MATH 470.1 (Term 122)
Homework Exercises 2 (Sects. 2.6-2.7, 4.1-4.8) Due date: March 18, 2013

1. Consider the Cauchy problem for the PDE
with Cauchy data on the line I' given by y = 5z :

u(I,al‘) = BNz, (?1 ¢ V)‘U.l(.’l‘,‘, 53.’:) = —l—(:'_)uz(;r‘ 53;) — uy(:r1 53;)) = _...1_1-2_

V26 V26

’ is a normal vector perpendicular to I

5
Here n = 7\ 1
Use Cauchy data and the PDE to compute and write the Taylor expansion of the solution
around the origin up to second order.

2. Consider a 1-D wave equation on the entire spatial axis

Uy =Ny, —00<T<O00, t>0, (2)
with initial data < :
sin(rz) for —2<z <0,

w(z,0) =0, u(z,0)= { (3)

0 otherwise.

Write the solution of the Cauchy problem as a sum of forward and backward waves. Based
on the splitting, graph (qualitatively) the solution a times t = 0, ¢ = 1/6,t=1/3andt = 2/3.

3. Given the 1-D wave equation on the positive real axis
i
UII"ZUuIO, 0<I<OO, t>0, (4)
the initial data u(z,0) = zsin(rz), w(z,0) = z(1 - z), for x > 0, and the homogeneous
boundary condition u(0,t) = 0, evaluate the (piecewise defined) solution of the initial-
boundary value problem. Verify explicitly that your solution satisfies the initial and bound-
ary conditions, and that the function is continuous.

4. Evaluate the solution of the Cauchy problem for the inhomogeneous 1-D wave equation
on the entire spatial axis

Up = Uz + 328, —-00<zT <00, t>0, (5)

with initial data u(z,0) = 3sinz and w,(z,0) = z. Check explicitly that your function sat-
isfies the equation (5) and the initial conditions.

5. Apply the method of separation of variables to obtain a formal Fourier series solution of
the telegraph equation

ug + Ay + Bu = *u,,, forO<z <L, t>0, (6)
with boundary conditions
u(0,t) = u(L,t) =0 for t >0. u(z,0)=¢(z), w(z,0)=0for0<z< L, (7)
where A, B and c are positive constants with A?L? < 4(BL? + ¢*r2).
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