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The figures in the right-hand margin indicate marks.
The symbols used have their usual meanings.

Answer from any one Section.
SECTION—I
({ MTM-404A |

{ COMPUTATIONAL OCEANOLOGY )

1. Answer any four questions from the following :
2x4=8

{a} Derive the expression for u  (ihe value of
u-velocity at the west lace of the control
volume) for two points upwind scheme in
nor-uniform grids. and hence simply this

expression for uniform grid.
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{d}

{e/

(/i

{2)
Write the advaniages of use of iinite volume
method.

Discuss about the cleosed boundary
conditions for three unknowns u, v and h
at the bottem of ocean for grid-A (cell
centered) and grid-B (semi-staggered grid).

Write down the pressure condition for the
wave propagation at the {ree surface.

Define the term Rossby radius and give its
physical significance.

Write down a short note on “Poincare wave”.

2. Answer any two questions from the following :

fai)

{405

4x2=8

(i) Draw the {;. kjth control volume for
irregular grid. Apply the finite volume
method on the following equation for
the aforesaid control volime

Jg OF 3G

P R {

dt dx dy T

where the symbols have their usual
meanings.
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(b)

()

d}

/

/405

: (3
fiiy If the global grid is uniform and
coincides with lines of constant x and
y. then shuw that the above
discretisation coincides with a centred
ditference representation for the
spatial terms of the above original
differential squation (1} 3+1

Consider the Sominerfeld radiation
condition at the outiet as

(-*—(b + Uy —t—fg =0

o ax
where ¢ is any flow variable and U, 15 the
local wave speed applied. Find the

expression for ¢% ; using 3-point backward

formulea for both the dervatives at nth time
step over the (/& j)th control volume. 4

Using the implcit Euler scheme for time

derivative and center differencing for space

derivative, discretise the one-dimensional
OT  9°T

heat conduction equation —; =0 _—, 4
dt dx

Derive depth-averaged momentum
equations for shallow water theory. 4
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fv; Prove that the bell-shaped surfece

clevation. the horizontal veloeity expression

; ‘ gh . —

i adeep oceart 1s u = —— where Cg = (JgH .
20Cy

Svmbaols have thelr usual meanings. 4

(fi Uerive an cxpression for speed of

propagation of a stationary wave in the
surface of a canal of hinite depth. 4

W

Answer s two guestions rum the following
Bx2=16
i) {0 Draw 2 general Doite volume cell &, wath
four sides. showing coil contre data )
and flux density H' on o side with side
veeLors.,
fi) Consider the following shallow water
cquations [SWE)
al’

—+ V. H=0
it -

sty

"
FH. l'-!”_’.
|
i

where H=1H,;|=i¢v, v+0-53p°{ | and
ek vE t
H- Ehd
’_‘,,,\,j Lq;UUg + 0 4]

v o1s the flow velocuy.
Apply the finite volume method for the
above eguation and on the control

1

voltime drasan i part-fif.
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fiii)

(b) (i)

(i7)

fc) (i}

{it)

/405

(5)
On a ztructured mesh whose cells are
indexed by (1, j) with the subscript 1/2
to denoie cell interfaces in the usual
way. ~implify the above expression
derived 1n part-{ii. 1+5+2

Draw 11c grids for grid-A (cell centered),
grid-B {semi-staggered grid) and grid-C
{staggrred grid), and arrange the

variables (. © and A} in all these grids.

Discretize the x- and y-momentum
equaticns of two-dimensional gravity
waves with centred differencing for
space rdervative and backward for time
derive »n the egrid-C. 3+5

Derive Klein-Gordon equation for long
surface wave. p

Derive the expressions for the surface
elevation end the velocity distribution of a
single Relvin wave at a straight coast. 4
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(&)
el i) Prove that the towal energy of stationary
Wave 18 Zpgﬂ.”,« where o, A are the wave
amplitude and waveleagth respectively.

)

fit) Define the circulation e fluid rotation
and calculate the circularion within @

small fuid elemens. 3
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SECTION—II

[ MTHM-404E |

{ NON-LINEAR OPTIMIZATICN )

1. Answer any four giestions {rom the following -

(e

(b)

fc)

{c]

fej

th

/403

2%4=8

What is degroe of ditficulty 1 connection
with geometric programning,

Define the terms Nash equilibrium strategy
and Nagh equilihrium outcome in mixed
strategy,

Define Pareto optimal soiuton in a multi-
objective non-linear programming problem.

State Kuhn-Tuaker stationary point
necessary optimality theorem.

State Karlin's constraint qualification.

State weak dualitv theorem in connection
with duality i quadvalic programming.
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2. Aanswer any four cuestions from the following

foif

/4C5

4 =16

et 0 be a numerical ditferentiable function

DN AN 0PEN CODVeX :;(,:I, "< R” =s concave
if and ondy il Bx-] -8 (x J SV H{x [.' - X ] for
1 2

cuweh ot D

Py o

[seuss variows solution concepts for

solving At & e jeed B non-hinear
PrOgSramITnin g

Slate and srove Slater's theorem of

alternative.

Write the rzlationship among the solutions
of local minimivation problem (LMP), the
problem (MP), the Fritz dohn
stationary pronlom (BJIP) the Fritz-John
saddle poit probicm (FISPL the Kuhn-
Tucker sratioras

MM ZE 10T

nomt problem (KTPL the
pout problem (KTSPL

bubn-Tucksr

State azid sthn-Toacker saddle point

NECESKATY wiiy theoram,

Write a short note on  constraint
qualification in connection with non-linear

programiming.
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3.

/405

.9

Answer anyg two auestions rom the following

{ct)

{h)

x2-16H

Using the chance-constramed programming
technicue to ad an equivalent deterministic
problem of he foilowing stochastic
PrOLgramming 3robiem

—

Mimimize Fx) - % o,

i i

i )

SRt 18 P] X 48 B0, B

\
|
|5 2

when pois a random variable and p s o

specified probaihn, &

Solve the follow e ouadratue programming

s omethod

problom using wal

Maximize

subject Lo xp +2x = 10
A’.‘l Hpdl ¢ B g

Xy, 8 =0 &

{ Trrn Qrer



{10
(c} Describe Beale's method for solving the

quadratic programming problem. 8

1) (i) How do vou solve the following geometric
by )

programmming problem?

A
Find P = h That mimmizes ine
X

obhjective furelion

-
I 5

Slxi= 3 L) = E

iy
il

c; >0 x »0.q, are real numbers, Vi, j

i

(1 Deline the fellowing terms in connection

with duality i non linear programmng :

(I The primalp munimization probicm

(1 The dus! imastnization] problem
(DR el
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