
 

1 a i)  Solve each of the following systems:   𝑨 𝑿𝟏 = 𝑩𝟏  and     𝑨 𝑿𝟐 = 𝑩𝟐 , where 

𝑨 =  
𝟔 𝟒 𝟑
𝟐𝟎 𝟏𝟓 𝟏𝟐
𝟏𝟓 𝟏𝟐 𝟏𝟎

 ,   𝑨−𝟏 =  −
𝟔 −𝟒 𝟑
𝟐𝟎 𝟏𝟓 −𝟏𝟐
𝟏𝟓 −𝟏𝟐 𝟏𝟎

 ,   𝑩𝟏 =  
𝟏𝟑
𝟒𝟕
𝟑𝟕

 , 𝑩𝟐 =  
𝟏𝟑. 𝟏
𝟒𝟔. 𝟗
𝟑𝟕. 𝟏

    

ii)  Comment on the results and compute the condition number of A. 

iii) Write a MATLAB commands to solve the system 𝑨 𝑿𝟐 = 𝑩𝟐  

 

 b Use the Newton's method to find the negative zero of the function: 

 𝒇 𝒙 = 𝒆𝒙 − 𝒕𝒂𝒏−𝟏𝒙 − 𝟏. 𝟓.  

i) Start at 𝒙𝟎 = −𝟏𝟐 to get the solution accurate to 6 decimal places,  

ii) write a MATLAB command to find this root. 

 

 c Carry out two iterations of Newton's method on the following system. Use starting 

values 𝒙𝟎 = −𝟏 𝒚𝟎 = 𝟒 . 

𝒙𝟐 − 𝒚𝟐 + 𝒆𝒙𝒄𝒐𝒔𝒚 = −𝟏
𝟐𝒙𝒚 + 𝒆𝒙𝒔𝒊𝒏𝒚 = 𝟎. 𝟎

 

 

2 a Given the system of linear differential equations   

𝒚𝟏
′ = 𝟑𝒚𝟏 + 𝒚𝟐 

  𝒚𝟐
′ = 𝟐𝒚𝟏 + 𝟐𝒚𝟐 

 Put the system in the matrix form 𝒚′ = 𝑨𝒚. Determine the eigenvalues and 

eigenvectors of 𝑨 then solve the system. 

 

 b Consider the spring-mass system as shown in the figure.  

Assume the two mass-displacements to be denoted by 𝒙𝟏, 𝒙𝟐 and let each spring has 

the same spring constant 𝒌 = 𝟐𝟎 and let 10 m , then: 

i) Applying equilibrium equations, write the equations of motion for free vibration.   

ii) Apply  sini ix A t to formulate the problem as an eigenvalue problem. 

iii) Write a  MATLAB program to  calculate  the  eigenvalues and  eigenvectors  of  

the  model. 
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3 a Given the initial value problem     𝒚′ =

𝒙

𝒚
,   𝒚 𝟎 = 𝟏 , 

 

i) Solve the problem by Runge Kutta method 𝐮𝐬𝐢𝐧𝐠 𝒉 = 𝟎. 𝟏  𝐟𝐫𝐨𝐦 𝒙 =  𝟎 𝒕𝒐 𝒙 = 𝟎. 𝟑.  

ii) Write a MATLAB code that uses h=0.05 to solve the problem 𝐟𝐫𝐨𝐦 𝒙 =  𝟎 𝒕𝒐 𝒙 = 𝟏𝟎.  

 

 b Solve  
𝒅𝒚

𝒅𝒙
= 𝒛,   

𝒅𝒛

𝒅𝒙
= 𝟔𝒚 − 𝒛 , 𝒚 𝟎 = 𝟑,  

𝒛 𝟎 = 𝟏, 𝒉 = 𝟎. 𝟓 𝐟𝐫𝐨𝐦 𝐱 = 𝟎 𝐭𝐨 𝐱 = 𝟏.  

 

 
 
 

4 

 
 
 

a 

 

 

Solve Poisson's equation    𝛁𝟐𝐮 = 𝟒𝐲 

on a thin plate of dimension 1.5×2 

units,  

𝐮 𝟎, 𝐲 = 𝟐𝟎𝐲 ,   

𝐮 𝟏. 𝟓, 𝐲 = 𝟐𝟎𝐲 ,  

𝐮 𝐱, 𝟎 = 𝟎 ,    

 𝐮 𝐱,𝟐 = 𝟑𝟎 + 𝟐𝟎𝐱(𝐱 − 𝟏. 𝟓),  

with 𝐡 = 𝐤 = 𝟎. 𝟓 

 

 

 

 

 

 

  
b 

 

Solve the wave equation of the vibrating string,  𝐮𝐭𝐭 = 𝐮𝐱𝐱    𝐢𝐟    𝟎 ≤ 𝐱 ≤ 𝟏  with 

  h = k = 0.2, starting from its equilibrium position  (𝒖 𝒙, 𝒕 = 𝒇 𝒙 = 𝟎), and with initial 

velocity 𝐮𝐭 𝐱,𝟎 = 𝐠 𝐱 =  𝐬𝐢𝐧𝛑𝐱 .  

Find its displacement at time t = 0.4 and  x = 0.2, 0.4, 0.6, 0.8 
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