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Abstract: Quantum computation is an emerging technology with im-
portant potential for solving certain problems pivotal in various scientific
and engineering disciplines. This paper introduces an efficient quantum
protocol for the explicit construction of the block-encoding for an im-
portant class of Hamiltonians. Using the Schrödingerisation technique
– which converts non-conservative PDEs into conservative ones – this
particular class of Hamiltonians is shown to be sufficient for simulat-
ing any linear partial differential equations that have coefficients which
are polynomial functions. The class of Hamiltonians consist of discreti-
sations of polynomial products and sums of position and momentum
operators. This construction is explicit and leverages minimal one- and
two-qubit operations. The explicit construction of this block-encoding
forms a fundamental building block for constructing the unitary evo-
lution operator for this Hamiltonian. The proposed algorithm exhibits
polynomial scaling with respect to the spatial partitioning size, suggest-
ing an exponential speedup over classical finite-difference methods. This
work provides an important foundation for building explicit and efficient
quantum circuits for solving partial differential equations.


