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Instructions: Attempt all questions from Section A, Section B and Section C.  There are internal choices in 

Questions 9 and 10. Use of a scientific calculator is permitted. 

SECTION A  

(5Qx4M=20Marks) 

S. No.  Marks CO 

Q 1 The Poisson equation 
𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2 = −1 defined in domain D where 𝐷 =

{(𝑥, 𝑦); −1 ≤ 𝑥 ≤ 1, −1 ≤ 𝑦 ≤ 1} and homogeneous Dirichlet 

boundary conditions are prescribed on the boundary. Find two basis 

functions.  

4 CO5 

Q 2 Consider the differential equation −
𝑑2𝑢

𝑑𝑥2 − 𝑢 + 𝑥2 = 0 with the boundary 

conditions 𝑢(0) = 0  and 𝑢(1) = 0. The bilinear form and linear 

functional associated with this problem are: 

𝐵(𝑤, 𝑢) = ∫ (
𝑑𝑤

𝑑𝑥

𝑑𝑢

𝑑𝑥
− 𝑤𝑢) 𝑑𝑥

1

0
,  𝑙(𝑤) = − ∫ 𝑤𝑥2𝑑𝑥

1

0
, where 𝑤 is the 

weight function. Obtain the quadratic functional 𝐽(𝑢).  

4 CO4 

Q 3 Derive the first order approximation from Lagrange’s interpolation 

formula.  4 CO4 

Q 4 Give an example of an eigenvalue problem in a differential equation.  4 CO5 

Q 5 Using approximate solution, if 𝑅𝑒 is the residual of a differential 

equation. What is difference between Least square method and 

Collocation method?   
4 CO1 

SECTION B  

(4Qx10M= 40 Marks) 

Q 6 Construct the weak form and the associated quadratic functional of the 

following nonlinear differential equation:  

−
𝑑

𝑑𝑥
(𝑢

𝑑𝑢

𝑑𝑥
) + 𝑓 = 0 for 0 < 𝑥 < 1; 

[𝑢
𝑑𝑢

𝑑𝑥
]

𝑥=0
= 0,    𝑢(1) = √2 

10 CO3 



 

Q 7 Determine the linear interpolation functions for the linear triangular 

element as shown in Figure 1. 

 

 
Figure 1: Triangular element 

 

10 CO5 

Q 8 Find the Lagrange’s interpolating polynomial from the following data: 

𝑥: 0 1 2 5 

𝑓(𝑥): 2 3 12 147 
 

10 CO4 

Q 9 Solve the boundary value problem 

 
𝑑2𝑢

𝑑𝑥2 − 𝑢 = 𝑥,  0 ≤ 𝑥 ≤ 1,   𝑢(0) = 1, 𝑢(1) = 3  

using the approximation function  

 �̅�(𝑥) = 𝑎1𝑥(𝑥 − 1) + 𝑎2𝑥2(𝑥 − 1) + 2𝑥 + 1  

by Galerkin’s method.  

OR 

Solve the boundary value problem 

 
𝑑2𝑢

𝑑𝑥2 + 𝑢 = 𝑥,  0 ≤ 𝑥 ≤ 1,   𝑢(0) = 0, 𝑢(1) = 0 

using the approximation function 

𝑤(𝑥) = 𝑥(1 − 𝑥)(𝑎1 + 𝑎2𝑥)  by the Ritz method.  

10 CO2 

 

 

 

 

 

 

 

 

 



 

SECTION-C 

(2Qx20M=40 Marks) 

Q 10 Consider the problem of finding the transverse deflection of a cantilever 

beam under a uniform transverse load of intensity 𝑞0 per unit length and 

subjected to the point load 𝐹0 and bending moment 𝑀0 at the free end. 

The governing equations according to Euler-Bernoulli beam theory are 
𝑑2

𝑑𝑥2 (𝐸𝐼
𝑑2𝑤

𝑑𝑥2 ) − 𝑞0 = 0 for 0 < 𝑥 < 𝐿,  𝐸𝐼 > 0 

𝑤(0) = [
𝑑𝑤

𝑑𝑥
]

𝑥=0
= 0,  [𝐸𝐼

𝑑2𝑤

𝑑𝑥2 ]
𝑥=𝐿

= −𝑀0, [
𝑑

𝑑𝑥
(𝐸𝐼

𝑑2𝑤

𝑑𝑥2 )]
𝑥=𝐿

= 𝐹0, 

where 𝐸𝐼 > 0 is the flexural rigidity of the beam (𝐸 is the modulus of 

elasticity and 𝐼 is the second moment of area about 𝑦 axis). Determine an 

𝑛 parameter Ritz solution using the basis function 𝜑𝑛(𝑥) = 𝑥𝑛+1. Find 

the Ritz solution for 𝑛 = 1 also.  

OR 

 

Solve the boundary value problem 
𝑑2𝑢

𝑑𝑥2 + 𝑢 = 𝑥,  0 < 𝑥 < 1, 𝑢(0) = 0, 

𝑢(1) = 0 using the Ritz finite element method with linear piecewise 

polynomials for three elements of equal length.  

20 CO3 

Q 11  Consider the system of linear elastic springs shown in Figure 2. 

Assemble the element equations to obtain the force displacement 

relations for the entire system. Use boundary conditions to write the 

condensed equations for the unknown displacement and forces.  

 

Figure 2: System of linear elastic springs 

20 CO5 

 




