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Albert Einstein’s persistent opposi-
tion to quantum mechanics is a famil-
iar, if still somewhat surprising, fact
to all physicists. It was first voiced in
1926 in his famous comment written
in a letter to Max Born that “Quan-
tum mechanics is certainly impos-
ing. But an inner voice tells me that
itisnotyet the real thing. The theory
says a lot, but does not bring us any
closer to the secrets of the ‘old one’.
I, at any rate, am convinced that He
is not playing dice.”

From then, until Einstein’s death
in 1955 —as he struggled without suc-
cess to find a unified theory of elec-
tromagnetism and gravitation — his
opposition never wavered, and made
him an increasingly isolated figure in
physics. “To Einstein, probabilities
were just a sign of gaps in our under-
standing,” David Bodanis concisely
observes in his latest book — Ein-
stein’s Greatest Mistake: the Life of
a Flawed Genius - the title of which
refers to this opposition.

Less established are the reasons,
both intellectual and personal, for
Einstein’s resistance. According to
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Bodanis, they lie in the history of
the cosmological constant, unwill-
ingly introduced by Einstein in 1917
into his 1915 field equations of gen-
eral relativity. Added as a fudge fac-
tor with a repulsive effect to balance
the attractive effect of matter, the
cosmological constant was meant to
produce a static solution for the uni-
verse: a concept that in 1917 seemed
evidently correct to astronomers.
When subsequent observations
of galaxies by Edwin Hubble and
Milton Humason proved that the
universe is actually expanding, Ein-
stein willingly abandoned the cos-
mological constant around 1931 and
reverted to his original field equa-
tions. He even, apparently, referred
to the cosmological constant as “the
greatest blunder of my life” (a com-
ment quoted by Bodanis without
reference to its somewhat doubtful
source). But as a result of his volte-
face, says Bodanis, Einstein became
increasingly convinced of the superi-
ority of his intuition over experiment
—aview that, by the 1930s, hardened
into dogmatic opposition to quan-

tum mechanics.

Telling support for this stance,
oddly unmentioned by Bodanis,
comes from an Einstein lecture, “On
the method of theoretical physics”,
delivered at the University of Oxford
in 1933, not long before he emigrated
to the US. Here Einstein controver-
sially stressed the importance of
mathematics over experiment in
devising physical theories by say-
ing that “Experience can of course
guide us in our choice of service-
able mathematical concepts, [but] it
cannot possibly be the source from
which they are derived; experience of
course remains the sole criterion of
the serviceability of a mathematical
construction for physics, but the truly
creative principle resides in mathe-
matics. In a certain sense, therefore,
I hold it to be true that pure thought
is competent to comprehend the real,
as the ancients dreamed.”

Nobel laureate Steven Weinberg
would appear to agree with Bodanis.
In “Einstein’s search for unifica-
tion”, an essay Weinberg contrib-
uted to my book, Einstein: a Hundred
Years of Relativity, he concludes that
because general relativity had been
guided by an existing mathematical
formalism — the Riemann theory
of curved space — perhaps Einstein
had acquired “too great a respect
for the power of pure mathematics
to inspire physical theory. The ora-
cle of mathematics that had served
Einstein so well when he was young
betrayed him in his later years”.

The most original aspect of
Bodanis’ book is its attempt to
explain difficult concepts in ordinary
language, without, of course, resort-
ing to mathematics. For instance,
Bodanis compares curved space
in general relativity to two Finn-
ish skaters who head for the North
Pole, using compasses to carefully
skate in parallel, but are inevitably
“pulled” together until they crash
into one other at the pole. He also
pictures Heisenberg’s understanding
of uncertainty at the subatomic level
as the experience of an audience at a
1920s Berlin operetta. The audience
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canwork out general patterns among
the actors from the type of clothes
they change into for each act, without
knowing exactly what the actors are
doing backstage. “Heisenberg would
have been convinced that what had
happened backstage was inherently
a blur,” suggests Bodanis. Whereas
from Einstein’s perspective, “each
individual actor had to be changing
his or her costume”.

Less original, though also engag-
ingly integrated with the book’s phys-
ics, are its biographical elements.
These cover not only Einstein but
also others such as his second wife
Elsa Lowenthal, his lifelong friend
Michele Besso and his sparring
partner Niels Bohr. His undergradu-
ate physics teacher in Ziirich, Hein-
rich Weber, who Einstein rightly
regarded as well behind the scientific

times, told him “You are a smart boy,
Einstein, a very smart boy. But you
have one great fault: you do not let
yourself be told anything.” For much
of Einstein’s life, this self-confidence
was without question a vital strength,
butin his later years, argues Bodanis,
it became a handicap.

Yet, as the essentially respect-
ful Bodanis admits, even Einstein’s
opposition to quantum mechanics
could be fruitful. His 1935 so-called
EPR paper, “Can the quantum-
mechanical description be consid-
ered complete?”, written with Boris
Podolsky and Nathan Rosen (nei-
ther of whom is named by Bodanis),
provoked a fellow-sceptic, Erwin
Schrodinger, to come up with the
technical term “entanglement” and
his tantalizing “cat” paradox.

Schrodinger, unlike Einstein,

eventually accepted quantum
mechanics as a profoundly useful
method of calculation. However,
the debates about its correct physi-
cal interpretation launched by the
great, if flawed, Einstein, are very
far indeed from being conclusively
resolved. “What is quantum theory,
a century after its birth?” asks Carlo
Rovelli in his recent book Reality Is
Not What It Seems: the Journey to
Quantum Gravity. “An extraordinary
dive deep into the nature of reality?
A blunder that works, by chance?
Part of an incomplete puzzle? Or a
clue to something profound regard-
ing the structure of the world, which
we have yet to fully decipher?”

Andrew Robinson is the author of Einstein: a
Hundred Years of Relativity (Princeton
University Press)

Help scan the realm beyond
Neptune for brown dwarfs and
planet nine.

URL: www.zooniverse.org/projects/
marckuchner/backyard-worlds-planet-9

So what is the site about?

Much as its name suggests, Backyard Worlds:
Planet 9 focuses on the hunt for a ninth planet

in our solar system, along with other possible
“rogue” planets that astronomers now believe
may abound in the galaxy. The idea is to look
though data from NASA’s Wide-field Infrared
Survey Explorer (WISE) mission and distinguish
certain features — following in the vein of a
number of other celestial citizen-science projects.
The data in this case are in the form of animated
images of the sky, taken at different times. As

a participant, your job is to pick out moving
celestial bodies — mainly ultracool brown dwarfs
and other rogue planets — from artefacts in the
data. As the site suggests “There are too many
images for us to search through by ourselves.

So come join the search, and you might find a
rogue world that’s nearer to the Sun than Proxima
Centauri — or even the elusive Planet Nine.”
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Who is behind it?

It should come as no surprise that Backyard
Worlds is part of the Zooniverse family. In case
you haven’t come across it before, Zooniverse
claims to be the “world’s largest and most
popular platform for people-powered research”.
Its science programmes involve everything from
spotting distant galaxies to counting animals in
the wild. The idea is to tap into people’s interest
in science, whether or not they have a science
degree and use their help to pick out details in
large data-sets — a task that computers are still
much slower at than the average person.

The Backyard Worlds team is made up of
researchers from the American Museum of
Natural History, the Space Telescope Science
Institute, NASA, the University of California,
Berkeley and Arizona State University.

Can | get involved?

Yes of course — that is the aim of the game. At the
time of writing, the site had 26 383 registered
volunteers who had completed 2 314 451
classifications, but that isn’t even halfway to the
goal so there is plenty more help you can offer.
Your main task as a volunteer is to look through
sets of false-colour images, taken at four different
times. You use a marking tool to point out
artefacts that are moving through these images,
either hopping and jumping across the set of
images (“mover”) or appearing as pairs of varying
bright and dark spots (a “dipole”). If you think
you have spotted a possible dipole or mover, you
report it via the chat function by providing the
object’s celestial coordinates (simply called Talk,
this section also allows you to chat with other
users as well as the scientists involved, making it
a great open discussion platform).

Web life: Backyard Worlds: Planet 9

The next step is to cross-reference your
discovery against a database of known
astronomical objects. Dubbed the “Set of
Identifications, Measurements, and Bibliography
for Astronomical Data” or SIMBAD, this database
is used by professional astronomers. If your
coordinates do not align with an existing object,
you get to fill out an exciting “Think you've got
one?” form with details of your find. At this point,
the professionals take over as they first research
the object to see what we already know about it,
before following up with observations of the most
promising candidates. “We need to apply for
telescope time to follow up the most interesting
objects to take their spectra,” explains the site,
adding that “The spectra will allow us to figure out
their spectral types and their temperatures, and
find out if what we're looking at really is a new
brown dwarf or planet. That whole process will
take several months.”

Who is it aimed at?

To some extent, the site is aimed at anyone who
would like to hunt for new planets. But Backyard
Worlds needs a bit more time and attention than
some of the other Zooniverse projects. While
looking through the data and marking artefacts
is simple, some users may be thrown by having
to determine the celestial coordinates and

then use the somewhat complicated SIMBAD
database to find more data on their discoveries.
That said, there are detailed “how to” guides
and blog posts on each of these topics and the
Talk feature allows you to ask for help if you
need it. Ultimately, the hard work will pay off for
all volunteers as everyone will be credited with
any potential discoveries. And really, how many
people can say they helped to find a planet?
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