




































Time: Three Hours 

M.Sc. Examination, 2023 
Semester-III 

Paper: MMO-31 (A14) 
(Critical Point Theory in Fluid Topology-I) 

1. Answer any five questions: 

Mathematics 

Questions are of values as indicated in the margin. 
Notations and symbols have their usual neanings. 

Answer question no. 1 and any three from the rest. 

sa) What do you mean by phase plane and phase portrait of a system? 

po are constants. Find the rate of change of density at r = 
(b) The velocity fields in a diffuser are given by u= uge-# and p = poet, where u, and 

What is path line? Wite down the differential equation of a path line. 
) Describe geometric interpretation of stream fuction. 

(e) Distinguish between streamlines and skin-friction lines. 
() How vortex lines are connected to skin-friction lines? 

BWhat do you mean by separation and attachment? 

meanings. 

) What is node-saddle point of attachment? How does it form in the flow field? 
V2. (a) Show that (0, 0) is always an unstable critical point of the following linear system 

ý=-1+y. 

Full Marks: 40 

where is a real constant and u 1. When is (0,0) an unstable saddle point? When 
is (0,0) an unstable spiral point? 

(b) Establish the relation:U6"") + &U U 
dr 

5) Classify (if possible) the eritical points of the plane autonomous system corresponding 
só the non-linear second order differential equation | +z-= 0. 

f Sketch phase portrait of degenerate unstable node and stable spiral point. 

3(a) State and prove Reynolds transport theorem. 

(5 x 2=10] 

dz 

F= (Tals -S Teala 

where symbols have their usual 

A. Show that the behaviour of the skin-friction lines in the vicinity of the critical points at 
Po(ro, zo) is governed by the nature of the solutions of a system of linear algebraic equations 
of the form Fy =0 where, 

TAs)- () and O = () 
Also, classify different critical points of the skin-friction line patterns. Describe their topo 
logical signiicance in fluid dynamics. 

[3) 

[5) 

[5 

[4+3+3] 



5. (a) Discuss flow topology associated with a separation with one saddle point and two foci. 
(b) What are the key differences between separation surface of detachment type and sep aration surface of attachment type? 

6. (a) What do you mean by vortical structures in the flow field? Describe vortical structures over a delta wing. 
(b) State Poincaré-BendixSon formula when flow domain with surface complexity one con 

tains node, focus, saddle point, half-saddle and half-node as critical points. 
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Time: 3 Hours 

M. Sc. Examination 2023 
Semester-III 
Mathematics 

Paper: MMO-31(P-12) 
(Value Distribution Theory-I) 

Questions are of values as indicated in the margin. 
Notations and symbols have their usual meanings. 

Answer any foT questions. 

Full Marks: 40 

1. (a) Define a simply connected set in C. Let G be a domain and let H(G) denote the collection of 
all analytic functions on G. IfG is simply connected, prove that for each f E H(G), there is a 
sequence of plolynomials {Pa} which converges to f in H(G). 
(b) Let GCC be an open set and E be a subset of Coo \G which meets every component of 
Cos \G. Let R(G, E) be the collection of all rational functions on G with poles in E. Show that 
R(G, E) is a dense subset of H(G). (1+5)+4) 

L. ka) What do you mean by harmonic functions? Explain with examples. Prove that every harmonic 
function on a domain possesses the mean value property. Is the converse true? Justify your answer. 
(o) Establish the maximum and minimum principle for harmonic functions. (2+3+1)+4] 

A 5 Find, if possible, an entire function f(2) =utv such that u(z,y) =z +y-6ry-4ry. 
(b) Describe Dirichlet problem for a disc. Prove that it has (assuming the existence) a unique 
solution. [5+(1+4)] 

4. (a) For a periodic function f, discuss the difference between its periods and primitive periods. 
Prove or disprove: The period points of a non-constant periodic function cannot accumulate in a 
finite region. 
(b) Define an elliptic function f on a domain. Describe, in detail, the period parallelograms 
asociated with such an f. [(1+4) +(1+4)]) 

(b) State and prove Nevanlinna's first fundamental theorem. 

5. (a) Let f be an elliptic function. What do you mean by a cell for f? Show that the sum of the 
residues at the poles of f in a cell is zero. 

(b) What is Weierstrass' elliptic function p(z)? Prove or disprove: The function () is an even 
function but p'(z) is an odd function. [(1+4)+(1+4)] 

o) Let f be a meromorphic function on C. Descrilbe the functions m(r, f), N(r, f) associated with 
fand define Nevanlinna's characteristic function T(r, f) of f. Hence evaluate these functions for 
f(z) =e² 

[(3+3) +4] 
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