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MTE-14 : MATHEMATICAL MODELLING 
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Note : (i) Attempt any five questions. 

 (ii) All questions carry equal marks. 

 (iii)  Use of calculators is not allowed.  

 (iv)  Symbols have their usual meanings. 

1. (a) Suppose that the populations x (t) and y (t) 

satisfy the model given by the following 

system of equations :  

214 2
dx

x x xy
dt

     

  216 2
dy

y y xy
dt

  

Determine all the critical points of the 

system and discuss their type and stability. 
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Which critical point does represent the 

possibility of co-existence of the two 

populations ? 7 

(b) Explain the difference between continuous 

and discrete models with suitable example 

of each type. 3 

2. (a) Determine whether equilibrium solution 

exists for markets with the following 

demand and supply functions : 6 

(i) D = 50 – 4 p, S = 10 + 10 p – p2 

(ii) D = 56 – 4 p, S = 2 + 10 p – p2 

(b) Consider the flow of fluid due to pressures 

gradient in a tube of radius R and length 

L. Find the bounds for velocity 

distribution. 4 

3. (a) For the model : 

1 1 E , (0) K
K

dx x
r x x x

dt

 
    

 
, 

where 1, Er  and K are constants, determine 

( )x t  explicitly. Verify that for 

1

E
K 1x

r

 
  

 
 if 1E r , then 

1

E
( ) K 1x t

r

 
   

 as t   , whereas if 

1E r , then ( ) 0x t   exponentially as 

t   .  5 
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(b) Let x and y, respectively, denote the 

proportion of susceptibles and carriers of a 

disease in the population. Suppose that 

carriers are removed from the population 

at a rate   and disease spread at a rate 

proportional to the product of x and y, 

determine the following : 5 

(i) Carriers at any time t, where 

0(0)y y . 

(ii) The susceptibles at time t, where 

0(0)x x . 

4. (a) A particle is thrown vertically upwards 

with a velocity 100 m/sec. How high does it 

go, and how much time does it take to 

reach this height ? (g = 9.8 m/sec2) 6 

(b) Identify the two essentials and two non-

essentials in problem to find the 

relationship between blood flow and 

physiological characteristics of blood 

vessel.  4 

5. (a) In a barber’s shop with single barber, there 

are 3 chairs. Out of these one chair is for 

hair cutting and the other jor for waiting 

inside the shop. If there are more than 
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three customers in the shop, then leaving 

three rest wait outside. The customers 

come according to Poisson distribution 

with average two customers per hour. The 

service time T (per customer) is 

exponentially distributed with mean  

20 minutes. 6 

(i) Find the probability that an arriving 

customer has to wait outside the shop. 

(ii) Find the probability that an arriving 

customer gets a chair to sit. 

(iii) How long an arriving customer is 

expected to wait before start of service ? 

(b) For the data on fertilizer and yield of grain, 

find the regression of yield of grain on the 

amount of fertilizer applied : 4 

Fertilizer (x) Yield (y) 

30 43 

40 45 

50 54 

60 53 

70 56 

80 63 
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6. (a) Prove that the particle moving under a 

central force sweeps out equal area in 

equal intervals of time. 5 

(b) The pay-off matrix to A is as shown in the 

table. Determine the optimum strategy  

for B :  5 

  Player B 

  1 2 

Player A 

1 2 5 

2 3 1 

3 0 3 

7. (a) Find the covariance of two securities whose 

return distribution are given by below 

table :  5 

Event  

(j) 

Chance 

P1j = P2j 
Return 

 R1j R2j 

1 0.33 16 14 

2 0.25 12 8 

3 0.17 8 5 

4 .25 11 9 

(b) Find a relationship between the escape 

velocity and the minimum velocity with 

which a particle is to be projected 

horizontally so that the particle circles 

around the earth. 5 
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(i) 

(ii) 

(iii) 

(iv) 

x(t) y(t) 

214 2
dx

x x xy
dt

     

  216 2
dy

y y xy
dt
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 (i)  D = 50 – 4 p, S = 10 + 10 p – p2 

 (ii)  D = 56 – 4 p, S = 2 + 10 p – p2 

R L

1 1 E , (0) K
K

dx x
r x x x

dt

 
    

 
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1, Er K ] ( )x t

1

E
K 1x

r

 
  

 

1E r ]

1

E
( ) K 1x t

r

 
   

t   ] 1E r ] ( ) 0x t 

t  

x y



x y ]

(i) t

] 0(0)y y

(ii) t

] 0(0)x x

100 m/sec
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(g = 9.8 m/sec2) 6 

]

(i)

(ii)

(iii)
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(x) (y)

30 43 

40 45 

50 54 

60 53 

70 56 

80 63 

A

B

  B

  1 2 

A

1 2 5 

2 3 1 

3 0 3 
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]

]

  

(j) 

  

P1j = P2j R1j R2j 

1 0.33 16 14 

2 0.25 12 8 

3 0.17 8 5 

4 .25 11 9 
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