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Ql. A dynamical system is given by 

x = P(-x+ y), 

y = -y+.(R-z)x, 

z:::;: -z+.zy. 

(i) Find all the stationary states of this system and their stability. Show that the 
nontrivial fixed points are stable for all R, if P' < 2. Determine the nature of 
bifurcation from trivial to non-trivial fixed points. 

(ii) What is the condition for the possibility of Hopf bifurcation in this system? Find 
the value of angular frequency co0 at the onset ofHopf bifurcation. [7+5] 

Q2. (i) Show that a closed trajectory in phase space surrounds at least one singular point. 
(ii) The index of a dosed trajectory is I. 
(iii) Find the index of a node, focus and a saddle point. [4+3+3] 

Q3. (i) Find the fixed points and stability of the following systems for real values of p: . . . 
(a) X=jJ.-X

2
, (b) X=j.1X-X

2 and(c) X=jJ.-X
3

. 

(ii) Draw the bifurcation diagram {x- p) for all the systems of part (i). [9] 

Q4. The following set of dimensionless partial differential equations describe the 
phenomenon of two-dimensional convection a thin layer of a Boussinsq fluid heated from 

below: a,B+v.(\!B)=V 2B+Rvz,V 2v=V~B and axvx+8zvz =0. The boundary 

conditions in vertical direction are: V2 = 8 = 0 at z = 0 and l. All the perturbations may 

be ·assumed to be periodic in x-direction. Find the critical .value Rc of the Rayleigh 

number R when two-dimensional convection begins. What is the critical wavelength Ac 
of at the onset ofthe convection? Is the convection stationary or oscillatory at the onset? 
JustifY your answer. 

[8] 
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QS. Consider a truncated expansion of the fields Vz and e as vz = 4JZ:.f(r)cos(kcx)sin(nz) 

and e = 8nY(r) cos(kcx) sin(nz)- 41Z"Z(r) sin( 2m) for the set partial differential equations 
. 2 

given in Q4 for a model of two-dimensional (2D) convection. Here T = 2n t. Derive 
Lorenz-like dynamical system for the 2D convection. [8] 

Q6. (i) The slow temporal dependence of a stationary stripe pattern is defined by a 
variable X= A(T)eikx: The pattern is invariant, iftranslated by an amount A.= h/k in· a 
direction perpendicular to the stripes. What is the consequence of this invariance to the 
complex amplitude equation? Write the form of the amplitude equation, if the pattern 
saturates at cubic order in amplitude A. 

(ii) When are amplitude equations and dynamical systems are useful to understand 
unfolding of an instability. 

[5+3] 
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