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(a) Controlled-U gate
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(b) Zero-controlled-U gate
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Fig.1 Controlled-U gate,zero-controlled-U gate,quantum multiplexer and simple circuit of quantum multiplexers
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Fig.3 Voxel grids for irregular domains
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Fig. 4 Quantum circuit for simulating G (AtK)
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vibration frequencies calculated by classical
and quantum algorithms
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Quantum simulation of Hamiltonian in solid mechanics
based on voxel representation

WU Feng, LI Chen, YANG Yu-xiang, ZHU Li, GUO Xu”~
(School of Mechanics and Aerospace Engineering,Dalian University of Technology.Dalian 116024)

Abstract: Quantum simulation has emerged as a crucial approach to overcoming the bottlenecks of
computational efficiency and storage capacity in large-scale mechanical calculations. However, the
effective decomposition of Hermitian matrices obtained after spatial discretization remains one of the key
challenges in the quantum simulation of mechanical problems. In this study, the solution domain is
discretized using voxel grids,and the structural properties of the resulting matrices (referred to as voxel
grid matrices) are thoroughly analyzed. An innovative KCQ decomposition method is proposed, which
integrates mathematical techniques such as circulant matrices, matrix direct products, direct sums, and
Pauli matrices. It enables the decomposition of voxel grid matrices into three sets of basic matrices,
namely k, ,c, »q,. Based on the KCQ decomposition,combined with technologies such as quantum Fourier
transform and quantum multiplexers, an efficient Hamiltonian quantum simulation algorithm for voxel
grid matrices is further constructed. The correctness and effectiveness of the proposed quantum
algorithm are verified through simulation experiments on the free vibration of two-dimensional
heterogeneous plates, providing a novel methodological support for the quantum simulation of solid

mechanics problems.

Key words: quantum algorithm;solid mechanics; voxel mesh grids;hamiltonian; quantum circuit



