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MOTION OF A STRING VIBRATING AGAINST A RIGID FIXED OBSTACLE

We consider a string, fixed at both ends and moving in a plane in presence of a straight fixed obstacle placed on the equilibrium position of the string; the rebound of the string on the obstacle obeys the law of perfect reflection. The string being initially at rest in an arbitrary shape, we prove that the motion is periodic with the same period that the free oscillations.

  INTRODUCTION AND STATEMENT OF THE PROBLEM During the past few years several works have been devoted to the motion of strings vibrating in the presence of obstacles. Amerio and Prouse are the first to have considered the problem (l), followed by Schatzman (2), Citrini (3). Cabannes (4). (5). Haraux and Cabannes (6). In the present work, we consider the small oscillations of a vibrating string with fixed ends (0,O) and (1,O) in a plane with a normalized coordinate system Oxu. The free oscillations of the string are perturbed by the presence of a fixed straight obstacle on the equilibrium position ! 1). We denote by u(d) 'the ' odd"' ) function, periodic with period 2, equal to u,(x) for 0~x21. If there was no obstacle, the motion of the string would be the free oscillation: u = w, periodic function in time, with period 2: (5) w(x,t) = at+x -ut-x 2 MOTION IN THE PRESENCE OF THE OBSTACLE u = 0 To determine the motion of the string in the presence of the' straight obstacle placed on the equilibrium that, depending on the values of x and t, we have u = Iw] or u = -m. + v. For that purpose we will determine the valie; of the function u(x,t) in the square 0 all the points of PQ a e inside or'on the frontier of the domain (n) limited by the axis of abscissae and the curve (r) u = u (x) but with at least one point on the curve (r). 'At each segment PQ so defined corresponds one point M of the region'(2) and conversely. Three cases are possible: (a) the point Q is on the curve (ru(x,t) = w(x.t) in the sub-regions (2.a) u(x,t) =-w(x,t) in the sub-regions (2.b) u(x,t) = v(x,t) -mi in the sub-regions (2.~) As the uniqueness of the solution of the problem (l)-(4) has been proved by Amerio and Prouse (1). it is sufficient to verify that the function u(x.t) defined by the formulae (8) satisfies the conditions (1). (2), (3) and is equal to w along

where R is the interval t -x 2 A z t + x. The formula (9) can then be extended to all values of x and t. To do that extension we add to t + x and t -x a multiple (positive or negative, or zero) of 2, so that the result is in the interval 0.2; that means that we write