until the 
1930s that two important 
confirming experiments 
were performed. 

The Kennedy-Thorn-
dike experiment of 1932 
used equipment much like 
Michelson and Morley's to show that the 
speed of light in a moving system is inde
pendent of the velocity of that system. 
When linked with its predecessor's conclu
sion that the speed of light was the same in 
all directions, this implied that the speed of 
light is always constant, regardless of its 
direction or the motion of an observer. In 
1938, the Ives-Stillwell experiment mea
sured the frequency of light emitted from 
fast-moving hydrogen atoms to demon
strate the phenomenon of time dilation—a 
moving clock seems to go more slowly by 
a factor of (l-vVc2)"1'2, where c is the 

speed of light and v is the speed of the clock 
with respect to the observer. 

Theoretical physicist H. P. Robertson of 
Caltech put the finishing touches on the 
proof in 1949. In a seminal paper, he 
showed that if certain reasonable assump
tions were made about how the universe 
behaves, then the validity of special relativity 
could be confirmed from the two 1930s 
tests plus the Michelson-Morley experiment. 
However, although all three tests were 
marvels of experimental technique at the 
time they were done, their precision was not 
high by today's standards. The Kennedy-
Thorndike experiment, the least accurate, 
had an uncertainty of 2%. The new age of 
experimental verification of special relativity 
did not begin until 1979. 

In that year, John Hall and Alain Brillet of 
the Joint Institute of Laboratory Astrophys
ics in Boulder, Colorado, performed a mod
ern version of the Michelson-Morely experi
ment, taking advantage of very stable lasers 
to get a precision 4000 times greater than 
that of the original. "Ours used an optical 
interference condition like Michelson-
Morley," Hall says, but there the similarity 
ends. Instead of mirrors and primitive light 
sources, the two physicists used two care
fully tuned and very stable lasers. And in
stead of an interference pattern, they mea
sured the two lasers' "optical heterodyne 
beat"—a technical characteristic related to 

No ether. The original Michelson-Morley apparatus, with 
mirrors and beam splitters. 

the difference between the frequencies of 
the two lasers. 

Despite these differences, the two experi
ments actually test the same physical phe
nomenon, Will explains. Both are looking 
for the presence of a "preferred reference 
frame" that would serve as a privileged 
backdrop for the physical workings of na
ture; in Michelson and Morley's experiment 
it was the ether, and in Hall and Brillet's it 
was the cosmic microwave background of 
the universe. If special relativity were in
valid, the outcome of an experiment would 
be dependent on its motion with respect to 
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that preferred frame. 
In their experiment, Hall and Brillet first 7 

W n m  most modern sclentlsts accept c1nstetn.s specla1 tneory or relatlvlty as gospel, 
a few "heretics" u,ould like t o  bring down the church. Although these nonbelievers 
probably include more than a few cranks, they also include some serious scientists 
who have thought long and deeplv about special relativity and find some of  its tenets 
u r e. Recently, nvo of  idents have grabbec le 
re' mmunity with an ur I challenge. 

mann, professor em :lectrical engineerin of 
Co~oraao ,  and Howard Hayden, a pnyslclst at the University o t  Lonnectlcut, WIII  pay 
$2000 t o  the first person who offers a valid optical experiment proving that the speed 
of  light on Earth is the same east-to-west as west-to-east, within 50 meters per 
second. The winner doesn't even have t o  have done the ex~er iment  personally. But 
th money is ,actical constraints on  
lal I notes, "Y l e  speed of  light from 
PC i the roun cists know the round- 
trip speed to wtthtn 1 meter per second, but the one-way speeds are much less certain. 

And it is here that Beckmann and Hayden think they have found a chink in 
Einstein's armor. The special theory of relativity predicts that the speed of light is 
constant in all directions and t o  all obsenyers regardless of their own velocities. But 
Bc 

in 
ax n. 
"IVe reject the lnterpretatlon that tlnstein gave when he elevated the oDsenrer trom 
something that measures nature t o  something that influences nature," Beckmann 
says. In place of special relativity, Reckmann would institute a theory in which the 
dominant field in a svstem determines the preferred reference frame. Near Earth's 
su avitational 

the meas ds of east ~d 
1 % ~  .d meters per second. He say ce 
Earth's grav~tattonal held propagates ounvard at a finite velocity, the planet rotates 
inside the preferred frame defined by the gravitational field. Then if c represents the 
usual speed of light (and, in Beckmann's theory, the speed of light in the preferred 
frame). Beckmann oredicts that the meed of light measured east-to-west will be the 
su ~milarly, tb l e  
di locity. Bec la1 
te  sume that ~ i c  
mtcroxvave background, and thts, he says, has caused them to miss the ettects o i a  
preferred frame tied to  Earth. 

Meanwhile, Hayden is testir ann's predictions with an ex, in 
which he s u s ~ e n d s  a charged camctlor 111 a shielded vacuum chamber. If t ~ l c  cdpacllor 
is ltion should 
re dates facing 
ea nn, but that 
he must reduce the none l e ~ ~ c l  a t  hts equipment t o  make sure he's getung a real signal. 

Both Hayden and Beckmann realize that many of their colleagues may consider 
them cranks. "I refuse t o  have a grad student working on  this project," Hayden says, 
"because I don't want to  damn him to unemnlovment." But the lure of debunking the 
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: Ein fked the fiequencies of the two lasers and 
measured their optical heterodyne beat. 
They then rotated one of the lasers. As with 
the Michelson-~orlc~ work, if the lasers 
moved with respect to some preferred frame, 
the fiequencies of their light should depend 
on their velocity with respect to that frame. ~acceptabl~ 
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Rotating one laser would then shift that 
one's frequency but not the other's, thereby 
altering the beat between them. But Hall 
and Brillet, like Michelson and Morley, saw 
no evidence of motion with respect to a 
6xed reference flame. 
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. , .  - pinning5 of special relativity on a precise 
experimental footing. In 1985, a group of 
physicists at the University of Aarhus in 
Denmark and Colorado State University in 
Fort Collins used a beam of fast-moving 
neon atoms for a modem Ives-Stillwell test. :ckmann t 
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When excited by a laser, neon atoms emit 
light at a precise frequency, so they can be 
used as clocks; by looking at the variation of 
the speed of these "docks* as the Fhth 
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moves through space, the researchers mea- 
sured the time dilation of special relativity to 
an accuracy of 40 parts per million. 

Then in April of this year, Hall and co- 
worker Dieter Hils put the third leg on the 
experimental tripod supporting special 
relativity with an updated Kennedy- 
Thorndike experiment. "This work allows 
[special relativity] to be deduced entirely 
from experiment at an accuracy of 70 parts 
per million," Hall says-a 300-fold im- 
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1979 Hall-Brillet study, the researchers 
measured the heterodyne beat between two 
lasers, but with a couple of changes. First, 
they didn't rotate either laser. Instead, they 
used two different types, taking advantage 
of the fict that if special relativity were 
invalid, the frequencies of the two lasers 
should change in different ways as their 
velocities with respect to a preferred refer- 
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ence frame changed. Second, they recorded 
the heterodyne beat over 24 hours. 

As the Earth rotates, the velocity of the 
lab and the lasers changes with respect to 
the cosmic ray background. Then if the 
behavior of the lasers is dependent upon 
their velocity in this preferred reference 
frame, the two lasers should be affected 
differently, causing their heterodyne beat to 
shift over the 24-hour period. But to a high 
precision, the researchers saw no change. 
The experiment would have been impos- 
sible, Hall says, without the ability to keep 
the lasers' fiequencies almost perfectly stable 
over several days-a feat that would have 
been unachievable only a few years ago. 
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And it just keeps getting better. "We 
could probably improve the accuracy [of the 
1979 experiment] by a Edctor of 4000 now," 
Hall says. And the Aarhus researchers are 
expected to announce soon a result with a 
much more accurate measurement of time 
dilation. Where will it all stop? "At some 
point, it's not clear how much you gain 
[from continuing to test special relativity]," 
Will says. "I wouldn't necessarily spend 
millions of dollars to test it further," but as 

long as experimental advances make it easy 
to add &extra decimal point, it will prob- 
ably keep going. ROBERT POOL 
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