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Answer any five of the following questions:                                                      8X5=40 

1.  (a) Find the solution of the homogeneous linear system 
𝑑𝑥1

𝑑𝑡
= 𝑥1 + 2𝑥2 

𝑑𝑥2

𝑑𝑡
= 6𝑥1 + 2𝑥2. 

 

(b) Find the solution of the following system of equations using generalized 

eigenvector 

�̇� = 𝐴𝑋,   where  𝐴 = [
6 −4
1 2

]  &  𝑋 = [
𝑥1

𝑥2
].       4+4  

              

2. Consider the linear system 
𝑑𝑥1

𝑑𝑡
= 3𝑥1 + 𝑥2 

𝑑𝑥2

𝑑𝑡
= 𝑥1 + 3𝑥2. 

 

Find the solution of the corresponding uncoupled system (in 𝑦1 − 𝑦2 𝑝𝑙𝑎𝑛𝑒) and 

sketch the phase portrait in both 𝑥1 − 𝑥2 plane and 𝑦1 − 𝑦2 plane.     8 

 

3. (a) Write down the differences between hyperbolic and non-hyperbolic equilibrium 

points. 

 

(b) Consider the non-linear system 
𝑑𝑥1

𝑑𝑡
= −𝑥2

3 

𝑑𝑥2

𝑑𝑡
= 𝑥1

3 

Investigate the stability of the equilibrium point of the above system.              



(c) Consider the system of equations 

�̇� = 𝑥(4 − 2𝑥 − 3𝑦) 

�̇� = 𝑦(𝑥 − 5). 

Investigate the stability of the interior equilibrium point.             2+3+3 

 

 

4. (a) Find the conditions for existence and non-existence of closed orbit in the 

following system of equations 

�̇� = 2𝑥 + 3𝑦 

�̇� = 𝑎𝑥 + 𝑏𝑦. 
 

(b) Investigate the global stability of the interior equilibrium point of the following 

system  
𝑑𝑥

𝑑𝑡
= 𝑟𝑥 (1 −

𝑥

𝐾
) − 𝑏𝑥𝑦 

𝑑𝑦

𝑑𝑡
= 𝑐𝑥𝑦 − 𝑑𝑦,  

where  𝑟, 𝐾, 𝑏, 𝑐, 𝑑  are all positive and  𝑐 < 𝑏.     2+6 

        

           

5. (a) Discuss saddle node bifurcation and draw the bifurcation diagram. 

 

(b) Define transcritical bifurcation. Give an example.                                                    4+4 

 

6. (a) Consider the non-linear difference equation 

𝑥𝑛+1 = 𝑓(𝑥𝑛). 
Discuss the local stability criteria of a fixed point of the above difference equation. 

 

(b) Consider the difference equation 

𝑥𝑛+1 = 3𝑥𝑛(1 − 𝑥𝑛).  

Find the fixed points and investigate their stability.     3+5 

 

7. (a) Find the solution of the difference equation 

𝑥𝑛+3 = 6𝑥𝑛+2 − 11𝑥𝑛+1 + 6𝑥𝑛. 

Also investigate the stability of the solution. 

 

(b) Solve the following system of difference equations 

𝑥𝑛+1 = 6𝑥𝑛 − 3𝑦𝑛 

𝑦𝑛+1 = 2𝑥𝑛 + 𝑦𝑛. 

Also check the stability of the solution.      3+5 

 

 

 



8. (a)  Suppose that a loan of Rs. 2000000 is to be amortized by equal monthly 

payments. If the interest rate is 10% annually and compounded monthly, find the 

monthly payment required to pay off the loan in 20 years. 

 

(b) Consider the system of non-linear difference equations 

𝑥𝑛+1 =
𝑥𝑛

2
+  𝑦𝑛

2 

𝑦𝑛+1 =
𝑦𝑛

3
+ 𝑥𝑛. 

Find the equilibrium points and determine their stability.    3+5 

 

……………………………………………………………………………………………………………….. 


