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SECTION-A

2.1 (a)| Formulate PDE for surfaces whose tangent planes form a tetrahedron of constant volume

with coordinate planes. (10)
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¥

2.1 (b)

State the sufficient condition for convergence of the Gauss Seidel iteration method. (10)
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Candidates

0.1 (c) | Express the Boolean function f {x, Y,z)=x+7j+¥z+z indisjunctive normal form (DNF) :‘“"::I:::;f:

(10)

and construct the truth table for the function.
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Q.1

(d})| A rod of length 2a revolves with uniform angular velocity w about a vertical axis through
a smooth joint at one extremity of the rod so that it describes a cone of semni-vertical angle
. Prove that the direction of reaction at the hinge makes with the vertical, an angle
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Q1 (o

Find the equation of the streamlines for the flow q = - [31!2 ); - E'I_? at the point (1, 1).(10)
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Q.2 (a)
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Q2 ()

Write an algorithm in the form of a flow chart for Newton-Raphson method. Describe the
cases of failure of this method. (15)
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Q.2 (c)

2 2

2
Show that the surface w57 22 gt [l’r— + 2—2-1 1 isa possible form of boundary surface of

W

aliquid at time £. (15)
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Q.3 (a)

Prove that for the equation z + px + qy - 1- pqx’y® = 0, the characteristic strips are given

1

1
=— t =———
by x(f) R A dnly W

z(t)=E-(AC-BD)e™, p(t)= A(B+Ce')’,
q(t)=B(A+De )2 where A, B, C, D and E are arbitrary constants. Hence find the values

of these arbitrary constants if the integral surface passes through the linez=0,x=y.
(20)
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L1 M . o0 y Candidates
Q.3 (b)| Aliquid is contained between two parallel planes, the free surface is circular cylinderols | co g
radius 'a' whose axis is perpendicular to the planes. All the liquid within a concentric | onthis margin

circular cylinder of radius 'b' is suddenly annihilated; prove thatif ] be the pressure at
the outer surface, the initial pressure atany point on the liquid distant 'r' from the center is

logr—-logh
1 et Bl
[logn -log Er]' (15)
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Q.4 (a)

Find a surface satisfying r + 5 = 0 and touching the elliptic paraboloid z = 4x* + 4> along

its section by the plane ¥y =2x+1. (15)
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Q.4 (b)

A uniform rod is placed with one end in contact with a horizontal table and is then inclined
atan angle of a to the horizon and is allowed to fall. When it becomes horizontal, show

3g .
that the angular velocity is 1|| 2_§ sina whether the plane be perfectly smooth or perfectly

rough. Show that the end of the rod will not leave the plane in either case. (20)
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Q.4 (c)

An infinite mass of fluid is acted on by a force per unit mass directed to the origin. If

i
rEl,.I"I

initially, the fluid is at rest and there is cavity in the form of the sphere r =¢ init, show that

1/2
the cavity will be filled up after an interval of time (EI’] el (15)
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Q.5 (a)

SECTION-B

Transform the equation yz, - Xz, = 0 into onein polar coordinates and thereby show that

the solution of the given equation represents surfaces of revolution. (10)
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Q.5 (b)

Verify that the equation yz(y + z)dx +xz(x + z)dy + xy(x + y)dz =0 is integrable and find
its sulution. (10)
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Q5 ()

Express the Boolean function F(x,y,z)=xy +x'z ina product of maxterm form. ~ (10)
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Convert (3798.3875),, into octal and hexadecimal equivalents, (10)
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Q.5 (e)

Find the moment of inertia of triangular lamina
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Q.6 (b)| UseGaussQuadrature formula of six points to evaluate jn T given Tl

xp =-0.23861919, wy = 0.46791393

1, = -0.66120939, w, = 036076157

x5 = -0.93246951, wy =(0.17132449 (15)
Xy =—X1, X5 ==X, Xg=-X3, Wy =Wy, W5=10,, and w, =w;.




NEXT IRS

MATHEMATICS | CSE (MAINS) TEST SERIES-2024 | TEST-4

Page 58

L |

T A A T T TR R
L i, 1 ko
ey [ B el
walad Eol ¥
[ i

Candidates
st not write
on this margin




NEXT IRS MATHEMATICS | CSE (MAINS) TEST SERIES-2024 | TEST-4 | page 59

Candidates
miust not write
on this margin




NEXT IARS MATHEMATICS | CSE (MAINS) TEST SERIES-2024 | TEST-4

Page 60

Three parallel rectilinear vortices of the same strength k and in the same sense meet any
plane perpendicular to them in an equilateral triangle of side a. Show that all the vortices

move round the same cylinder with uniform speed in time ('L‘T 2 ) / 3k . (20)
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Q7 (a)

Find the family of surfaces orthogonal to the family of surfaces given by the differential

equation (y+z)p+(z+x)g=x+y. (15)
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Q.7 (b)

d],.r yz - IZ

Using Runge Kutta method of fourth order, solve e }W with y(0)=1latx=02.

Use four decimal places for calculation and step length 0.2. (15)
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Q.7 (c)

For a dynamical system having two degrees of freedom, the Lagrangian is given by

-

e I
L= E 2 2 + 2) 4y g
et T T4 —E(“ 2): where g, and g, are generalizéd coordinates. Find the
corresponding Hamiltonian and derive the Hamiltonian equations of motion, Show further
that the generalized momentum corresponding to g, is constant. Show that the system
exhibits a simple harmonic motion with respect to the generalized coordinate q,-  (20)
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Q.8 (a)

e

A tightly stretched string has its ends fixed at x= 0 and x=1. At time t= 0, the
string is given a shape defined by f(x)=ux(I-x), where u is a constant, and

then released. Find the displacement of any point x of the string at time t > 0.(20)
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Q8 ()

A plank of mass m and length 2a s initially at rest along a line of greatest slope
of a smooth plane inclined at an angle @ to the horizon, a man of mass, M,

starting from the upper end walks down the plank so that it does not move,

4Ma
show that he will reach the other end in time \/ (m+M)gsina * (15)
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Q.8 (c)| A two-dimensional flow field is given by i = xJ.

(i) Show that the flow is irrotational.

(ii) Find the velocity potential.

(iii) Verify that wand¢ satisfy the Laplace equation

(iv) Find the streamlines and potential lines. (15)
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