
Answer on Question #70742 – Math – Differential Equations 

Question 

 

1. a) Solve the following ordinary differential equations: 

 

i) dy/dx + 4xy = x 

ii) d²y/dx² + 4dy/dx - 12y = cos2x .  

 

 

 

                                                                                        Solution 

 

i) 

𝑦′ + 4𝑥𝑦 = 𝑥 

𝑦′ = 𝑥(1 − 4𝑦) 
𝑑𝑦

1 − 4𝑦
= 𝑥𝑑𝑥 

∫
𝑑𝑦

1 − 4𝑦
= ∫ 𝑥𝑑𝑥 

−
1

4
ln(1 − 4𝑦) = 

𝑥2

2
+ 𝐶1  

ln(1 − 4𝑦) = −2𝑥2 − 4𝐶1 

1 − 4𝑦 = 𝐶2𝑒−2𝑥2
 

𝑦(𝑥) = 𝐶𝑒−2𝑥2
+

1

4
, 

where  𝐶1, 𝐶2, 𝐶 are real constants. 

 

ii) 

𝑦′′ + 4𝑦′ − 12𝑦 = 𝑐𝑜𝑠2𝑥 

First, solve homogeneous equation: 

 𝑦′′ + 4𝑦′ − 12𝑦 = 0 

𝜆2 + 4𝜆 − 12 = 0 →  𝜆1 = −6, 𝜆1 = 2  

 

Thus, the general solution of the homogeneous equation  is 

 𝑦ℎ𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑜𝑢𝑠 = 𝐶1𝑒−6𝑥 + 𝐶2𝑒2𝑥, 



where 𝐶1, 𝐶2 are arbitrary real constants. 

Now, let’s find any solution for non-homogeneous equation in the form 

𝑦̃ = 𝐴𝑐𝑜𝑠2𝑥 + 𝐵𝑠𝑖𝑛2𝑥 

If we substitute it in equation, we shall get 

−4𝐴𝑐𝑜𝑠2𝑥 − 4𝐵𝑠𝑖𝑛2𝑥 − 8𝐴𝑠𝑖𝑛2𝑥 + 8𝐵𝑐𝑜𝑠2𝑥 − 12𝐴𝑐𝑜𝑠2𝑥 − 12𝐵𝑠𝑖𝑛2𝑥 = 𝑐𝑜𝑠2𝑥 

As 𝑐𝑜𝑠2𝑥 and 𝑠𝑖𝑛2𝑥 are linearly independent, 

−4𝐴 + 8𝐵 − 12𝐴 = 1 

−4𝐵 − 8𝐴 − 12𝐵 = 0 

Solving this system 

𝐴 = −
1

20
, 𝐵 =

1

40
 

Thus, the general solution of the non-homogeneous equation is 

 𝑦(𝑥) = 𝑦ℎ𝑜𝑚𝑜𝑔𝑒𝑚𝑒𝑜𝑢𝑠 + 𝑦̃ = 𝐶1𝑒−6𝑥 + 𝐶2𝑒2𝑥 −
1

20
𝑐𝑜𝑠2𝑥 +

1

40
𝑠𝑖𝑛2𝑥 

Answer: i) 𝑦(𝑥) = 𝐶𝑒−2𝑥2
+

1

4
 ;   ii) 𝑦(𝑥) = 𝐶1𝑒−6𝑥 + 𝐶2𝑒2𝑥 −

1

20
𝑐𝑜𝑠2𝑥 +

1

40
𝑠𝑖𝑛2𝑥. 
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