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Answer the following questions (18 Marks for each) 

Question no. 1 (18 Marks ,6 Marks each) 
 
1. Define Strong relative minimum for the functional?  

2. Consider [𝒚(𝒙)] = ∫ (𝒙 𝒚𝟐 + 𝒚′𝟑)
𝟏

𝟎
𝒅𝒙 . Obtain  𝛿 𝑰 , and  𝛿𝟐𝑰. 

3. Find the equation of the curve between the two points (0,0) , (2𝜋, 0) and makes 

the following  functional has extreme points.  

𝑰 = ∫ √
𝟏 + 𝒚′𝟐

𝒚

𝟐

𝟏

𝒅𝒙 

Question no. 2 (18  Marks, 9 each ) 

1. Prove that Euler-Lagrange equation satisfied if and only if  its solution is a 

linear function in y'. 

2. Discuss the functional 𝒕[𝒚(𝒙)] = ∫
𝟏

𝒙
√𝟏 + 𝒚′𝟐𝑥1

𝑥0
𝒅𝒙  , which represents the 

time taken to move from (𝑥0,𝑦0) to (𝑥1, 𝑦1) on the curve 𝑦(𝑥).  

Question no. 3 (18 Marks, 9 each ) 

1. Consider  𝐼 = ∫ ∫ 𝐹(𝑥,  𝑦, 𝑧,  𝑧𝑥 ,  𝑧𝑦  )𝑑𝑥
𝐴

𝑑𝑦 , where 𝐴 is the area determined 

by the curve C .Obtain Euler-Lagrange equation for double Integration to 

determine the plane 𝑍 = 𝑧(𝑥, 𝑦) which makes this integration extreme.  

2. Obtain the extreme functions for the Integration: 

𝐼[𝑦, 𝑧] = ∫ (𝑦′2 + 2𝑦𝑧 − 𝑧′2
− 2𝑦2)𝑑𝑥

𝜋

0

 

Which satisfy the Boundary conditions  𝑦(0) = 0,  𝑦(𝜋) = 1,  𝑧(0) = 0,   

                                                                                                   𝑧(𝜋) = −1 

▬►Please see the 2
nd

 paper of the exam. 

 

 

 

 



 

 

Question no. 4 (18 Marks, 9 each ) 

1. What are the available two approaches to solve the conditional Extremum 
problem? 

2. Find the curve 𝑦 = 𝑦(𝑥) which satisfies 𝑦(𝑎) = 𝑦(−𝑎) = 0 and has a length 

𝑙 > 2𝑎 and surround the segment −𝑎 ≤ 𝑥 ≤ 𝑎 to give the maximum area. 

Question no. 5 (18 Marks, 9 each ) 

1. Specify the functional field of the following functional: 

𝐼[𝑦] = ∫ (𝑦′3
+ 𝑠𝑖𝑛2𝑥)𝑑𝑥

2

0

 

Where 𝑦(0) = 1,  𝑦(2) = 4 

2. Study if Jacobi’s condition satisfies for the extreme curve of the following 

functional : 

𝐼[𝑦] = ∫ (𝑦′2
+ 𝑦2 + 𝑥2)

𝑎

0

𝑑𝑥 

and passes by the points 𝐴(0,0) , 𝐵(𝑎, 0). 

ق توفي بال منيات  ت ال ب   مع أطي
Prof. Dr. Ahmed M.K. Tarabia 

Head of Mathematics Department. 
 

 

 

 

 

 

 

 

 


