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System of First Order and Higher Order Ordinary Differential Equations 

 
1. Use the Euler method to solve 
𝑑𝑦

𝑑𝑥
= −2𝑦 + 5𝑒−𝑥  

𝑑𝑧

𝑑𝑥
= −

𝑦𝑧2

2
 

over the range x = 0 to 1 using a step size of 0.5 with y(0) = 2 and z(0)=4. 

 

2- Solve the following 2
nd

 order differential equation by Euler method.   

𝐿
𝑑2𝑞

𝑑𝑡2
+  𝑅 

𝑑𝑞

𝑑𝑡
 +

𝑞

𝐶
= 5  ,   q(0)  =  0 and 

dq

dt
 (0)  =  0 

where L=1, C= 0.25, R= 0.5 for t = 0 to 0.2 with a step of  0.1 

 

3. Solve the following 2
nd

 order differential equation by Euler method.  . 

 

𝑑2𝑥

𝑑𝑡2
+  5𝑥 

𝑑𝑥

𝑑𝑡
 + 𝑡 𝑥 + 7 = 0   

𝑤ℎ𝑒𝑟𝑒   x(0)  =  6 and 
dx

dt
 (0)  =  1.5 

Find y(1) consider ∆t=0.5   

 

4. Using midpoint method solve the following initial-value problems for the system of first-

order ordinary differential equations for 0 ≤ x ≤ 1 and h=0.5 
𝑑𝑦1

𝑑𝑥
 =  2𝑥 −  3𝑦1,   y1 0 =  −1   

 
𝑑𝑦2

𝑑𝑥
 =  3𝑦2 +  2𝑥 ,  y2(0) = −2   

 

5- Using midpoint method solve the following initial-value problems for the second-order 

ordinary differential equation 

 
𝑑2𝑦

𝑑𝑥2
=  𝑥 

𝑑𝑦

𝑑𝑥
 +  𝑦2 , y(0)  =  1,

𝑑𝑦

𝑑𝑥
(0)  =  2,  

use step size of 0.1 to find y(0.2).  

 

6. Using midpoint method solve the following initial-value problems for the second-order 

ordinary differential equations for 0 ≤ x ≤ 1, h = 0.5,  y(0) = 0.5 and y’(0) = −0.5. by 

reducing the equations to a system of first-order ordinary differential equations 
𝑑2𝑦

𝑑𝑥2
 =  3

𝑑𝑦

𝑑𝑥
 +  𝑦 −  𝑥 −  1, 

  

 انسؤال الاول وانشابع محهىنين حم نمىرجً -1

 انسؤال انثانً وانخامس سيتم ششحهم فً انسكشن -2

 انسؤال انثانث وانسادس سيحههم انطانب ويقذمهم فً تقشيش منظم فً انمىعذ انزي سيحذده انمعيذ -3

فً حانة تقذيم انتقشيش بعذ انمىعذ انمحذد فهن يقبم منو مهما كانت الاعزاس ونن تىضع نو دسجة  -4



1 − 𝐺𝑖𝑣𝑒𝑛 

𝐿𝑒𝑡 𝑦1 = 𝑦 𝑎𝑛𝑑 𝑦2 = 𝑧, 𝑡ℎ𝑒𝑛 
𝑓1 𝑥, 𝑦1 , 𝑦2 =   −2𝑦1 + 5𝑒−𝑥  

𝑓2 𝑥, 𝑦1 , 𝑦2 =  −
𝑦1𝑦2

2

2
 

𝑥 0 =  0 
𝑦1 0 =  2 
𝑦2 0 =  4 
𝑥𝑓 =  1 

ℎ =  0.5 
 

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 
 

𝑦1 1 , 𝑦2 1  
𝑥 1 = 𝑥 0 + ℎ = 0 + 0.5 = 0.5 

𝑦1 1 = 𝑦1 0 + ℎ𝑓1 𝑥 0 , 𝑦1 0 , 𝑦2 0  = 2 + 0.5 ∗ 𝑓1 0, 2, 4 = 2.5 

𝑦2 1 = 𝑦2 0 + ℎ𝑓2 𝑥 0 , 𝑦1 0 , 𝑦2 0  = 4 + 0.5 ∗ 𝑓2 0, 2, 4 = −4 

 
𝑦1 2 , 𝑦2 2  
𝑥 2 = 𝑥 1 + ℎ = 0.5 + 0.5 = 1 
𝑦1 2 = 𝑦1 1 + ℎ𝑓1 𝑥 1 , 𝑦1 1 , 𝑦2 1  = 2.5 + 0.5 ∗ 𝑓1 0.5, 2.5, −4 = 1.516 

𝑦2 2 = 𝑦2 1 + ℎ𝑓2 𝑥 1 , 𝑦1 1 , 𝑦2 1  = −4 + 0.5 ∗ 𝑓2 0.5, 2.500, −4 = −14 
  

i x 𝑦1 𝑖  𝑦2 𝑖  

0 0 2 4 

1 0.5 2.5 -4 

2 1 1.516 -14 

 

  



4- 
𝑑2𝑦

𝑑𝑥2
=  𝑥 

𝑑𝑦

𝑑𝑥
 +  𝑦2 ,             y(0)  =  1,

𝑑𝑦

𝑑𝑥
(0)  =  2,  

Rearrange equation  

𝑑2𝑦

𝑑𝑥2
−  𝑥 

𝑑𝑦

𝑑𝑥
−  𝑦2 = 0 

Solution 

𝑛 = 2 

𝑎0 𝑥, 𝑦1 = − 𝑦1
2 

𝑎1 𝑥, 𝑦1 = − 𝑥  
𝑎2 𝑥, 𝑦1 = 1 
𝑑𝑦𝑘  

𝑑𝑥
= 𝑦𝑘+1   𝑤ℎ𝑒𝑟𝑒 𝑘 = 1 𝑡𝑜 2 − 1 

𝑑𝑦1

 𝑑𝑥
= 𝑦2    𝑦1(0) = 1 

𝑑𝑦2

𝑑𝑥
= −

1

𝑎2 𝑥, 𝑦1 
  𝑎0 𝑥, 𝑦1 + 𝑎1 𝑥, 𝑦1 𝑦2  

𝑑𝑦2

𝑑𝑥
= −

1

1
 − 𝑦1

2 − 𝑥𝑦2 =  𝑦1
2 + 𝑥𝑦2 , 𝑦2 0 = 2 

𝐺𝑖𝑣𝑒𝑛 
𝑓1 𝑥, 𝑦1 , 𝑦2 =  𝑦2 − 𝑦1  
𝑓2 𝑥, 𝑦1 , 𝑦2 =  𝑦1 − 𝑦2  
𝑥 0 =  0 
𝑦1 0 =  1 
𝑦2 0 =  2 
𝑥𝑓 =  0.2 

ℎ =  0.1 
 

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 
 

𝑦1 1 , 𝑦2 1  
𝑥 1 = 𝑥 0 + ℎ = 0 + 0.1 = 0.1 

𝑥 𝑚 = 𝑥 0 +
ℎ

2
= 0 +

0.1

2
= 0.05 

𝑦1 𝑚 = 𝑦1 0 +
ℎ

2
𝑓1 𝑥 0 , 𝑦1 0 , 𝑦2 0  = 1 +

0.1

2
𝑓1 0, 1, 2 = 1.1 

𝑦2 𝑚 = 𝑦2 0 +
ℎ

2
𝑓2 𝑥 0 , 𝑦1 0 , 𝑦2 0  = 2 +

0.1

2
𝑓2 0, 1, 2 = 2.05 

𝑦1 1 = 𝑦1 0 + ℎ𝑓1 𝑥 𝑚 , 𝑦1 𝑚 , 𝑦2 𝑚  = 1 + 0.1 𝑓1 0.05, 1.100, 2.050 = 1.205 

𝑦2 1 = 𝑦2 0 + ℎ𝑓2 𝑥 𝑚 , 𝑦1 𝑚 , 𝑦2 𝑚  = 2 + 0.1 𝑓2 0.05, 1.100, 2.050 = 2.131 

 
𝑦1 2 , 𝑦2 2  
𝑥 2 = 𝑥 1 + ℎ = 0.1 + 0.1 = 0.2 

𝑥 𝑚 = 𝑥 1 +
ℎ

2
= 0.1 +

0.1

2
= 0.15 

𝑦1 𝑚 = 𝑦1 1 +
ℎ

2
𝑓1 𝑥 1 , 𝑦1 1 , 𝑦2 1  = 1.205 +

0.1

2
𝑓1 0.1, 1.205,2.131 = 1.312 



𝑦2 𝑚 = 𝑦2 1 +
ℎ

2
𝑓2 𝑥 1 , 𝑦1 1 , 𝑦2 1  = 2.131 +

0.1

2
𝑓2 0.1, 1.205,2.131 = 2.215 

𝑦1 2 = 𝑦1 1 + ℎ𝑓1 𝑥 𝑚 , 𝑦1 𝑚 , 𝑦2 𝑚  = 1.205 + 0.1 𝑓1 0.15, 1.312, 2.215 = 1.426 

𝑦2 2 = 𝑦2 1 + ℎ𝑓2 𝑥 𝑚 , 𝑦1 𝑚 , 𝑦2 𝑚  = 2.131 + 0.1 𝑓2 0.15, 1.312, 2.215 = 2.336 
 

i x y dy/dx 

0 0 1 2 

1 0.1 1.205 2.131 

2 0.2 1.426 2.336 

 

 


