ME599: Comp. methods in dyn. of continua HW1: PDE types / solutions (250 pts) Due: 02/10/2016

1. (20 Points) Classify the following PDEs as linear (L), semi-linear (SL), quasi-linear (QL), and
fully-nonlinear (FN),

(a) ug + 2%uy =0

(b) wt + Uggy + vty =0

(¢) ur+a(u)uy =0
)

2 2 _
uz +uy =1

: Vu —
(e) div (W) 0
2. (60 Points) (a) Verify that the equation,
Btgy + Ty + 2uyy =0 (1)

is hyperbolic for all  and y, (b) find the new characteristic coordinates 7, &, and (c) express the
PDE in the canonical form (find @),

Uﬁr] = @(57777“711’57”7]) (2)

3. (10 Points) Determine the type of Tricomi PDE based on the coordinate values (x,y) in terms
of being hyperbolic, parabolic, and elliptic,

9%u 9%u

@—i—ya—y?:O (3)

4. (20 Points) Determine the type (hyperbolic, parabolic, or elliptic) of the following constant-
coefficient PDE,
Uy + 2Ugy — 3Uy; + Su,, =0 (4)

5. (60 Points) Consider the initial value problem for the equation,
up + auy = f(z,t) (5)

with «(0,z) = 0 and
1 z>0
0 otherwise

o) = {

Assume that a is positive. Show that the solution is given by,

0 =<0
u(z,t)=¢ 2 x>0andz—at <0 (7)
t z>0andz—at>0

6. (80 Points) Find a solution to the initial-value problem.

B ] e "
{Zléi 85] - [iiﬂ (8b)

Note: You need to express ui(z,t), and ug(x,t). For example, uj(x,t) = %sin(m —5t) +---. Do

not turn the system to a second order PDE. Solve it as a system of first order PDEs by deriving
characteristics w1, we, and finally expression the solution in terms of (x,t).
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