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Abstract. We propose a new approach in Nuclear Magnetic Resonance
(NMR) technology for quantum computing. Two basic elements for quantum computation are qubits and interaction. Traditionnally in NMR,
qubits are obtained by considering the spin states of certain atoms of a
speciﬁc molecule. The interaction that is necessary to create qubit gates
such as Control-NOT is then made possible by the spin-spin coupling
that exists in such a molecule. One of the drawbacks of this method is
the low scalability. More qubits usually means ﬁnding an entire diﬀerent
molecule to label the qubits.
We take a diﬀerent view on the NMR approach. We use a water tube
as quantum computer where qubits are deﬁned by the spins which have
the same frequency resonance in a small interval deﬁned by the NMR
linewidth. Two fundamental roadblocks have to be crossed before this
method can even be considered as a possible quantum computation technique: single qubits need to be identiﬁed and adressed and an interaction
between these qubits has to exist to create two-qubit gates.
We settle the ﬁrst of these problems by using a magnetic ﬁeld gradient applied in the main magnetic ﬁeld direction. The application of
a magnetic ﬁeld gradient during the RF pulse induces a rotation only
of those spins whose resonant frequency is equal to the bandwidth of
the RF pulse, therefore a qubit can be deﬁned by its resonant frequency
and manipulated by selective RF pulses. The main advantage of creating
qubits in this way is scalability. As qubits are no longer atoms of a speciﬁc molecule but segments of our water tube, increasing the number of
qubits would hypothetically just mean increasing the number of segments
by applying a stronger magnetic ﬁeld gradient. Another potential advantage can be obtained during the initialisation phase of the qubits. The
second roadblock, the problem of creating interaction between qubits, is
work in progress. As for now we are investigating the use of the dipoledipole interaction between the spins to generate a coupling between the
spins in order to create entanglements.

C.S. Calude et al. (Eds.): UC 2009, LNCS 5715, p. 287, 2009.
c Springer-Verlag Berlin Heidelberg 2009


