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1. (30 pts) Consider the following initial value problem and answer the following: 

   
   

,   0 2 ,   0

,0 sin

0, 2 ,

t xu u x t

u x x

u t u t





   




 

(1) exact solution to this problem 

(2) 1n
jv   for three numerical methods (notations:  , ,  ,  ,  n

j j nv u x t k t h x k h      ) 

a. Leap Frog  b. Upwind  c. Lax-Wendroff 

(3) stable condition for all three schemes 

(4) order of accuracy of each method (refer to Table 1) 

 

 

2. (20 pts) Consider the heat equation or diffusion equation (parabolic PDE) t xxu u  and compare 

the following numerical methods: (1) explicit method (2) fully implicit method (3) Crank-Nicolson 

implicit method 

 

3. (25 pts) Consider solving large systems: 

(1) List direct elimination methods and describe their characteristics. 

(2) List iteration methods and describe their characteristics. 

 

4. (25 pts) The shortest curve connecting two points is a straight line. Suppose we cannot go in a 

straight line because of a constraint. When the constraint is  u x dx A , find the shortest curve 

 u x  between  0u a  and  1u b  that has area A below it. 


