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1. Please solve the following differential equations: {5 points for each one) 

A. y"-5y'+4y = cos 2 
X B. y"' + y" =ex cosx 

c. y"+4y'+5y = o(t- 27i) with y(O) = O,y'(O) = 0 

2. For two concentric spheres of radius r=a and r=b, a<b, the temperature u(r) in the region between the spheres is 

d 2u du 
determined from the boundary-value problem r-

2 
+ 2- = 0, u(a) = u0 , u(b) = u1 , where u0 and U1 are 

dr dr 
constants. Please solve for u(r). {10 points) 

3. The input flow rate and concentration into a CSTR are Q and Co, respectively and those of output are Q and C. If the 

volume of the CSTR is V, please compute the concentration as a function of time if the initial concentration in the CSTR 

is zero and the chemical reaction is of second order decay. {10 points) 

4. For the first-order differential equation dy = f(x, y), please derive the truncation errors for the fourth order 
dx 

Runge-Kutta method used in a single step and multiple steps.{15 points) 

a2u a2u 
5. For the Laplace's equation -

2 
+ -

2 
= 0, please find the solutions for the following conditions. (15 points for each ax ay 

one) 

{

u(O,y) = 1, ~~ u(x,y) = 0, 0 < y <I 

A. au au - = 0,- = -u(x,I), x > 0 
ay y=O ay y=l 

{ 

u(O,y)=O, u(I,y)=O, O<y<I 

B au 
· - = u(x,O), u(x,l) = 1, 0 < x < 1 

ay y=O 

ar a2T 
6. The Dufort-Frankel method for the partial differential equation at = 8x2 is 

r ..... ~ _ r.•l r. .. _ cr.•+ I + r.•-1 ) + r. " 
1 1 = t+l ' 

2 
1 

I-I , (A) please derive the truncation error; (B) please derive the conditions 
2~t ~ 

for consistency. {20 points) 


