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Attempt as many questions as you can. All symbols have their usual meaning. 
Marks are shown in square brackets. Cut-off is at 30 Marks. 

Ql. A two-dimensional linear dynamical system is described as: i =Ax. Find the nature 
of the fixed point at the origin, if the matrix A is given by, 

(i) A = [ ~ ~} (ii) A = [ ~ a (iii) A = [~ ~ l where r is a real parameter. [7] 

Q2. A simple model of two competing species, rabbits (x) and sheep (y), is described by 
a linear dynamical system: 
x = x(3- 2x- 2y), 

.Y = y(2-x- y), x,y;::: 0. 

Find the steady state solutions, investigate their stability, and sketch plausible phase 
portraits. [ 6] 

Q3. Find the fixed points, determine their stability of the following dynamical systems: 

(i) x=xy,y=-x2
, 

(ii) iJ = r- sine, 0:::; e:::; 2Jr and r is a real parameter. 

Also sketch roughly the phase portraits. 

Q4. A dynamical system is given as: 

x = y(1-x2
), 

y = -x(l- y2). 

[5+3] 

Find the indices of all the fixed points of this system. Consider a circle of radius 2 with 
its origin located at x = y = 0 in the phase space of the dynamical system. Show that the 

index Ic of this circle with respect to the vector field of the dynamical system, if C is 

described counterclockwise, is the sum of all indices of the all fixed points. [7] 

QS. A two-dimensional dynamical system in polar coordinates r and B is described by 
equations: 
f = Jlr + r3 

- r 5 and iJ = m + r 2
, where f.1 is a real parameter. 

Discuss all the possible solutions and investigate their stability. [8] 
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