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Gid e / Important Instruction
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New system i.e. Question Paper Cum Answer Booklet (QPAB) will be introduced in the
coming Term End Examination. To get the candidates acquainted with the new system,
assignment answer is to be given in the specified space according to the instructions.

Detail schedule for submission of assignment for the
PG Term End Examination June, 2020

1. Date of Publication :20/06/2020

2. Last date of Submission of answer script by the student to the study :19/07/2020
centre

3. Last date of Submission of marks by the examiner to the study centre : 16/08/2020

4. Date of evaluated answer scripts distribution by the study centre to

the students (Students are advised to check their assignment marks
on the evaluated answer scripts and marks lists in the study centre
notice board. If there is any mismatch / any other problems of marks
obtained and marks in the list, the students should report to their
study centre Co-ordinator on spot for correction. The study centre is
advised to send the corrected marks, if any, to the COE office within
five days. No changed / correction of assignment marks will be

accepted after the said five days.) :23/08/2020
S. Last date of submission of marks by the study centre to the
Department of C.O.E. on or before :31/08/2020
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Special Paper : Pure Mathematics
Paper - 10A(i) : Advanced Differential Geometry

( Notations have their usual meanings.)

A manifold always means a differential manifold of class c® .
Answer Question No. 1 and any four from the rest.

1. Answer any five questions : 2x5=10
a) When is a function said to be a diffeomorphism ?
b)  Define a differentiable curve on a manifold.
c) Using [X, X] =0, show that [X,Y]=-Y, X].
d) When is a vector field said to be invariant under a smooth function ?
e) Define a 1-form on a manifold.
f) Show that L, L, # L, L in general.
g) When is a linear connection said to be symmetric ? Calculate [ X,Y | in such case.
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Define a differentiable manifold of class ¢%. 3

Show that S1 is an one-dimensional differentiable manifold.

Define a tangent vector on a manifold.

IfX=L+x2%—x3L3, Y=x2L, f=x1x2+sir12x3

o0x o0x ox ox?

i) compute Xf

ii) compute [X,Y]. 4+3

Show that a necessary and sufficient condition for two vector fields X, Y respectively

on two manifolds M, N to be f-related, is that

FrUfX)g)=X(f*g)

where f: M — Nisa c® mapand gec® (f(p)), peM. 6
1
Does X = —e* o + 2 generates one parameter group of transformations ?
1 2
Ox ox
Justify your answer. 4

Define the total differential of a differentiable function on a manifold M. Show that it

is a 1-form of M. 2+2

For any O-form o, prove that d(f*w)= f*(dw). 6

Define a linear connection in the sense of Koszul. 3

IfX=§ii.andY=nji,,ﬁndVXY andVYX. 4+ 3
ox* ox/

When is a Riemannian manifold said to be of constant curvature ? Define an
Einstein manifold and show that every Riemannian manifold of constant curvaure is
an Einstein manifold. 2+2+4

Define a semi-symmetric metric connection. 2
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Special Paper : Applied Mathematics
Paper - 10A(ii) : Fluid Mechanics
( Notations / symbols have their usual meaning. )
Answer Question No. 1 and any four from the rest.

Answer any five questions : 2x5=10

a) Show that for a two-dimensional irrotational motion velocity potential and stream
function satisfy Laplace's equation.

b) Find the velocity components for a liquid motion represented by the complex
potential o = Alog z . Draw the stream lines.

) State Blasius theorem for the pressure thrust and its momentum on a cylindrical
body in an incompressible homogeneous liquid.

d) What is the vorticity vector in a fluid motion ? Define irrotational motion and vortex
motion. Write down equation of vortex lines.

e) Write down the constitutive relation for a viscous fluid. Then write down the Navier-
Stokes equation for the flow of a viscous fluid.

f) Define source, sink and doublets in a liquid motion.

g) Show that for a vortex motion, strength of a vortex tube is constant along the length
for all times.

h)  Explain standing waves and progressive waves along the surface of a water body.

First Answer :
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a)

b)

b)

a)

b)

Deduce the equation of motion of a sphere moving in an incompressible ideal fluid
at rest at infinity with velocity U along the axis of Z'" Hence show that the effect of
the presence of the liquid is to reduce the external force in the ratio

(G—p):(c+%p), c and pbeing the densities of the sphere and the liquid

respectively.

A sphere of radius ‘a’'is made to move in an incompressible perfect fluid with non-
uniform velocity u’along the x-axis. If the pressure at infinity is zero, prove that at a

[

point x'in advance of the centre, pressure p'is given by the following equation :

. 3
1 3]u 2[ 2 a
p==pa +ul| = —-=—1t. S+5
2 {XQ [x3 x6]}

Show that if there is a streaming past a fixed circular cylinder with uniform velocity
U in the negative direction of X-axis and there is a circulation of strength k, then the
cylinder experiences an upward lift amounting pkU, p being the density of the

liquid.

State and prove Milne-Thomson circle theorem. Apply the theorem to find the
complex potential of a uniform stream at incidence B with positive direction of

X axis. S5+5

Show that a progressive wave in a finite depth of liquid with a free surface, liquid
particle describes an ellipse about its mean position near the free surface.

Discuss the motion of capillary waves in a channel of uniform depth. S+5

Describe Karman Vortex street. Discuss the motion of rectilinear vortices lying on such a

street. Find out the velocity of lower row and show that it is equal to Ltanhﬁ7b, where

2a

vortices 'k'in the upper row are at the points ma + L b and vortices -k in the lower row

at(m+%)a—lib,m=0,il,12. 5+5

a)

b)

b)

2

Consider a steady flow of an incompressible viscous fluid through a pipe with
rectangular cross-section bounded by the plane x=a, x=-a, y=>b, y=-b. Find

the volume rate of flow at any cross-section.

Define axisymmetric motion and Stokes stream function. Obtain the differential
equation satisfied by Stokes' stream function and velocity potential for an
irrotational motion symmetric about an axis. S+5

Calculate the energy which is dissipated in a viscous liquid in motion due to internal
friction.

Obtain boundary layer approximation of Navier-Stokes equation for a flow of viscous
incompressible liquid passing over a flat plate and discuss Blasius solution for

boundary layer over a flat plate. S+5
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