
 

 

Answer on Question #58204 – Math – Differential Equations 
 

Question 
1. a) Solve the following ordinary differential equation: 
 
i) 1/x sin ydx + [(ln x)(cos y) + y)] dy = 0 
 

Solution 
𝑠𝑖𝑛𝑦

𝑥
𝑑𝑥 + (𝑙𝑛𝑥𝑐𝑜𝑠𝑦 + 𝑦)𝑑𝑦 = 0 

Let us split the left-hand side of equation into two parts 
 

(
𝑠𝑖𝑛𝑦

𝑥
𝑑𝑥 + 𝑙𝑛𝑥𝑐𝑜𝑠𝑦𝑑𝑦) + 𝑦𝑑𝑦 = 0 

In the first part  
𝑠𝑖𝑛𝑦

𝑥
𝑑𝑥 = 𝑠𝑖𝑛𝑦𝑑(𝑙𝑛𝑥) 

and  
𝑙𝑛𝑥𝑐𝑜𝑠𝑦𝑑𝑦 = 𝑙𝑛𝑥𝑑(𝑠𝑖𝑛𝑦) 

 

(
𝑠𝑖𝑛𝑦

𝑥
𝑑𝑥 + 𝑙𝑛𝑥𝑐𝑜𝑠𝑦𝑑𝑦) + 𝑦𝑑𝑦 = (𝑠𝑖𝑛𝑦 ∙ 𝑑(𝑙𝑛𝑥) + 𝑙𝑛𝑥 ∙ 𝑑(𝑠𝑖𝑛𝑦)) + 𝑦𝑑𝑦

= 𝑑(𝑠𝑖𝑛𝑦 ∙ 𝑙𝑛𝑥) + 𝑦𝑑𝑦 = 0 
 
We integrate the last expression and get 

𝒍𝒏𝒙 ∙ 𝒔𝒊𝒏𝒚 +
𝒚𝟐

𝟐
= 𝑪, 

where C is an arbitrary real constant. 
 

Answer:    𝒍𝒏𝒙 ∙ 𝒔𝒊𝒏𝒚 +
𝒚𝟐

𝟐
= 𝑪. 

 
Question 

1. a) Solve the following ordinary differential equation: 
ii) d^2 y / dx^2 + dy/dx - 12y = 4e^2x 
 

Solution 

𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥
− 12𝑦 = 4𝑒2𝑥 

Let us find a solution in the form of  
𝑦 = 𝑒𝜇𝑥 

First we solve the homogeneous equation 
𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥
− 12𝑦 = 0 

which has the characteristic equation 
𝜇2 + 𝜇 − 12 = 0 

Applying Vieta’s formula we get 𝜇 = 3  𝑜𝑟 𝜇 = −4. 
 
Solution to the homogeneous equation is 𝑦ℎ = 𝐶𝑒3𝑥 + 𝐷𝑒−4𝑥. 
Now, find a particular solution to non-homogeneous equation in the form of 

𝑦𝑝 = 𝛼𝑒2𝑥 

𝑑2𝑦𝑝

𝑑𝑥2
+

𝑑𝑦𝑝

𝑑𝑥
− 12𝑦𝑝 = 4𝑒2𝑥 



 

 

𝑑2

𝑑𝑥2
(𝛼𝑒2𝑥) +

𝑑

𝑑𝑥
(𝛼𝑒2𝑥) − 12(𝛼𝑒2𝑥) = 4𝑒2𝑥 

 
4𝛼𝑒2𝑥 + 2𝛼𝑒2𝑥 − 12𝑒2𝑥 = 4𝑒2𝑥 

4𝛼 + 2𝛼 − 12 = 4 → 6𝛼 = 16 → 𝛼 =
16

6
=

8

3
, 

hence  

𝑦𝑝 =
8

3
𝑒2𝑥 

 
and the general solution is 

𝑦 = 𝑦ℎ + 𝑦𝑝 = 𝐶𝑒3𝑥 + 𝐷𝑒−4𝑥 +
8

3
𝑒2𝑥 

Answer:   𝒚 = 𝑪𝒆𝟑𝒙 + 𝑫𝒆−𝟒𝒙 +
𝟖

𝟑
𝒆𝟐𝒙. 

 
 

Question 
b) Solve the initial value problem: 
 
d^2 y / dx^2 + 2(dy/dx) + 2y=0, y(0)=2, y'(0)=1  
 

Solution 
 

𝑑2𝑦

𝑑𝑥2
+ 2

𝑑𝑦

𝑑𝑥
+ 2𝑦 = 0 

 
𝑦(0) = 2 
𝑦′(0) = 1 

 
Let us find a solution in the form of  

𝑦 = 𝑒𝜇𝑥 
An homogeneous equation 

𝑑2𝑦

𝑑𝑥2
+ 2

𝑑𝑦

𝑑𝑥
+ 2𝑦 = 0 

has a characteristic equation 
𝜇2 + 2𝜇 + 2 = 0 

Applying Vieta’s formula we get 𝜇 = −1 + 𝑖 𝑜𝑟 𝜇 = −1 − 𝑖. 
 
Solution to homogeneous equation is 𝑦 = 𝐶𝑒−𝑥𝑠𝑖𝑛𝑥 + 𝐷𝑒−𝑥𝑐𝑜𝑠𝑥 
To meet the initial conditions  

𝑦(0) = 2, 
𝑦′(0) = 1, 

consider 
𝑦(0) = 2 = 𝐶𝑒−0𝑠𝑖𝑛0 + 𝐷𝑒−0𝑐𝑜𝑠0 = 0 + 𝐷 = 𝐷 → 𝐷 = 2 

𝑦′(0) = 1 = −𝐶𝑒−0𝑠𝑖𝑛0 + 𝐶𝑒−0𝑐𝑜𝑠0 + 𝐷𝑒−0𝑐𝑜𝑠0 − 𝐷𝑒−0𝑠𝑖𝑛0 = 0 + 𝐶 + 𝐷 = 𝐶 + 2 = 1
→ 𝐶 = −1 

Answer:  𝑦 = −𝑒−𝑥𝑠𝑖𝑛𝑥 + 2𝑒−𝑥𝑐𝑜𝑠𝑥. 
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