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Preface
A little over a century ago, over four consecutive Wednesdays in November 1915,
Albert Einstein described to the Prussian Academy of Sciences a theory of gravity
that he had been working on for eight years. Among the audience of German
scientists, a few were excited and impressed, many were mystified, and some were
openly hostile. Outside the world of German science, the lectures had almost no
impact. This was the middle of World War I, and, except for a few neutral countries
such as Switzerland and the Netherlands, Germany was effectively cut off from
the rest of the world. Einstein, seriously ill from the grueling days and nights of
calculating, and from the food rationing and other privations of wartime Berlin,
returned to his office to continue toiling on his new theory in relative obscurity.
Just four years later, after British astronomers declared that Einstein was right
about the Sun’s gravity bending light, international headlines proclaimed Einstein
to be the successor to Isaac Newton, the herald of a strange new universe governed
by rubbery time, warped space, and mathematics so abstruse that only a handful of people could possibly comprehend it. Einstein became an overnight science
superstar, a status that he thoroughly enjoyed and occasionally disliked. But his
brainchild, called general relativity, soon languished, burdened by a shortage of
relevance, a lack of experimental support and a reputation for being just too complicated. General relativity soon became little more than an afterthought in the
world of physics.
But by 2015, the hundredth anniversary of general relativity, Einstein’s theory
had assumed its rightful place in the pantheon of physics. Its predictions had been
tested and retested countless times, sometimes with mind-boggling precision. College bookshelves displayed textbooks on general relativity alongside conventional
tomes on quantum mechanics, solid-state physics and astronomy, and physics departments routinely taught general relativity to graduate and undergraduate students. The theory’s relevance was being touted in fields ranging from high-energy
physics to astronomy to cosmology. And modern-day science superstars, such as
Stephen Hawking, could be seen or heard expounding on warped spacetime on
YouTube or in television shows such as “The Big Bang Theory”. It was even said
that general relativity helps you to navigate your car or to find your misplaced
smartphone, through the manner in which its rubbery time must be accounted for
in global navigation systems such as GPS.
The crowning event of that centennial year was the September 14, 2015 detection
of gravitational waves emitted by a pair of colliding black holes a billion light years
away from Earth. Einstein first predicted these waves in 1916, doubted their reality
for a while in the 1930s, and believed that it would never be feasible to detect them.
That detection, announced at a press conference in February 2016, made similar
world-wide headlines proclaiming that Einstein was right. More importantly, it
initiated a new way of doing astronomy, by “listening” to the universe, rather than
by looking at it. It also opened up new ways of putting Einstein’s theory to the
test, using black holes, neutron stars and gravitational waves.
This book is about Einstein’s 100-plus year-old creation, the general theory of
relativity with a definite slant toward experiment and observation. General relativity is a very beautiful theory. Einstein was guided toward its final form by aesthetic
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criteria of beauty, simplicity and elegance. In the end, while he appreciated the role
of experimental tests, deep down he believed that the theory was so beautiful that
it had to be correct. But as the great American physicist Richard Feynman once
said “It doesn’t matter how beautiful your theory is, it doesn’t matter how smart
you are. If it doesn’t agree with experiment, it’s wrong”.
In this book, we will describe how general relativity has passed every experimental test to which it has been subjected, an almost unbelievable perfect score.
Yet the 1687 gravitation theory of Newton had a similar perfect score until general
relativity took over. There is no reason to assume that general relativity is the last
word on gravity. The observation of some anomalous effect or of a disagreement
with Einstein’s theory could tell us that it’s time for a new theory. The 1998 discovery that the expansion of the universe is speeding up rather than slowing down
is an example of an anomaly that has many people scratching their heads. Some
of them are working hard on devising alternatives to general relativity to account
for this. Therefore, we must keep testing general relativity, especially in new and
unfamiliar arenas, such as near black holes, or using gravitational waves, in order
to discover where or how, or even if it might be superceded.
We are theoretical general relativists, but we have both spent a substantial
fraction of our research careers investigating how to verify (or disprove) general
relativity by experiment or observation. We don’t actually do experiments or make
observations; our experimental colleagues get nervous when we get too close to their
equipment. Yet, we have spent enough time talking to them and collaborating with
them that we think we have a good feeling for what they do and how observations
and experiments can test Einstein’s theory. In this book you will learn about some
of the absolutely brilliant people who design the experiments, build the apparatus
and instruments, and analyze the data. Some of them work alone or in small groups,
some belong to enormous collaborations of thousands of scientists, engineers and
technicians. These are the people who are doing the real work of finding out if
Einstein is still right.
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