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ANNALS OF SCIENCE

DREAM MACHINE

The mind-expanding world of quantum computing.

BY RIVEKA GALCHEN

n the outskirts of Oxford lives a bril-

liant and distressingly thin physicist
named David Deutsch, who believes in
multiple universes and has conceived of an
as yet unbuildable computer to test their
existence. [is books have titles of colossal
confidence (“The Fabric of Reality,” “The
Beginning of Infinity”). He rarely leaves
his house. Many of his close colleagues
haven't seen him for years, except at occa-
sional conferences via Skype.

Deutsch, who has never held a job, is
essentially the founding father of quanturm
computing, a field that devises distinctly
powerful computers based on the branch
of physics known as quantum mechanics.
With one millionth of the hardware of an
ordinary laptop, a quantum computer
could store as many bits of information as
there are particles in the universe. It could
break previously unbreakable codes. It
could answer questions about quantum
mechanics that are currently far too com-
plicated for a regular computer to handle.
None of which is to say that anyone yet
knows what we would really do with one.
Ask a physicist what, practically, a quan-
tum computer would be “good for,” and he
might tell the story of the nineteenth-cen-
tury English scientist Michael Faraday, a
seminal figure in the field of electromag-
netism, who, when asked how an electro-
magnetic effect could be useful, answered
that he didn’t know but that he was sure
that one day it could be taxed by the Queen.

In a stairwell of Oxford’s Clarendon
Physics Laboratory there is a photo poster
from the late nineteen-nineties commem-
orating the Oxford Center for Quantum
Computation. The photograph shows a
well-groomed crowd of physicists gath-
ered on the lawn. Photoshopped into a far
corner, with the shadows all wrong, is the
head of David Deutsch, looking like a
time traveller teleported in for the day. Tt
is tempting to interpret Deutsch’s repre-
sentation in the photograph as a collegial
joke, because of Deutsch’s belief that if a
quantum computer were built it would

constitute near-irrefutable evidence of
what is known as the Many Worlds In-
terpretation of quantum mechanics, a
theory that proposes pretty much what
one would imagine it does. A number of
respected thinkers in physics besides
Deutsch support the Many Worlds Inter-
pretation, though they are a minority, and
primarily educated in England, where the
intense interest in quantum computing
has at times been termed the Oxford flu.

But the infection of Deutsch’s think-
ing has mutated and gone pandemic.
Other scientists, although generally in-
different to the truth or falsehood of
Many Worlds as a description of the uni-
verse, are now working to build these
dreamed-up quantum-computing ma-
chines. Researchers at centers in Singa-
pore, Canada, and New [Haven, in collab-
oration with groups such as Google and
NASA, may soon build machines that will
make today’s computers look like pocket
calculators. But Deutsch complements the
indifference of his colleagues to Many
Worlds with one of his own—a profes-
sional indifference to the actual building of
a quantum computer.

hysics advances by accepting absurdi-

ties. Its history is one of unbelievable
ideas proving to be true. Aristotle quite rea-
sonably thought that an object in motion,
left alone, would eventually come to rest;
Newton discovered that this wasn't true,
and from there worked out the foundation
of what we now call classical mechanics.
Similarly, physics surprised us with the
facts that the Earth revolves around the
sun, time is curved, and the universe if
viewed from the outside is beige.

“Our imagination is stretched to the
utmost,” the Nobe] Prize-winning physi-
cist Richard Feynman noted, “not, as in
fiction, to imagine things which are not
really there, but just to comprehend those
things which are there.” Physics is strange,
and the people who spend their life de-
voted to its study are more accustomed to
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its strangeness than the rest of us. But,
even to physicists, quantum mechanics—
the basis of a quantum computer—is al-
most intolerably odd.

Quantum mechanics describes the nat-
ural history of matter and energy making
their way through space and time. Classi-
cal mechanics does much the same, but,
while classical mechanics is very accurate
when describing most of what we see
(sand, baseballs, planets),
its descriptions of matter at
a smaller scale are simply
wrong. At a fine enough
resolution, all those reliable
rules about balls on inclined
planes start to fail.

Quantum mechanics
states that particles can be in
two places at once, a quality
called superposition; that
two particles can be related,
or “entangled,” such that
they can instantly codrdinate
their propertics, regardless
of their distance in space and
time; and thatwhen we look
at particles we unavoidably
alter them. Also, in quan-
tum mechanics, the uni-
verse, at its most elemental
level, is random, an idea that
tends to upset people. Con-
fess your confusion about
quantum mechanics to a
physicist and you will be told
not to feel bad, because
physicists find it confusing,
too. If classical mechanics is
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David Deutsch believes that quantum computers will give evidence

chanics is Kafka.

The Danish physicist Niels Bohr took
issue with Einstein. He argued that, in
quantum mechanics, physics had run up
against the limit of what science could
hope to know. What scemed like non-
sense was nonsense, and we needed to re-
alize that science, though wonderfully
good at predicting the outcomes of indi-
vidual experiments, could not tell us about
reality itself, which would remain forever
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sadly misguided, like those earnest inqui-
ries people mail to 221B Baker Street, ad-
dressed to Sherlock Holmes.

met David Deutsch at hishome, at four

o'clock on a wintry Thursday after-
noon. Deutsch grew up in the London
area, took his undergraduate degree at
Cambridge, stayed there for a master’s
in math—which he claims he’s no good
at—and went on to Oxford
for a doctorate in physics.
Though afhliated with the
university, he is not on staff
and has never taught a
course. “I love to give talks,”
he told me. “I just don't like
giving talks that people don't
want to hear. It's wrong to
set up the educational sys-
tem that way. But that's not
why I don'’t teach. T don’t
teach for visceral reasons—I
just dislike it. If T were a bi-
ologist, [ would be a theoret-
ical biologist, because I don't
like the idea of cutting up
frogs. Not for moral reasons
but because it's disgusting.
Similarly, talking to a group
of people who don't want to
be there is disgusting.” In-
stead, Deutsch has made
money from lectures, grants,
prizes, and his books.

In the half-light of the
winter sun, Deutsch’s house
looked a Tittle shabby. The
yard was full of what ap-
peared to be English ivy,
and near the entrance was
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All the oddnesswouldbe _for the existence of parallel universes. Photograph by Hans Gissinger.  something twiggy and

easier to tolerate if quantum

mechanics merely described marginal bits
of matter or energy. But it is the physics of
everything. Even Einstein, who felt at case
with the idea of wormbholes through time,
was so bothered by the whole business that,
in 1935, he co-authored a paper titled “Can
quantum-mechanical description of phys-
ical reality be considered complete?” Ile
pointed out some of quantum mechanics's
strange implications, and then answered
his question, essentially, in the negative.
Einstein found entanglement particularly
troubling, denigrating it as “spooky action
at a distance,” a telling phrase, which con-
sciously echoed the seventeenth-century
disparagement of gravity.
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behind a veil. Science merely revealed
what reality looked like to us.

Bohr's stance prevailed over Einstein's,
“Of course, both sides of that dispute were
wrong,” Deutsch observed, “but Bohr was
trying to obfuscate, whereas Einstein was
actually trying to solve the problem.” As
Deutsch notes in “The Fabric of Reality,”
“To say that prediction is the purpose of a
scientific theory is to confuse means with
ends. It is like saying that the purpose of a
spaceship is to burn fuel.” After Bohr, a
“shut up and calculate” philosophy took
over physics for decades. To delve into
quantum mechanics as if its equations told
the story of reality itself was considered

bushlike that was cither
dormant or dead. A handwritten sign on
the door said that deliveries should
“knock hard.” Deutsch answered the
door. “Tm very much in a rush,” he told
me, before I'd even stepped inside. “In a
rush about so many things.” His thinness
contributed to an oscillation of his appar-
ent age between nineteen and a hundred
and nineteen. (He's fifty-seven.) His eyes,
behind thick glasses, appeared outsized,
like those of an appealing anime charac-
ter. His vestibule was cluttered with old
phone books, cardboard boxes, and piles
of papers. “Which isn't to say that T don’t
have time to talk to you,” he continued.
“It’s just that—that’s why the house is in
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