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Q.1(a) Check whether the given equation is self-adjoint. If not, write an equivalent self-adjoint 

form. 

𝑡ଷ
𝑑ଶ𝑥

𝑑𝑡ଶ
− (𝑡ଷ + 2𝑡ଶ − 𝑡)

𝑑𝑥

𝑑𝑡
+ (𝑡ଶ + 𝑡 − 1)𝑥 = 0 

 
Using Picard’s iteration method find the first two approximation of solution.  

𝑦ᇱ = 1 + 𝑦ଶ, 𝑦(0) = 0 
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Q.1(b) 𝑑ଶ𝑦

𝑑𝑥ଶ
+ λ𝑦 = 0, 𝑦(0) = 0, 𝑦(π) − 𝑦ᇱ(π) = 0 

Find the characteristic values and characteristic functions of the above Sturm-Liouville 
problem. Discuss all the cases. 
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Q.2(a) Solve the initial value problem 𝑦ᇱᇱᇱ − 2𝑦ᇱᇱ − 5𝑦ᇱ + 6𝑦 = 0, 𝑦(0) = 0, 𝑦ᇱ(0) = 0, 𝑦ᇱᇱ(0) = 1. 
 
Solve the given differential equation 

𝑑𝑦

𝑑𝑥
+ 𝑥 𝑠𝑖𝑛 2𝑦 = 𝑥ଷ 𝑐𝑜𝑠ଶ 𝑦 
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Q.2(b)  When 𝑀 𝑑𝑥 + 𝑁 𝑑𝑦 = 0 is said to be an exact differential equation?  
 
Is the following equation exact? If not, convert the equation into an exact form and then 
solve. 

(𝑥ଶ + 𝑦ଶ + 1)𝑑𝑥 + 𝑥(𝑥 − 2𝑦)𝑑𝑦 = 0. 
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Q.3(a) Find the solution and the fundamental matrix of the corresponding homogeneous system. 
Then find the solution of the nonhomogeneous system.  

𝑑𝑥

𝑑𝑡
= ቀ

3 1
4 3

ቁ 𝑥 + (−2 sint, 6 cost)் 
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Q.3(b) Write the general solution of the differential equation 

𝑥ଶ𝑦ᇱᇱ + 𝑥𝑦ᇱ + ൬𝑥ଶ −
9

16
൰ 𝑦 = 0 

 
Determine  

න ൫𝑃ଷ(𝑥)൯
ଶ

ଵ

ିଵ

+ 𝑃ଶ(𝑥) 𝑑𝑥, 

where 𝑃௡(𝑥) is the Legendre polynomial of degree n. 
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Q.4(a) Solve the following first-order differential equations, which are not of first degree. 
𝑥 = 4(𝑝 + 𝑝ଷ) 
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Q.4(b) 
𝑦 = 𝑝𝑥 + (1 + 𝑝 + 𝑝ଶ)

ଵ
ଷ 

Where 𝑝 =
ௗ௬

ௗ௫
. Write the special name of this kind of equations. 
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Q.5(a) Does the following function satisfy the Lipschitz condition on the rectangle [1,2] x [3,4]? 
Give a reason. 

𝑓(𝑥, 𝑦) =
𝑦ଶ

𝑥ଶ
 

 
Then, find the solution to the initial value problem  

𝑑𝑦

𝑑𝑥
= 𝑓(𝑥, 𝑦), 𝑦(1) = 1. 

Clearly mention the interval for the existence of the solution. 
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Q.5(b) Solve the differential equation using the method of undetermined coefficients.  
𝑦ᇱᇱᇱ + 4𝑦ᇱᇱ + 𝑦ᇱ − 6𝑦 = −18𝑥ଶ + 1 

 

[5] 2 3 
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