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1. Answer any five of the following questions:                                                      2x5=10 

a) Write down the Lotka-Volterra model and find the equilibrium points. 
b) What is Allee effect? Write down a single species Allee model. 
c) Write down the basic difference between exponential growth and logistic growth. 
d) State the Routh-Hurwitz criteria of order 3. 
e) Write down a two-species model with diffusion. 
f) Using linear stability analysis, determine the stability of the equilibrium points of 

 �̇� = 𝑥(2 − 𝑥)(𝑥 − 1).  
g) Define stable limit cycle. 
h) What is phase plane? 

 
 
 

2. Answer any four of the following questions:                                                      5X4=20  
 

a) What is bifurcation? Discuss transcritical bifurcation with example.  
b) What is insect outbreak. Give an example. Write down an insect outbreak model. 
c) Determine the steady states and investigate their stability for the following model 

 �̇� = 𝑑𝑥 − 𝑠𝑦 
 �̇� = 𝑥𝑦 − 𝑟𝑧 
 �̇� = (𝑦 − 𝑟)𝑧 
Where d, s and r are the parameters of the above system. 

d) Write down the assumptions, draw the schematic diagram and formulate abacterial growth 
model in a chemostat. 

e) What are the assumptions of SIR model? Write down the SIR model  based on the 
assumptions.   

f) Using the law of mass action write the system of ODEs for the following enzyme reaction: 

 

𝐸 + 𝑆 ⇄ 𝐶 → 𝑃. 

 

 

 



3. Answer any one of the following questions:                              10X1=10 
 

a) (i) Write down a two-species competition model. Find out the equilibrium points and 
investigate the local stability of the axial equilibrium points. 

 
(ii) Consider the difference equation 

𝑥 = 𝜇 𝑥 (1 − 𝑥 ). 

Find the fixed points and determine the condition(s) for the stability of the fixed points. 

5 + 5 = 10 
 
 

b) (i) Find all the equilibrium points of the following system of three species food chain 
model  
𝑑𝑥

𝑑𝑡
= ax − bx − 𝑐 𝑥𝑦 

 
dy

dt
= 𝑒 𝑐 𝑥𝑦 − 𝑐 𝑦𝑧 − 𝑑𝑦 

 
dz

dt
= 𝑒 𝑐 𝑦𝑧 − 𝑚𝑧 

Where, all the parameters are positive with their usual meaning. 

Discuss the stability of the axial equilibrium point. 
 
 

(ii) Consider the three-dimensional SIRS (susceptible-infected-recovery-susceptible) model  
 

𝑑𝑆

𝑑𝑡
= 𝐴 − 𝛽𝑆𝐼 − 𝑑𝑆 + 𝑒𝑅 

𝑑𝐼

𝑑𝑡
= 𝛽𝑆𝐼 − 𝑑𝐼 − 𝜇𝐼 − 𝛾𝐼 

𝑑𝑅

𝑑𝑡
= 𝛾𝐼 − 𝑑𝑅 − 𝑒𝑅. 

Where 𝐴 is the constant recruitment rate of susceptible population, 𝛽 is the rate of 
disease transmission, 𝑑 is the natural death rate, 𝜇 is the disease induced extra mortality 
rate, 𝛾 is the recovery rate and  𝑒 is rate at which recovered individual loses immunity and 
becomes susceptible again.  
Find the disease-free equilibrium and discuss the stability analysis of the said equilibrium 
point. 
 

5 + 5 = 10 
*** 

 


