


Objectives

* Present a simple 1D Vibration problem, which is vibrations of an elastic
string
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1D Wave Equation Problem — Vibrations of an elastic string
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1D Wave Equation

Assumptions and conditions :

* Thin flexible string with negligible weight




1D Wave Equation

u(x, t); u - vertical displacement, c - wave propagation speed

X — spatial coordinate, t —time; 0 <=x<=L; t > 0;




1D Wave Equation — Solution By Separation of Variables Method

e Simplified Case : f(x) #0; g(x) =0;

* i.e., Initial Conditions: u(x,0) = f(x); u; (x,0) = 0;




1D Wave Equation — Solution By Separation of Variables Method

Particular Solution:

* u(x,0) = f(x) = cl*sin(c2 * mx) is in the form of Fourier sine series

¢ A, = ()f f(x)sm( )dx n=1,2,3..




1D Wave Equation — Solution By Separation of Variables Method

Particular Solution:
* Example:

e u(x,t) =cl *cos(c*c2*T=*t)sin(c2 * 1 * xX)




1D Wave Equation — Solution By D’Alembert’s Method

u(x,t) = )1 Ap,sin (?) COS (Cn:t) :

| Analytical solution obtained using Sep of Variables Method |

* Using the product rule, sin(A) cos(B) = G) (sin(A — B) + sin(A + B))




1D Wave Equation — Solution By D’Alembert’s Method

o U_(X, t) — (%) (c]_* sin(cZ * TT * (x — Ct)) + c1x sin(cZ * T * (x + Ct)))

e u(x t) = (%) (F(x —ct) + F(x + ct))



summary

In this video,

* We presented a 1D wave equation that describes the vibration of an elastic string

e \WWe solved the problem using 2 different analytical methoo



