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Abstract

This paper systematically discusses four methods for solving the one-dimensional wave equation,
including d’Alembert’s method, Fourier transform method, Laplace transform method, and Green’s
function method. It analyzes their applicability and physical significance in unbounded space.
Through step-by-step analysis of the solutions and the presentation of case study applications, this
paper aims to help students better understand the principles and application scenarios of different
methods, and enhance their ability to solve partial differential equations in different physical
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contexts. The teaching strategies proposed in this study aim to guide students in mastering the basic
principles, advantages, and disadvantages of multiple solution methods, and in selecting appropri-
ate methods for solving practical engineering and physical problems.
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Figure 1. Schematic diagram of the one-dimensional wave equation in unbounded space
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Table 1. Matlab codes for the numerical solution of the one-dimensional wave equation in unbounded space

F* 1. TARZEDH—YERTFHFIZHER Matlab XD

% BZH % IS A REIEIR

L =1000; for t = 1:time_steps

dx=0.5; % A R IEE W

dt=0.25; u_new(2:end-1) =2 * u(2:end-1) - u_old(2:end-1) + (c * dt
c=1.0; /dx)"2 * (u(3:end) - 2 * u(2:end-1) + u(1:end-2));

time_steps = 400;
% Wl kAT

% WA ZS (AR UG 2% A u_new(1) = 0;
x =-L/2:dx:L/2; u_new(end) = 0;
u=-exp(-0.01 * x."2);
u_new = zeros(size(u)); % FETT — A AE
u_old =u; u_old =u;
u=u new,
% Az EE B
figure; % FHEE
h = plot(x, u, 'b', 'LineWidth', 1.5); set(h, "YData', u);
xlim([-L/2, L/2]); drawnow;
ylim([-1, 1]);
xlabel(“fr E'); % 4 HTE NALSI
ylabel(‘PRIE"); frame = getframe(gcf);
writeVideo(v, frame);
% AT 5 end
v = VideoWriter('wave equation_simulation.avi');
v.FrameRate = 30; % SRS A
open(v); close(v);
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Table 2. Comparative analysis of four methods
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