The advantage of quantum comput-
ers arises from the way they encode a
bit, the fundamental unit of informa-
tion. The state of a bit in a classical dig-
ital computer is specified by one number,
0 or 1. An #-bit binary word in a typical
computer is accordingly described by a
string of # zeros and ones. A quantum
bit, called a qubit, might be represented

by an atom in one of two different states,
which can also be denoted as 0 or 1.
Two qubits, like two classical bits, can
attain four different well-defined states
(0and 0,0and 1,1 and 0, or 1 and 1).
But unlike classical bits, qubits can
exist simultaneously as 0 and 1, with
the probability for each state given by a
numerical coefficient. Describing a two-
qubit quantum computer thus requires
four coefficients. In general, # qubits
demand 2" numbers, which rapidly be-
comes a sizable set for larger values of n.
For example, if n equals 50, about 101°
numbers are required to describe all the

probabilities for all the possible states
of the quantum machine—a number that
exceeds the capacity of the largest con-
ventional computer. A quantum com-
puter promises to be immensely power-
ful because it can be in multiple states at
once—a phenomenon called superposi-
tion—and because it can act on all its
possible states simultaneously. Thus, a
quantum computer could naturally per-
form myriad operations in parallel, us-
ing only a single processing unit.

Action at a Distance

QHDYI‘]EI' property of qubits is even

more bizarre—and useful. Imagine
a physical process that emits two pho-
tons (packets of light), one to the left and
the other to the right, with the two
photons having opposite orientations
(polarizations) for their oscillating elec-
trical fields. Until detected, the polariza-
tion of each of the photons is indeter-



