WS T Vol.35 No.4 2025

— 4 2 BB IR 2 B R %5 K T 90 BB B (R

WIER AR

CEEAREHEFZR, L 200433; "EE AF MM FEHESETFHENA R, LE  200433)

i E OAXEIF RS B4 E 4 ke, Fl A COMSOL Multiphysics 2 52 3L 7 4 — 4
TREFHFIRNTETRAANBEENAR BB IR FLRSRGENE T H £
EHEFEERMEXR . TR T BEETRANITHE A &%, L‘Lﬁixﬁ% R, T A
CSHTRANAN BN TELHEER MR B R 2 TG A EM T m, BRE
W ERBTRAT, EOHTEREREEBEEFE F%M{%%Eﬁ%faxaﬁmﬁz I+
BERETAZEGRE, X TARAETFHRE B E-TERBXA(WESGLEH S B
RENEARAE T UL A E R 2N TR TXE5EHREEN KT RK
b EHESBREN —R TR, AN RRERIN, R E W F 5,
HESEMTEEWNAZALETAMRL, R ¥ HILERRT SRETRAANH
FEAEE HRERIRNEBREETFTRAAY R THAHALEANSHRET HH
WA

X@BiE —SLAREZH ZRTFETRA;EOMEERREEIGEE-FERHEX R

NUMERICAL STUDY OF MULTI-PARTICLE SYSTEMS IN
A ONE-DIMENSIONAL INFINITE POTENTIAL WELL

XIE Weikai' YU Weichao’
& Department of Physics, Fudan University, Shanghai 200433
? Institute for Nanoelectronic Devices and Quantum Computing, Fudan University, Shanghai 200433)
Abstract This paper presents a numerical simulation study of a multi-particle quantum sys-
tem in a one-dimensional infinite potential well using COMSOL Multiphysics software by de-
veloping a parameterized dimension mapping strategy. By establishing a non-separable corre-
spondence between particle coordinates and the built-in spatial dimensions of the software, the
computational complexity of high-dimensional quantum systems is overcome. The analysis of
single-electron, two-electron, and three-electron systems reveals the impact of Coulomb inter-
actions on the wave function distribution and energy level structure. It is found that in the
two-electron system, Coulomb interaction concentrates the probability density of the wave
function in regions where the electrons are farther apart and significantly increases the total
energy of the system. For different numbers of electrons, the energy-width dependence rela-

tionship (the rule of how the ground state energy changes with the width of the potential well)
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can be divided into contributions from kinetic and potential energy. The former is inversely

proportional to the square of the potential well width, while the latter is inversely proportional

to the first power of the potential well width. By introducing effective power analysis, it is

discovered that as the number of electrons increases, the relationship between energy and po-

tential well width tends to be inversely proportional in a linear manner. This methodological

innovation significantly reduces the difficulty of teaching demonstrations of multi-body quan-

tum systems, and the research findings provide a new perspective for a deeper understanding

of the effects of electron interactions in low-dimensional quantum systems.

Key words one-dimensional infinite potential well; multi-electron quantum system; Coulomb

interaction; numerical simulation; energy-width dependence
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