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 “Imagination is more important than knowledge,” Albert 
Einstein has said, according to the bumper stickers you often find on 
cars belonging to former English majors and other defensive people, 
who interpret the quote as a triumph of the liberal arts over the 
tyranny of empiricism.  If this pillar of 20th century scientific 
thought, has espoused the superiority of something as mushy and 
non-scientific as imagination, well that just has to be one strong vote 
for our side, right?  Rainer Weiss, professor emeritus of physics at 
MIT, is a little doubtful that Einstein actually said what so many 
bumper stickers and college dorm posters claim he said.  There is 
something a little too cute about the line, and though Einstein was a 
charming phrasemaker, he is often imaginatively misquoted.  In any 
case, Weiss adds, if Einstein did really say it, he didn’t mean what 
most people tend to think he meant. 

“I happen to agree with the statement, but it is not an anti-
intellectual statement saying that you don’t have to go to school, you 
only need imagination and that is enough,” says Weiss.  “Einstein 
studied and immersed himself in what he needed to know.  But it 
was his imagination that made the difference, not his erudition or 
knowledge.  He had a beautiful gift for seeing the next step, for 
making connections that were not obvious.  For example when he 



announced that the velocity of light was the same for everybody, that 
was a radical imaginative idea.  No one had thought of that.  The 
math had been done already, but Einstein chased it down, which was 
a feat of remarkable insight and imagination.” 

The United Nations has declared 2005 the World Year of 
Physics to celebrate the 100th anniversary of the year that Einstein 
published a series of extraordinary papers that culminated in his 
Special Theory of Relativity, which yielded the famous equation 
E=MC2.  The World Year of Physics also draws attention to Einstein’s 
General Theory of Relativity, which came a decade later, and 
usurped Newton’s theory of gravity as the governing law of the 
universe. 

Einstein’s imagination is the guiding principle within what is 
for Weiss and his colleagues a most absorbing project, known as 
LIGO, which stands for Laser Interferometer Gravitational Wave 
Observatory.  Based on an experiment designed by Weiss 35 years 
ago, LIGO is a research facility that houses a giant and complicated 
machine, standing in the piney woods of Livingston just off LA 60 
North.  The road to LIGO reveals first an empty guardhouse, where 
visitors would have to pass some sort of security clearance before 
entering if in fact there were a security guard there.  But it’s wide 
open.  There is also no shortage of parking in the parking lot.  The 
place appears to be closed for a holiday.  The most outstanding 
quality of this research facility is that it is very very quiet. 

Then the vista that is LIGO appears.  The building is in parts 
bleached white as the sun and in others as blue as the infinite sky.  A 
large rounded concrete tube sort of structure comes out one side of 
the building and stretches into the distance off to the left.  Another 



tube (out of view from this perspective) goes out the other side of the 
building perpendicular to the first tube.  Both concrete tubes go a 
couple of miles in their respective directions into the woods.  The one 
off to the left has been decorated with artwork from visiting groups 
of school children, depicting what they had learned from their 
introduction to LIGO.  There are pictures of rocket ships and the 
occasional crucifix, among other mysterious interpretations of LIGO.  
This is government-sanctioned graffiti and a harbinger of the 
education center that the facility will house in the near future, an 
interactive exhibit intended both to explain gravitational wave 
research and convey fun with physics to kids who might otherwise 
miss the point of all this. 

This LIGO has a fraternal twin machine in Hanford, WA, as 
well as similar facilities in Italy, Japan and Germany.  A space-based 
interferometer, called LISA, is in the offing as well.  The facilities in 
Hanford and Livingston represent the culmination of what some call 
a “shotgun marriage”, between MIT and Caltech and a $365 million 
National Science Foundation grant.  Construction on the Livingston 
facility was completed in 1999, and it is still in commissioning mode.  
The ultimate goal of LIGO is to record direct evidence of the action of 
gravity on space/time that Einstein predicted in the General Theory 
of Relativity.   

Einstein had predicted, among other things, that starlight bends 
around the sun under the force of that mass’s gravity.  In 1919, an 
observation made during an eclipse provided the evidence that this 
was true.  His General Theory also provided an entirely new picture 
of gravity that filled in the missing pieces from Newtonian physics, 
which had been the accepted gravitational science for nearly 250 



years.  Einstein could not stop stewing over a hitch that he saw in 
Newton’s picture of gravity, which was that it worked just fine here 
on earth but not in outer space.  Newton described gravity at work, 
but he did not explain how it worked.  There was the problem of 
“action at a distance”. 

“Physicists are allergic to action at a distance,” explains Michael 
Zucker, MIT physicist and the director of the Livingston facility.  “It 
would be too spooky if you let something at the other end of the 
universe instantly affect us here.  There is a finite speed of light, and 
so there is a finite speed of information.” 

The hitch that Newtonian physics does not account for is how 
could a cataclysmic event, involving a massive, dense body far away 
in this galaxy or the next, bring news of itself to earth.  Einstein’s 
genius was that he sat with this anomaly until he figured out a way 
to explain it.  Time would have to be one property to describe these 
physical events, which why the term “space/time” was coined.  One 
of the more intriguing products of Einstein’s thinking was this new 
concept of “gravity waves”. 

“Forget about time!  It doesn’t matter,” says Rai Weiss.  He’s 
going to demonstrate how gravity waves work, but first dispenses 
with the mind-muddler that most people trip over, which is how 
time can be a physical property. 

“Are you wearing hose?” he asks, as he bends down and 
around the edge of his desk to peer at my legs, which in this steaming 
late spring in Louisiana are bare of hose.  His question puzzles me 
until I realize he is just looking for some stretchy fabric.  This is for 
Science!  Fortunately for his demonstration, Weiss, who spends most 
of his time in Boston, is wearing a blue wool sweater.  He scoots his 



chair around from behind his desk and invites me to watch as he 
pulls his sweater away from his stomach and stretches it. 

“Now, forget that I am the agent that is moving this,” he says.  
First he pulls the sweater’s weave in one direction, thus making the 
space between the threads elongate from right to left, and then he 
pulls in the opposite direction which makes the space elongate up 
and down.  And that’s it right there.  This is how a gravity wave 
warps a blue wool sweater. 
 Another helpful metaphor that the LIGO scientists like to use 
when describing gravity waves to a mushy, non-scientific brain that 
needs an easily grasped hook into this stuff is a bowling ball sitting 
on a trampoline.  If you pretend that the bowling ball is our sun, and 
the trampoline is space/time, you can see that the weight of the 
bowling ball causes the trampoline to bend downward.  Then if you 
roll other smaller, lighter balls, those would be planets, onto the 
trampoline they follow the path of least resistance along this 
space/time curvature toward the bowling ball at the center of the 
universe.  So gravity in outer space is not so much a force, as it is a 
warping of space/time, something that we experience on earth as 
static. 
 By this reckoning then, if a cataclysmic event happens in space, 
such as a supernova, it would cause a ripple in space/time which 
would look like a wave pattern, hence the term “gravity waves”.  
There are other sources of gravity waves, such as the black holes that 
Kip Thorne, a theoretical astrophysicist at Caltech, has researched.  
There are also pairs of neutron stars that spin around each other, 
gradually losing energy and gravity waves as they move closer to 



each other.  LIGO may also detect the gravity waves that remain in 
space/time from the Big Bang that started us all. 

An important turning point for gravity wave research came in 
1974 when the team of Russell Hulse and Joseph Taylor observed a 
change in the orbit of a binary neutron star system that matched the 
emission of gravity waves that Einstein had predicted.  Since that 
discovery, physicists say that they know the existence of gravity 
waves by inference.  The Hulse/Taylor work shows indirect evidence 
of them.  The next step is recording direct evidence. 

This poses an interesting challenge because gravity waves, 
according to the mathematical calculations that predict them, by the 
time they pass through our world here, have become so minute and 
so subtle that humans would never be able to sense them with these 
crude instruments of our eyes or ears or skin.  No, we’d need a really 
sensitive instrument to experience gravity waves directly.  That 
would be LIGO. 

 
The instrument that is LIGO is so sensitive, in fact, that it 

frequently cannot be persuaded to work.  On a recent visit Mike 
Zucker brought me on a tour of the facility, which included a stop in 
the control room.  The comparison is unavoidable.  It really does look 
like the set of Star Trek.  There are terminals ringed by rows of 
computer screens, each showing colorful zigzags and dense charts of 
numbers, unreadable to mere mortals.  On this day a group of the 
control room operators sit at a table off to the side.  They are eating 
pizza. 

“What’s the matter?” asks Zucker.  “Oh, did we break it?”  This 
has the air of an old LIGO inside joke, and no one laughs because the 



instrument has actually broken down today.  And they’re still trying 
figure out why. 

Gabriella Gonzalez, who is a professor at LSU in addition to her 
work at LIGO, was my host on another one of those breakdown 
afternoons.  “It is so much more quirky than we anticipated, but we’ll 
get it going again, right Harry,” says Gonzalez, standing at one of the 
terminals where Harry Overmier, an operator, sits and works on the 
problem.  He looks up at her over the top of his glasses—his face a 
wordless picture of doubt. 

Overmier had just shuffled in wearing white paper booties over 
his shoes.  He has been tinkering with the delicate insides of LIGO, 
and he forgot to remove them when he left the inner sanctum.  These 
paper booties are required footwear for anyone who goes into the 
guts of LIGO where all the really sensitive and expensive machinery 
is.  They prevent any stray dust that you might have on your shoes 
from getting into the machinery.  Dust is a disaster for LIGO.  It could 
really gum up the works.  Gonzalez explains that technically there 
are four “degrees of freedom” in the machine.  But in reality there are 
hundreds of moving parts, and any one of them could go wrong at 
the slightest provocation. 

 
Before we go further with this, you need to understand what 

LIGO looks like.  Here is a picture of it: L.  This is just a rough 
approximation of it, so now imagine that the lower part of the letter is 
the same length as the upper part, four kilometers, and the two parts 
are hollow tubes.  Now imagine that the space in the two tubes has 
no air in it.  It’s a complete vacuum, just like outer space, so the inside 
of this L is like a hole in the universe.  Now imagine that a laser beam 



splits in half at the point where the tubes meet, thus becoming two 
beams that shoot out at a perpendicular angle, each half of the laser 
beam goes to the end of the tube where they each strike a mirror 
suspended in space, shoot back to another mirror, and then go back 
and forth like that several times.  Okay, now imagine that the space 
in the tubes is really more like a mesh fabric that can stretch up, 
down and sideways if something pushes or pulls on it.  Now ask 
yourself: What would happen to the laser beam if this space, which is 
like a stretchy fabric, did in fact stretch?  Bear in mind that we tend to 
think of the speed of light as constant, but if this space/time fabric 
actually changes—compresses or expands under force—then the 
length of the laser beam in one part of the L would differ than in the 
other part.  Thus, showing that Einstein got it right.  You got all that, 
right? 

You may have to squint your eyes and wrinkle your forehead 
for a while before you wrap your brain about this completely.  Or 
you may prefer to say that Einstein was right about a lot of other 
things, so we don’t need to spend $365 million, showing that his 
General Theory of Relativity was a good one.  Let’s all agree that he 
probably got that one right too, and leave it at that.  Certainly, that 
would be the easier option, but it would lack imagination. 
 
 A number of scientists have labored in the field of gravity wave 
detection, both as theorists and as experimenters, and the history of 
this research has been well documented in Marcia Bartusiak’s book 
Einstein’s Unfinished Symphony.  Perhaps the one scientist whose 
character and life story are most closely intertwined with gravity 
wave detection is Rainer Weiss. 



“The father of LIGO,” Mike Zucker calls him. 
“Whatever Rai says about this is what you should go with,” 

says Brian O’Reilly, one of the Livingston facility’s two staff 
scientists.  “Rai has forgotten more about gravity waves than I’ll ever 
know.” 

Weiss was born in Berlin in 1932, and soon after that his family 
was displaced out of Germany by the Nazis and came to New York.  
Not surprisingly, Weiss was a precocious teenager, fascinated by the 
new field of audio-electronics, and he started his own business 
setting up hi-fi systems in the homes of wealthy people who wanted 
to listen to the New York Philharmonic on the radio.  The 16-year-old 
Weiss had figured out how to get great sound without distortion 
from big speakers.  The secret was a better receiver, which would 
prove to be a prescient idea. 

All went well, he made lots of money, spent it all on new 
equipment, and then in 1949, he encountered a disturbing hole in 
Herald Square.  “Between Macy’s and Gimbel’s, Con Edison was 
digging up the street, and I looked down into the hole,” he recalls.  “I 
saw a subway train.  Below that I saw another train, the IRT.  Then 
below that I saw yet another train.  Then even deeper than that—I’m 
70 feet down now—I see a man working on the tracks.  Well, after 
that I had to get out of New York.  I just couldn’t see how it all held 
together.” 

This glimpse into the bowels of New York drove Weiss to MIT, 
where he studied electrical engineering to his great boredom, fell in 
love with a girl whom he followed all around the country instead of 
going to class, and then he flunked out of MIT.  “They told me they 
didn’t take attendance, but they did.” 



The saving grace came when Weiss spied through a window of 
one of the physics labs at MIT and saw two men yelling at each other 
from either end of a huge tube.  He figured they could use an 
electrical engineer, and since he had been cut loose from his academic 
career, he went in to ask for a job.  Jerrold Zacharias, the MIT 
physicist, who developed the atomic clock that led to the global 
positioning system, hired Weiss to work in the lab and later arranged 
for his return as a student to MIT.  Of his mentor Weiss says, “He was 
like that New Testament character—a fisher of men.  He brought so 
many of us together, and he was a tough guy.  Some hated him.  I 
loved him dearly.  I’m still sad that he’s not around.” 

With Zacharias Weiss worked on an experiment to measure 
“redshift”, another of Einstein’s predictions, that would involve 
placing an atomic clock at the peak of Jung Frau and another in the 
valley to show that time moved at different speeds depending on the 
altitude.  “To me that was absolutely wild!” says Weiss.  That 
experiment didn’t work for various reasons.  Before too long, Weiss 
acknowledged that as much as he would love to remain the eternal 
graduate student, hopping from one intriguing experiment to the 
next, now that he had a family, it was probably a good idea to get a 
job.  So he forced himself to finish his doctoral thesis, began teaching 
at Tufts University, and was offered a faculty position.  Instead he 
chose to take a postdoctoral fellowship with Robert Dicke at 
Princeton, who was working on an experiment to test the General 
Theory of Relativity.  This was a pivotal time for Weiss, who says, 
“the lineage of ideas that led to LIGO started with Bob Dicke.” 

Dicke had built an instrument that he intended to detect 
infinitesimal changes in gravity as the earth expands and contracts 



under the force of gravity waves.  The instrument frequently stopped 
working, and one night Weiss had to make repairs while his wife and 
baby daughter waited in the car.  They had planned to drive to 
Washington to visit his wife’s family, and once they got on the road 
again, Weiss recalls that they turned on the radio and heard the news 
that there had been an enormous earthquake in Alaska. 

“I raced back to the site, and sure enough the earthquake had 
knocked the instrument all galley-west,” says Weiss.  “When you bop 
the earth it keeps ringing and singing like a bell at this very 
interesting frequency.” 

So that experiment never worked, either.  Weiss is the first to 
admit his history is littered with experiments that didn’t turn out the 
way he hoped, even though they all led to something useful.  A true 
experimenter, Weiss is eager to build things and see what they’ll do, 
without requiring a guarantee of success before beginning.  It’s the 
process of tinkering and trying that holds his attention.  “If we knew 
what it was we were doing, it would not be called research, would 
it?” Einstein is supposed to have said, at least according to some 
sources.  Nonetheless it’s true, even if apocryphal. 

His mentor Zacharias then beckoned from MIT and got Weiss a 
job.  “Academia used to be so lax,” says Weiss.  “Now one person 
could never go to the physics department and just say, ‘Hire this 
guy.’  It all has to go through committee.  Back then if a committee 
had looked at me on paper, they would have said, ‘Who is this 
schmo?’  Everything I had worked on had failed!” 

His first task, handed to him by the head of the physics 
department, was to teach a graduate-level course on general 
relativity.  Weiss had to admit to himself that he didn’t understand 



the General Theory of Relativity, and spent the whole semester 
reading one page ahead of his students. 

In the late 1960s and early 1970s the astrophysics community 
was abuzz with the news that Joe Weber at the University of 
Maryland had claimed to detect gravity waves with a small 
instrument he had built in his lab.  Another scientist who attempted 
to replicate Weber’s results without success later discredited Weber’s 
claim.  Joe Giaime, the assistant director of the Livingston facility, 
explains his take on how scientists reach consensus on whether or not 
data is good:  “You can’t fool nature for long.  When someone has a 
result, you try to reproduce it.  So if you screwed up, nature won’t 
tolerate it.  This has worked very well, ever since Descartes.” 

Most scientists say Weber got it wrong perhaps because his 
own hopes for success tainted the outcome of his experiment, an 
understandable human frailty.  “Because of the bad taste that left in 
everyone’s mouth,” says Giaime; “We want to make sure we are 
absolutely conservative about our claims.” 

Still, Weber’s work brought new attention to gravity wave 
detection as a potential achievement, during a time when the 
prevailing research climate railed against it.  In particular, the later 
discussion of black holes caused controversy.  “Black holes were 
anathema; they didn’t want them to exist,” says Weiss, yet it is the 
possibility of detecting a gravity wave from a black hole that still 
keeps him most engaged.  Because gravity is so extreme in a black 
hole that not even light can escape, this is the field where space/time 
is most warped.  It’s the area where Einstein’s General Theory of 
Relativity is most applicable.  Weiss asserts that his own colleagues at 



MIT, “who are famous for their skepticism of such things, told me to 
get the hell out of this business.  That it was crazy!”   

Nevertheless, Weiss’s students, who were aware of Weber’s 
controversial experiment, wanted to know more about these gravity 
waves.  “I couldn’t tell something to a student with a straight face 
without being able to show how to measure it,” says Weiss.  “The fact 
that the math hung together wasn’t enough for me.  Ever since my 
work with Bob Dicke, I was always thinking in terms of what was 
demonstrable.” 

So Weiss made it a homework assignment.  They all had to 
design an experiment for detecting gravity waves, utilizing Weiss’s 
idea for an L-shaped instrument that would include what he had 
learned about lasers in earlier experiments.  He had figured out that 
comparing the time delay in a light wavelength would be the way to 
see an up-down or side-to-side change in space/time caused by a 
gravity wave. 

“The students didn’t get it right,” he says.  “I had done the 
numbers and it looked terrible.”  To take this experiment from paper 
to project would mean recording a shift in space/time that was as 
small as 10 –21 (10 to the negative 21 st power) centimeters, which is 
why everyone else thought it was such a bad idea to try it.  The 
chances of success appeared too remote.  Yet, Weiss was showing on 
paper, at least, that it could be done. 

Unbeknownst to Weiss, other researchers had been thinking of 
a similar design for a laser interferometer—two Russian physicists—
but they were all working independently of each other.  Weiss’s 
design turned out to be the more advanced, as he had identified all 
the “noise” sources and how to cope with them.  These are the earth’s 



jiggling and other local influences that would obscure the appearance 
of a true gravity wave.  In 1972, Weiss wrote up his idea for the 
experiment—which is the basis of today’s LIGO—for the Quarterly 
Progress Report of the Laboratory of Research Electronics, not an august 
journal of scientific research.  “I learned from Zacharias, never 
publish an idea.  Only publish a completed experiment,” says Weiss.  
“Only theorists think it’s okay to publish an idea.  If you publish an 
idea, that means you have a stake in it, but you have not done the 
work.” 

Weiss hints at a long-standing tension between theorists and 
experimenters that has been a sore point for him.  Too often relegated 
to the unglamorous status of a grimy mechanic who does the grunt 
work of proving things, the experimenters rarely enjoy the aura of 
charisma that swirls about the theorists, who appear to recline on 
clouds in a realm of pure thought, among giants like Einstein.  Yet, 
Weiss points out that great ideas have come from both sides of this 
line between theory and experiment.  Furthermore, a great theory 
may show that the mathematical equations work, but there is no way 
to know for sure if a theory offers a truth of nature without the work 
of the experimenters who test theory in the multi-dimensional world 
outside the mind—the physical realm of nature, where physics actually 
happens. 

Weiss adds that this tension between theorists and 
experimenters produces a profound crisis for his students at MIT that 
occurs in their junior year, when they study quantum theory where 
physics is not so clear or deterministic.  Suddenly confronted by a 
physics that is fuzzy and random, these students may also see that 
they are not going to be an Einstein, that they may have been a star in 



high school, but now they are just one of many big thinkers at MIT.  
This humbling experience hooks into the prejudice that the superstars 
of the discipline are the ones who are really psyched about quantum 
theory because that is modern physics, the cutting edge, and that 
only the hacks go into experimenting.  Finally, all students must 
come to a point in their studies where they accept that they can’t be 
both a theorist and an experimenter if they want to discover 
something new in science.  The two roles require entirely different 
temperaments.  According to Weiss, this crisis has been so 
unmanageable for some students that they commit suicide. 

“Now we know enough, we can intervene.  So I give them a 
talk, first eyeing them to make sure they are not so despondent that 
they might do something stupid,” says Weiss.  “Then I ask them:  Is 
there something in nature that is bugging you?  Is there an interesting 
problem for you? And do you like working this problem and finding 
the variable that makes the problem tractable, so you can solve it?  
That should give you so much pleasure that it is like an orgasm.  If 
you don’t experience that, then you better not become a theorist 
because most of your life will be trying to solve these problems.  

“If you are an experimenter, then you like to figure out how an 
experiment might work on paper first, and then you get others 
interested in it.  You start to build it, play with it; you tinker and see 
if it works.  If it doesn’t, you try it again another way.  And if that 
doesn’t give you an orgasm, if that isn’t so much fun that it makes 
you hit the ceiling, then you better not become an experimenter, 
because you’re going to have to do that hundred more times.  If you 
can’t enjoy the process, forget it.  I don’t care if it’s good for society.  
That comes later.  My mantra is:  It has to be fun. 



“I don’t know if that keeps the kids from committing suicide,” 
he finishes.  “But it seems to help.” 
 These so-called “soft” elements of being human—temperament, 
belief, emotion, pleasure—filter throughout research and discovery in 
the so-called “hard” sciences, and the influence is clearly there.  For 
example, physicists often wax poetical when they talk about Einstein.  
They use the words “elegant” and “magical” to describe his theories, 
the sort of language you’d be more likely to hear in a description of a 
figure skater than a physicist.  This lyricism that Einstein inspires 
among empirical thinkers not typically prone to such mushiness, 
suggests there is an aesthetic that informs physics, a belief that if 
something is beautiful it is more likely to be true.  Or at least suggests 
that in seeking the facts of the natural world, the physicist, not 
coincidentally, seeks something beautiful. 
 Weiss also describes what he sees as a type of religion in 
science, pointing to underlying assumptions that drive scientific 
thought, primarily Einstein’s, that Weiss identifies as faith not fact 
because they have never been proven.  The first is the belief that 
nature will be simple enough to be understood by humans according 
to a finite number of rules that will govern everything.  And secondly 
that mathematics is the way that nature will be revealed to humans.  
“People invented geometry for fun.  It was a mind game, invented 
out of pure fancy.  That it should have any application in the real 
world is the deepest mystery.  Why should the mind of man be able 
to imagine or invent the way nature really is?  If you put me up 
against a wall and asked me to explain it, I couldn’t,” he says.  “Some 
born again crazies could argue that it was put in your head by God, 



but I don’t know about that.  It’s a mystery and illogical in the sense 
that it’s not derivable.” 
 The physicists themselves may be loath to admit it, but they 
also seek knowledge that is comforting.  This has factored into the 
newest discoveries in astrophysics—the existence of dark matter and 
dark force.  Although these sound like chapter headings in the Star 
Wars trilogy, they are real areas of research.  Physicists have learned 
that they are able to observe only about 4% of the stuff that makes up 
the universe, that is “baryonic matter” made up of protons, neutrons 
and electrons, stuff that reflect light so they can see it in the detection 
instruments they’ve developed so far.  This dark matter does not 
radiate light or heat, hence the darkness of it, so scientists can’t 
analyze what it is made of, and that accounts for about 23% of the 
universe.  The remaining 73% is a dark force, which is an acceleration 
in the already known expansion of the universe that physicists can 
see happening, yet they cannot account for how or why this 
acceleration happens.   

The idea of an expanding universe has been around for a while, 
and most of us have gotten used to it, and we ignore the ramifications 
of that expansion—that the earth is moving inexorably toward 
death—because it probably won’t affect us for about ten billion years 
or so, by which time we will have probably eradicated ourselves by 
some other means anyway.  So the news that 96% of what’s in the 
universe, physicists can’t explain is pretty exciting.  It signals a new 
frontier in physics.  This is particularly exciting for the LIGO 
scientists because this darkness appears to act gravitationally.  The 
LIGO instrument, which takes data from the universe in this entirely 



new gravitational way, has a better chance to tell scientists about this 
discovery than the other instruments they have been using so far. 

For others, the news of a dark force accelerating the expansion 
of the universe is exciting only if you can forget that it means “now 
we are heading even sooner toward Mr. Eliot’s ending not with a 
bang but a whimper,” says Weiss.  “I don’t like it.  It depresses me.” 
 The concept of a dark force apparently depressed other 
physicists too, who strongly resisted the idea.  They tried an 
alternative theory called the “Steady State Universe” that would 
arrange for matter to reappear in the universe to replace what is lost 
through this expansion.  For a while, Weiss and others liked this 
theory.  “Our fear of death deeply influences science.  And this was 
comforting,” he says.  “Unfortunately, it turned out not to be true.  
The universe is becoming more sparse, and we are heading toward 
isolation, where everything cools off and that’s the end.  Pretty, sad, 
isn’t it?  But that seems to be what we are living in. 
 “Too bad,” he says, which is how Weiss punctuates many of his 
philosophical asides. 
 
 “They hate each other.  They are always fighting,” Weiss 
remarks on another topic.  He is not referring to experimenters and 
theorists this time, but indicates the tree outside his office window 
where someone has placed a hummingbird feeder.  Between bouts of 
cogitating on knotty problems in LIGO’s circuitry, Weiss watches the 
behavior of the hummingbirds and has observed there is one 
particular male hummingbird, who keeps a vigil on a branch above 
the feeder, and will allow the female hummingbirds to sip at the 



sugar water.  But if another male hummingbird attempts to fly in for 
a feeding, the alpha male hummingbird attacks. 
 “Isn’t it great when animals do that?” Weiss marvels at the 
display, so human, only in miniature.  Swooping and squabbling and 
sipping at sugar water, while all around them the universe is 
expanding toward a cold, dark, withering nothingness. 

“Hey!  Come in here a second, will you,” Weiss interrupts his 
own cosmological disquisition to shout at someone passing the door 
of his office. Rana Adhikari sticks his head in the office.  Until 
recently he has been a graduate student at MIT under the tutelage of 
Weiss.  Now, he’s doing a postdoc at Caltech, while still working 
with Weiss on LIGO. 

“You fucked up,” Weiss says in a tone of voice that makes this 
sound like a friendly overture.  Adhikari comes into the office and 
leans over the desk where Weiss is unfolding a large sheet of graph 
paper covered in penciled lines and numbers.  Weiss points at one of 
the numbers and says, “Here, you told me to check this, and I did.  
There’s nothing wrong with it.” 

“No, I told you to check this,” Adhikari answers and points to a 
different place on the graph paper. 

“Oh, that!” says Weiss and peers more closely at the numbers.  
“Okay, I fucked up.” 

“I’m sure it was mutual,” says Adhikari, who has apparently 
learned diplomacy somewhere other than his mentor’s lab.   

Like Weiss, Adhikari followed a somewhat zigzag path into 
academia.  Before starting college, he worked for three years as a car 
mechanic.  Now he describes his job on the LIGO project as, “Sort of 
like a mechanic.  There are things I learned in the shop that I still use 



now,” he says.  “When I worked at the garage, people would come in 
and say their car makes a clicking noise.  ‘Can you figure out what 
makes it do that?’ So I listen to the clicking noise.  What I do at LIGO 
is like that.  I’ll come in one morning and someone will say, ‘It’s 
making this noise.’  And I say, ‘Can you make it make the noise 
again?’  Then I try to figure it out.  The machine has been buggier 
than we thought, so it takes a lot of tweaking.” 

Adhikari has labored at the task of de-bugging LIGO long 
enough that he feels confident in saying, “I am not worried.  We have 
worked so well, that nature has to pay us back by giving us a signal.  
Like a fair trade.  We have made the thing work.  If the universe 
doesn’t give us a gravity wave, it’s not our fault.” 
 A lot of people would probably ask at this point, since LIGO is 
so expensive and it has been so long in the making, does it work?  
Has it detected the gravity waves?  The answer is no, not yet, but it’s 
getting closer all the time.  LIGO has undergone four “science runs” 
so far, and has come close to “design sensitivity”.  A science run 
means letting the machine do what it is designed to do uninterrupted 
over a period of time and collect the data.  Design sensitivity means 
that the machine is working up to the capacity that has been 
mathematically calculated is required for capturing such a minute 
signal.  They have not finished analyzing the data from the most 
recent science run, so a gravity wave may be embedded there.  
However, in order to meet an obligation of their grant, the LIGO 
scientists still have to get the machine to the point where it can run 
without interruption for a full year. 

Thus far, the commissioning of LIGO has been mainly to isolate 
the machine from all the extraneous “noise” that throws this sensitive 



machine out of whack.  In order for LIGO to do its job, the 
machinery, the mirrors, the laser source, all have to be suspended at 
such perfect stillness that the only thing that could possibly interfere 
with the laser beam would be a gravity wave.  That’s how the 
scientists gradually close in on their goal, by working out the kinks in 
the machine so that nothing else can influence it but the gravity 
wave.  The purpose of having two facilities 2000 miles apart is also to 
remove the possibility of noise that might be mistaken for a gravity 
wave signal.  By running the two machines simultaneously and 
correlating the data, the scientists can rule out effects that show up in 
one machine but not the other.  Only a gravity wave would be able to 
show up in both machines’ data in exactly the same way, albeit ten 
milliseconds apart because that’s how long it would take for a gravity 
wave to travel the 2000 miles between the two facilities.  

This isolation is hard to do because the machine itself makes 
noise, and every time they tweak one part to improve it, that can in 
turn knock one of the other hundred or so parts out of alignment.  
Complicating matters further, the earth is jiggling under our feet all 
the time.  We can’t feel it, but LIGO can.  These jiggles come from 
such things as, waves hitting the shore in the Gulf, thunderstorms, 
trucks rattling along the highway, and an earthquake on the other 
side of the world.  The Livingston facility had been particularly 
plagued, as it sits in the middle of a logging industry, and so every 
time a tree fell in the forest, that caused enough seismic jiggle to put 
things out of alignment.  In the early days of LIGO, the scientists 
could only run their machine in the middle of the night after the 
loggers had quit work for the day.  Since then, they have installed a 
new hydraulic external isolation system that acts as a shock absorber.  



Now Brian O’Reilly says he comes to work in the morning, pushes a 
button and within five minutes the machine is running. 

The next step for LIGO is Advanced LIGO.  The original 
proposal for LIGO included the stipulation that once the machine can 
work for a full year, it will be upgraded.  The scientists are still 
waiting to receive the next wave of NSF funding of $10 million from 
congress, but when they do Advanced LIGO will expand the 
capability of the present machine by a factor of ten.  At full design 
capability, LIGO can sense signals from as far away as the Virgo 
Clusters, about 50 million light years into space.  With Advanced 
LIGO, the machine’s reach would not only go deeper into space but 
also wider, thus reaching a far greater number of things—black holes, 
binary star systems, you name it—that emit gravity waves.  So the 
probability of a gravity wave signal, not only subtle but rare, 
appearing in the data increases from one every few years to three a 
day.  This is what the math tells us.  

Although the scientists also say that no one knows for sure 
what will show up in the data, they know that LIGO will serve its 
purpose because it is a radical new instrument.  As the history of 
scientific research shows, every time humans have invented a new 
instrument for investigating the universe they have gotten entirely 
new information.  “It’s like looking with a new pair of eyes,” says 
O’Reilly.  Or listening with a new pair of ears, for LIGO is essentially 
an extremely sophisticated audio receiver, in its basic form, much like 
the radio parts that Weiss messed around with as a kid.  When a 
signal comes through it will be like a burp or a chirp. 

The lack of a solid indisputable gravity wave, or what Zucker 
calls a “gold-plated binary star system signal”, does not dampen 



anyone’s enthusiasm, least of all Weiss.  “There is no question that it 
will work,” he says.  “The only question is when.” 

This process of tweaking to reach that goal involves weekly 
commissioning meetings, where the Livingston scientists, O’Reilly, 
Giaime, Valery Frolov, Gabriella Gonzalez and others, gather round a 
table for a conference call to discuss with the scientists at the Hanford 
facility what went wrong that week, why, and how to avoid that 
particular glitch in the future.  Earlier there had been a meeting in 
this room to discuss the education center and how to present LIGO to 
young children.  The notes from that meeting remain on the erasure 
board over the heads of the physicists, who appear immune to the 
message left behind.  It says, “Need playtime.” 

Weiss who travels between Livingston and his home in Boston 
every few weeks attends this meeting by way of a speakerphone.  
The staff is trying to figure out why a photo diode had burned out.  
The unmistakable voice of Weiss floats out of the speaker: “Okay, 
now let me ask a really stupid question . . .” 

Whenever Weiss opens with a preface like that you can be sure 
that he is about to ask the one question that no one else had thought 
of yet.  Sure enough, when Weiss asks his “stupid question”, 
everyone in the room more or less slaps their hands to their 
foreheads in the universal gesture of: Jeez why didn’t we think of that? 

“That’s probably not the only thing that would cause us to slap 
our hands to our foreheads,” says Giaime, also one of Weiss’s former 
graduate students.  “The important thing is that Rai gets to do 
whatever he wants, and that’s good.” 

For his part, Weiss says there’s no place he’d rather be; he’s 
practically hitting the ceiling.  “The reason you get all this 



cockamamie stuff from me is that I am having the time of my life,” 
says Weiss.  “I have no responsibilities.  I am not getting paid.  I have 
no idea if anyone listens to what I recommend.  On the other hand, 
give me a problem and I’ll work it.  As you can probably guess, I am 
making up for the time I had to stop being a graduate student.  And I 
can’t think of a better way to spend the end of my life.” 


