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Question I: Obtain the general solution of the given equation: 

𝑢!! − 2𝑢!" − 3𝑢"" = 𝑒#!$%" + sin(2𝑥 + 𝑦) 
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Question II:  
(a) Solve the PDE  𝑥𝑦𝑢!" = 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Determine the condition under which the function 
𝑢(𝑥, 𝑦) = cos(𝑎𝑥 − 𝑏𝑦)𝑒('!()") 

is a harmonic. 
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Question III: Solve the Cauchy problem  𝑦𝑢!" + 2𝑢! = 𝑥#, 𝑦 ≠ 0,		in ℝ#, that satisfies: 

𝑢(𝑠, 2𝑠)|!" =
𝑠%

6 , 													𝑢,
(𝑠, 2𝑠)|!" = −

𝑠#

√5
 

where  	
	Γ- = {(𝑥, 𝑦)|𝑥 = 𝑠, 𝑦 = 2𝑠, 𝑠 ∈ ℝ∗},	and	𝑢, is a derivative of 𝑢 in the direction of Γ-.	
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Question IV: 
(a) Consider the series solution  

𝑢(𝑟, 𝜃) =
𝑎-
2 +GH

𝑟
𝒂J

,
/

,01

(𝑎, cos 𝑛𝜃 + 𝑏, sin 𝑛𝜃), 

for Dirichlet problem for circle of radius a, if the boundary condition is  
𝑢(𝒂, 𝜃) = sin 𝜃,			0 ≤ 𝜃 ≤ 2𝜋. Obtain 𝑢(𝑟, 𝜃)? 
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(b) Consider the Laplace equation in spherical coordinate 

𝑢22 +
2
𝑟 𝑢2 +

1
𝑟#𝑠𝑖𝑛#𝜙𝑢33 +

1
𝑟# 𝑢44 +

cot𝜙
𝑟# 𝑢4 = 0. 

If u is a symmetry around z axis, then the solution is given by  

𝑢(𝑟, 𝜃) = G(𝑎,𝑟, + 𝑏,𝑟(,(1)𝑃,(cos𝜙).
/

,0-

 

Find the solution at the boundary condition 
 𝑢(1, 𝜙) = 𝑓(𝜙), 0 ≤ 𝑟 < 1	𝑤ℎ𝑒𝑟𝑒 

𝑓(𝜙) = W
110		𝑖𝑓		0 ≤ 𝜙 <

𝜋
2
.

			0					𝑖𝑓					
𝜋
2 < 𝜙 ≤ 𝜋.

 

(Hint: ‖𝑃,‖# =
#

#,$1
,  𝑃-(𝑥) = 1, 𝑃1(𝑥) = 𝑥, 𝑃#(𝑥) =

1
#
(3𝑥# − 1), 𝑃%(𝑥) =

1
#
(5𝑥% − 3𝑥). ) 

 
. 
 

 
  



 

 7 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Good Luck 


