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Section A
Attempt all the questions. This section contains 6 multiple-choice questions and one option is correct.
Write the correct option. Each question carries 5 marks.

Consider the approximate linear polynomial uy (x,y) = c¢f + c5x + c§yinxand y in Q, . In the

Finite Element Method, triangular elements with narrow geometries should be avoided since:
A. Any two of three nodes are very close to each other or three nodes almost on a line, the

coefficient matrix can be nearly singular and numerically non-invertible.

1. B. We can consider two of three nodes very close to each other since theoretically, the matrix
will not be singular. CO5

C. Narrow geometries do not have any impact on finite element meshes since there is a systematic
procedure to obtain interpolation functions for triangular meshes.

D. We should avoid only singular matrix since nearly singular matrix does not affect the solution
using finite element method

In the Least Square Method, let u(x) = u,(x) = 212'=1 cjp; + @o(x) be the approximation of

u(x) in the two-parameter solution of the following differential equation:

dzy _ 2 _ d_y _ . . -
L2ty =22 y(0)=0, [dx]le = 1. Which of the following is correct?

3
2. A gr=x2+x), p;=2*(1-3x),go =1 co1
3
B. ¢, = x(Z —Ex), @, = x*(1 — x), @y = x2
2
C. <p1=x(2—§x), @, =x*(1—x),0,=0

2
D. ¢; =x(2—x), <p2=x2(1—§x>,<p0=x

In the Galerkin method, let u(x) = u;(x) = ¢;x(1 — x) + (1 — x) be the approximation of
u(x) in one parameter solution of the following differential equation:

—2u5+ (‘1—2)2 =4, u(0) =1, u(l) = 1.

CO2

= —3+42c; +c? +4cyx
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B. R=-3—2¢; +c?

C. R

D. = =3+2¢; +cZ—4cx




In the mechanics of deformable solids, the angle of the twist 8 of an elastic, constant cross-
section, circular cylindrical member is related to torque T by T = k6 where k = % Here J

denotes the polar moment area, L is the length, and G is the shear modulus of the material of
the shaft. Then the relationship between the end torques (T, Ty ) and end twists (65, 65) of
the torsional dinite element (shown in the figure) is:
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We consider the condensed finite element equations of the eigenvalue problem for the
undamped system in the following general form:
(K. — M )U,. = 0.
Then which of the following statement is true:
A. The matrices K. and M, are not real. CO4
B. The matrices K. and M, are not symmetric.
C. The matrix M, is nonsingular.
D. The eigenvectors of two different eigenvalues are not orthogonal.
Ify, = (1 - g) (1 - %) Y, = f(l - Zz) Y3 = g% and Y, = (1 - f)%are the linear interpolation
functions for rectangular elements. Then the value of Si? is:
A -3
CO4
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SECTION B

Attempt all the questions. This section contains descriptive type’s questions. Each question carries 10

marks.

Construct the weak form of the following differential equation:
d

—a(uZ—Z)+f=0 foro <x<1; (uZ—Z)xzo =0, u(l) =v2

If w is considered weight function then find B(w, u). Is B(w, u) symmetric and linear?

COo1

The diffusion equation in dimensionless form is given as:

a’T  ar .

ot 0 withT(0,t) =0, T(1,t) =0

The complete solution of the time-dependent problem is a linear combination of the mode Shapes U,
and temporal term e ~*at: T(x,t) = ¥, k,U, (x)e *=t where k,, is constant. Use finite element
method for the mesh of two linear elements to determine the eigenvalues and the eigenfunctions and

compare the result with those obtained with the single quadratic element.

CO5

What is the importance of natural coordinate £? Derive the linear, quadratic, and cubic interpolation
functions for one-dimensional elements in terms of natural coordinate.

CO4

10.

Calculate the linear interpolation functions for linear and rectangular elements shown in the
following figures:
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CO5

11.

Consider a stepped bar supported by springs on both ends as shown in the following figure. Using the
finite element method, determine the displacements in the springs and stresses in each portion of the
stepped bar. Neglect the weight of the bar and assume that the bar experiences only axial
displacements.

CO3




ky=2x10°1b/in. d=25in. d=2in. P=2x10°lbs k4= 10°Ib/in.

: ’ : l Steel, E, = 30x10° psi
I .~ Ain . Aluminum, E, = 10x10° psi

4 2
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(b)

SECTIONC

This section contains descriptive type’s question and it has internal choices. This question carries 20
marks.

12.

Use the finite element method to solve the problem described by the following differential
equation and boundary conditions:
d?u

—+u=x>for0<x<1; u(0)=0,[

dx?

du
— =1.
dx]x=1

Use the uniform mesh of three linear elements.
Note: Obtain the condensed equations only.
OR

Evaluate the following coefficient matrices and source vector using the linear Lagrange
interporlation functions:

x dye dys x x
KS = [7(ag + as0) LW qy, wg = [2(cg + ctomepfax, f€ = [ + frowtdx

Where ag, ai, c§, ci, fo and f° are constants.
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