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1. We will solve the initial value problem, 
   12 ,  0 1udu

x e u
dx

    to obtain  0.3u  using 0.3x   (i.e., 

we will march forward by just one x ) (15 pts) 

(1) Use Euler’s explicit method. 

(2) Use 3rd order Runge-Kutta method. [Hint:  1 2 3 3 1 2

1
4  where ( , 2 )

6 i ik k k k f x h y k h k h        ] 

(3) Compare both with the exact solution. 

 

2. Write the matrix equation to obtain a numerical solution of the following boundary value problem, 

     
2

2
15 8 0,  0 0.5 and 1 0.3

d u
x u u u

dx
      for  u x  over the interval 0 1x  . Use the 3-point 

central difference scheme to represent in the differential equation and 2-point forward finite difference 

scheme to represent in the first boundary condition. Choose 0.25h  . [Do NOT solve the equation.] (15 pts) 

 

3. Derive the relation forward in t  to solve the partial differential equation, 0.5 0.4
u u

u
t x

 
 

 
 defined on 

the semi-infinite domain, x     and 0 t   , with the boundary condition given at 0t   as 

 , 0 1 if 3.5 4u x x    and  , 0 0 otherwiseu x  .Use the 2-point forward difference scheme to discretize 

both  and u t u x    . Expect the solution  ,u x t  at 0.5,  1 and 2t   and plot these solutions (as a 

function of x ) along with the "initial" state,  , 0u x , over the interval of 0 5x  . [Do NOT solve the 

equation.] (15 pts) 

 

4. Find the general solution of the following PDE by the method of separation of variables: 
2

0
u

xyu
x y


 

 
. 

(15 pts) 

 

5. Answer the following questions about eco-vehicles. (2 pts each) 

(1) What are two representative technologies for eco-vehicles?  

(2) What are the advantage/disadvantage things of fuel cell electric vehicle?  

(3) Why does the Controller Area Network (CAN) apply to the vehicle control system 
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