
Math 462 - Partial Di�erential Equations for S
ientists andEngineersSpring Term 2005Instru
tor: Georg DolzmannHomework set #7Problem 1: [Strauss, Problem 2.1.1℄Solve the wave equation on the whole line, utt = 
2uxx, with initial 
onditionsu(x; 0) = ex and ut(x; 0) = sinx.Problem 2: [Strauss, Problem 2.1.3℄The midpoint of a piano string of tension T , density �, and length ` is hit by ahammer whose head diameter is 2a. A 
ea is sitting at a distan
e `=4 from oneend (assume that a < `=4; otherwise, poor 
ea!). How long does it take for thedisturban
e to rea
h the 
ea?Problem 3: [Strauss, Problem 2.1.5℄(The hammer blow.) Let �(x) = 0 and 	(x) = 1 for jxj < a and 	(x) = 0 forjxj � a. Sket
h the string pro�le (u versus x) at ea
h of the su

essive instantst = a=2
, a=
, 3a=2
, 2a=
, and 5a=
.Hint: Cal
ulateu(x; t) = 12��(x� 
t) + �(x+ 
t)�+ 12
 Z x+xtx�
t 	(y) dy= 12
 �length of (x � 
t; x+ 
t) \ (�a; a)�:Then u(x; a=2
) = 12
 �length of (x� a=2; x+ a=2) \ (�a; a)�:This takes on di�erent values for jxj < a=2, for a=2 < x < 3a=2, and for x > 3a=2.Continue in this manner for ea
h 
ase.Problem 4: [Strauss, Problem 2.1.6℄In Problem 3, �nd the greatest displa
ement, maxx u(x; t) as a fun
tion of t.Problem 5: [Cooper, Problem 5.5.1℄ Solve the IBVPutt � 
2uxx = 0 in 0 < x < L; t 2 R;subje
t to the boundary 
onditionsu(0; t) = u(L; t) = 0 for t 2 R;



2and the initial 
onditionsu(x; 0) = f(x) = 7 sin(2�x=L)� 2 sin(5�x=L)ux(x; 0) = g(x) = �4 sin(3�x=L)for 0 < x < L. Think!! You will not need the full expansion of the solution. Whatfrequen
ies are present in the solution? What is the period of the motion?Problem 6: [Cooper, Problem 5.5.2℄ Solve the IBVPutt � 
2uxx = 0 in 0 < x < L; t 2 R;with homogeneous Neumann boundary 
onditions ux(0; t) = ux(L; t) = 0. Take�(x) = 0 and 	(x) = x.


