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1. (Problem 2.5.23 in Evans) Let S denote the square lying in R � .0;1/ with corners at the
points .0; 1/, .1; 2/, .0; 3/, .�1; 2/. Define

f .x; t/ WD

8̂<̂
:
�1 for .x; t/ 2 S \ ft > x C 2g

1 for .x; t/ 2 S \ ft ⩽ x C 2g

0 otherwise:

Assume that u solves (
ut t D uxx C f in R � .0;1/

u D 0; ut D 0 on R � ft D 0g:

Describe the shape of u for all .x; t/ 2 R� .0;1/. Draw the graph of x 7! u.x; t/ for t > 3.

2. Use the method of characteristics to solve the following problems. In the problems where the
domain U is not given, you can choose a domain U such that � � @U and which is such that
you can uniquely determine the solution in U .

(a) (Problem 3.5(a) in Evans) (
x1ux1

C x2ux2
D 2u;

u.x1; 1/ D g.x1/

(b) (
ut C .1 � t /uy D �u for y 2 R; t > 0

u.y; 0/ D g.y/ for y 2 R

(c) (
ut C auy D 0 for y 2 R; t > 0

u.y; 0/ D g.y/ for y 2 R

where aWR! R is the function

a.y/ D

8̂<̂
:

0 for y < 0

y for 0 ⩽ y ⩽ 1

1 for 1 < y:

(d) (Problem 3.5(b) in Evans) (
x1ux1

C 2x2ux2
C ux3

D 3u;

u.x1; x2; 0/ D g.x1; x2/

1



(e) (Problem 3.5(c) in Evans) (
uux1

C ux2
D 1;

u.x1; x1/ D 1
2
x1

2


