
Question 1) [33 Points] Obtain the finite difference equations in the matrix form for the following 

differential equation from x=0.0 to 0.8 for n=5:    

𝑑2𝑦

𝑑𝑥2
= −

𝑑𝑦

𝑑𝑥
+ 5𝑦 

where y’(0.0) = 1 and y(0.8) = 5  . 

Solution 1)  h=(0.8-0)/(n-1)= (0.8)/4 = 0.2 

From the table:   yi ' = [ 1/(2h) ] ( yi+1 - yi-1 )    and   yi '' = ( 1/h2 ) ( yi-1 - 2yi + yi+1 ) 

 

yi’’= −yi' + 5 yi 

( 1/h2 ) ( yi-1 - 2yi + yi+1 ) = - [1/(2h)] ( yi+1 - yi-1 ) + 5 yi  

 

 yi-1 - 2yi + yi+1  = - (h/2) ( yi+1 - yi-1 ) + 5 h2 yi 

(1 - h/2) yi-1 - (2 + 5 h2) yi + (1+h/2) yi+1 = 0 

[1 - (0.2)/2] yi-1 - [2 + 5 (0.2)2] yi  + [1 + (0.2)/2] yi+1 = 0 

0.9 yi-1 - 2.2 yi  + 1.1 yi+1 = 0     i=1 to 4 

 

i=1:  0.9 y0 - 2.2 y1  + 1.1 y2 = 0 

y’1 = 1   →    y’1 = (y2 - y0 )/ (2h)= (y2 - y0) / 0.4 = 1   →   y0 = y2 - 0.4  

 0.9 (y2 - 0.4) - 2.2 y1 + 1.1 y2 = 0 

-2.2 y1 + 2 y2 = 0.36 

i=2:  0.9 y1 - 2.2 y2 + 1.1 y3 = 0 

i=3:  0.9 y2 - 2.2 y3 + 1.1 y4 = 0 

i=4:  0.9 y3 - 2.2 y4 + 1.1 y5 = 0 

i=5:  y5 = 5 

In the matrix form: 

[
 
 
 
 
−2.2 2 0
0.9 −2.2 1.1
0 0.9 −2.2

0 0
0 0

1.1      0      
   0       0   0.9
0 0 0

−2.2 1.1
0 1 ]

 
 
 
 

[
 
 
 
 
𝑦1

𝑦2

𝑦3
𝑦4

𝑦5]
 
 
 
 

=

[
 
 
 
 
0.36
0
0
0
5 ]
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Question 2) [33 Points]  Solve the simultaneous equation system below by using Gauss 
Elimination Method with all details (clearly showing forward and backward calculations).   

(𝟑 𝑨) 𝒙𝟏 + (𝟔 𝑨) 𝒙𝟐 + (𝟏𝟓 𝑨) 𝒙𝟑 − (𝟏𝟓𝟎 𝑨) = 𝟎
(−𝑩 − 𝟏) 𝒙𝟏 + (−𝟑 𝑩 − 𝟑) 𝒙𝟐 + (𝟐 𝑩 + 𝟐) 𝒙𝟑 − (𝟑 𝑩 + 𝟑) = 𝟎
(𝑫 + 𝟏) 𝒙𝟏 + (−𝑫 − 𝟏) 𝒙𝟐 + (𝑪 + 𝟏) 𝒙𝟑 − (𝟖 𝑪 + 𝑫 + 𝟗) = 𝟎

 

where AB and CD are the first 2 and last 2 digits of your school number, respectively. 

Attention:  Please pay your maximum attention when preparing your customized simultaneous 

equation set according to your school number:  A B # # # # C D.  No Small Street Market Calculation. 

Solution 2)  As one example: 
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Question 3) [34 Points] A car has a variable speed (in meter/seconds) with respect to time t 

(seconds) as     𝒗(𝒕) = 𝟐 + 𝟐𝟓 𝒕 − 𝟑𝒕𝟐   .  By using Golden Bracketing method, numerically 

calculate the maximum speed of this car. In your solution, apply the followings: 

- Write the function to optimize and also add a constraint function considering a positive t value.  

Assume λ=1. 

- Search the optimum time t between 3 and 4 seconds.   

- Stop telescoping when the bracketing width is less then ε=0.3 . 

- Use the Golden Ratio R=0.618. 

- Work with at least 3 decimal points. 

Solution 3)  Prepare the function to do optimization: 

To convert the problem from maximization to minimization, we negate the given function v(t).  We 
also add the constraint function [min (0, 𝑡)]2 to ensure positive t values. 

𝑓(𝑡) = −2 − 25 𝑡 + 3 𝑡2 + [min (0, 𝑡]2 

and numerically minimize it by using Golden Bracketing method as: 

i ai bi h x1=bi-Rxh x2=ai+Rxh f(x1) f(x2) 
Stop if h<ε 

0 3.000 4.000 1.000 3.382 3.618 -52.236 -53.180  

1 3.382 4.000 0.618 3.618 3.764 -53.180 -53.597  

2 3.618 4.000 0.382 3.764 3.854 -53.597 -53.790  

3 3.764 4.000 0.236 3.854 3.910 -53.790 -53.885 YES 

 

𝒕𝒎𝒂𝒙 =
𝟑. 𝟕𝟔𝟒 + 𝟒. 𝟎𝟎𝟎

𝟐
= 𝟑. 𝟖𝟖𝟐 𝒔                 𝒗𝒎𝒂𝒙 = 𝟓𝟑. 𝟖𝟒𝟎 𝒎/𝒔 
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