Quantum Computing
with Molecules

By takmg advantage of nuclear
magnetic resonance, scientists can
coax the molecules i some
ordmary liquids to serve
as an extraordmary type

of computer

by Ieil Gershenfeld and Isaac L Chuang

artoring amenber with 400 dig-

its—a manerical feat needsd to

break some seourity codss—
would take aven the fastest supsrsotn -
puter in axistencs billiong of years, B
a newly corrceived type of cotpamer,
one that sxploits quartarn-rmechanical
Interactions, mightcomplets the task in
a year oI 50, thereby defeating mary of
the most sophisticatsd sneryption
schernes in wse. Sensitive data are safe
for the ime bang, basatse no ons has
basn able to tiadld a practical quantam
computsn. B researchers have now
dern onstrated the feasibility of this ap-
proach Such a conputer would look
nothing like the machine that sits on
vour desky, surprisingly, it might resetn -
Ble the cup of coffes at its side.

We and several other research sroups
bBelieve quartan computers bassd on
the molaulss ina lquid might one day
owercorns marry of the lirits facing con-
vertional cornputers, Boadblocks to im-
proving convertiona cormputers will
ulfitnately anss from the fundarmerital
physical bounds to mindaturizaton (for
exarnple, becanse ansstors and slare-
trical winng carnot be mads shimener
than thewidth of anatorm). Cr they may
cotns about for practical ress ors—rn oot
likely Beacanse the facilities for fabrcat-
ing still mors powearful micr ochips will
Becorns prohubitively sxpearsivs. Tat the
magie of quantien mechanices mighe
solwe both thess problams.
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The adwaritage of quanten cormpuat-
&rs anses from the way they sncode a
bit, the fundarmerntal ot of mforma-
tiore The state of a bit it a classical dig-
ttal cornpaater iz specified by one roonber,
0 or 1. Ans-bit binary word it a typicsa
cornpar is arcor dingly dsseribedbya
stiing of 2 zeros and onss, & quantaon
bit, mallad a qubit, might be represantad
by anatom in one of two diffarant states,
which can also be denoted a3 0 ar 1.
Tiwo qubits, like two classical bits, can
attain four differerr well-defived states
(Dandd, 0and 1, 1andd, or 1 and 1),

But wmlike clamical bits, qubits can
exist sitnultaneoisly as 0 and 1, with
the probability for sach state givenby a
renerical cosfficient Deseribing a two-
qubit quantien cornpuksr this Tequires
four costfisnt. In general, v qubits
dernand 2 anbers, which rapidly be-
cornss a sizabls st for largor values of 7.
For sscarnple, if wequals 50, abour 1019
rwnbers are requirad to deseribe Al the
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probabilities for all the possible states
of the quantmn mackite—a rurnber that
axreeds the capacity of the lar gestoon-
wertional computer, A quantam sobn -
PUter propnises to belmmmensaly power -
fl berase it can be inmultiple states at
otwe—a phatnntnenon callad superpos -
fon—and becavse it can act on all its
possible states sinultansoasly This, a
quariharn computer ool d natr all y per-
form myriad operations it parallsl, us-
iy only asingls procesing it

Aciion ar a Dhstance

tother property of qubits iz even
moors bizam s—and wabul. Imnagine

a physical process that amits two pho-
tors (packats of Light), one to the left and
the other to the right, with the two
photors having opposite onsntations
(polarizations) for their ceeillating 2lec-
Tiral fislds. Uil detected, the polariza-
ton of sach of the photors is indster -
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