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

 (ii) Use of calculators is not allowed.  

 (iii) Symbols have their usual meanings.  

 

1. (a) Derive Poiseuille law using dimensional 

analysis. 3  

(b) There are two species A and B in a forest. 

A feeds on B. The increase in population of 

A is proportional to the population B while 

decrease in population of B is proportional 

to population of A. Set up the model 

equations describing this situation.  2 

(c) It is possible to project a particle with a 

given velocity v in two possible ways so as 
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to make it pass through a point P at a 

distance r from the point of projection. 

Show that the product of the times taken 

to reach this point in two possible ways is 

proportional to ‘r’. 5 

2. (a) The modified logistic population model for 

a fish population including the effect of 

harvesting is given as follows : 

N N
N 1 EN

K

d

dt

 
   

 
 

where N is the population of fishes at any 

time t, K and E are positive constants. 

Determine N (t). Show that for E 1,  

N( ) K(1 E)t    as t   and for E > 1, 

N( ) 0t   as t  . 5 

(b) The demand function for a particular 

commodity is /315 ,xy e  0 8,x   where y 

is the price per unit and x is the number of 

units demanded. Determine the price and 

quantity for which the revenue is 

maximum.  5 

3. (a) An insect population (denoted by y) is 

being destroyed by an insecticide at a 

constant rate d. It is increasing at a rate 
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proportional to the current population. The 

constant of proportionality is k. Which of 

the following initial-value problems might 

be reasonable model of this situation ? For 

each of the choices below, justify why you 

are rejecting or accepting it.  4 

(i) y' + ky = d, y(0) = 0y  

(ii) y' – ky = d, y(0) = 0y  

(iii) y' + ky = – d, y(0) = 0y  

(iv) y' – ky = – d, y(0) = 0y  

(b) Let x and y denote respectively the 

proportion of susceptibles and carriers in a 

population. Suppose the carriers are 

removed from the population at a rate  

and disease spreads at a rate proportional 

to xy. 

(i) Formulate the problem. 

(ii) Determine y at any time t, given 

0(0)y y .  

(iii) Find x at any time t subject to 

0(0) .x x   

(iv) Find the limiting value of x as .t    

What does the limiting represent 

physically ? 6 
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4. (a) Consider arterial blood viscosity  = 0.25 

poise. If the length of the artery is 1.5 cm, 

radius is 38 10 cm  and 1 2P P P  

3 24 10 dynes/cm . Then find the :  4 

(i) maximum peak velocity of blood and 

(ii) the shear stress at the wall.    

(b) If a simple pendulum of length l oscillates 

through an angle ∝ on either side of mean 

position then find the angular velocity 
d

dt


 

of the pendulum, where  is the angle 

which the string makes with the vertical.  4 

(c) A man weighs 50 kg. What will his weight 

be if the radius of the earth reduces to half 

its value ? 2 

5. (a) Find the equilibrium price in a perfectly 

competitive market with the supply 

function 
22 5

S( )
3

p
p


  and the demand 

function D(p) = – 4p + 7. By the Walras 

criterion, is the price stable ? Give reasons 

for your answer. 4 
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(b) The sale of a company from the year 2017-

2022 are given below : 

Year 
Sale on lakhs of 

rupees 

2017 40 

2018 45 

2019 50 

2020 55 

2021 60 

2022 65 

Fit a linear curve using the least square 

method. Hence find out the company’s sale 

in 2023. 4 

(c) Write any two limitations of the Gaussian 

plume model.  2 

6. (a) The heat emission rate associated with a 

stack gas is 4800 kJ/s. The wind and stack 

gas speeds are 5 m/s and 15 m/s, 

respectively, and the inside stack diameter 
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at the top is 2 m. Estimate the plume rise 

by means of : 4 

(i) Carson and Moses formula 

(ii) Holland formula 

(b) Suppose that the populations x and y 

satisfy the following equations : 

260 4 3
dx

x x xy
dt

    

242 2 3
dy

y y xy
dt

    

find out all the critical points of the 

system. Which critical point represents the 

possibility of co-existence of the two  

species ? Discuss the type and stability of 

that critical point. 6 

7. (a) The returns on the securities of two 

companies x and y be as given below : 

Event (j) 
Chance 

1 2P Pj j  

Return 

1R j  2R j  

1 1/4 6 7 

2 1/2 13 8 

3 1/4 18 11 
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Find the expected return of the portfolios  

P (0.7, 0.3) and Q (0.4, 0.6). What inference 

can you draw by comparing the returns of 

the portfolios P and Q ? 5 

(b) A hole is drilled in the earth passing 

through the centre and a ball is dropped 

into it.  5 

(i) Set up the model equations to describe 

the motion of the ball and solve it. 

(ii) Deduce from your solution whether 

the ball will fall out of the hole on the 

other side or not. 
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v
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K

d
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 
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   

N t

K E N(t)

E 1

t  N( ) K(1 E)t  

E > 1, t  N( ) 0t 
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/315 ,xy e  0 8,x   

y x

y

d

R

(i) y' + ky = d, y(0) = 0y  

(ii) y' – ky = d, y(0) = 0y  

(iii) y' + ky = – d, y(0) = 0y  

(iv) y' – ky = – d, y(0) = 0y  
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x y

(Susceptible)

B

xy

(i) 

(ii) t y

y(0) = 0y  

(iii) t x

0(0)x x

(iv) t   x

 = 0.025

1.5 38 10

1 2P P P   3 24 10 dynes/cm

(i) 

(ii) 
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l



d

dt




4 

22 5
S( )

3

p
p




D(p) = –4p + 7 

(Walras)

2017 40 

2018 45 

2019 50 

2020 55 

2021 60 

2022 65 
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2 

kJ/s

5 m/s 

15 m/s 

2 m

(i) 

(ii) 

x y

260 4 3
dx

x x xy
dt

    

242 2 3
dy

y y xy
dt

    
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x y

(j)
1 2P Pj j 1R j  2R j  

1 1/4 6 7 

2 1/2 13 8 

3 1/4 18 11 

P = (0.7, 0.3) Q = (0.4, 0.6)

P

Q

ª

(i) 

(ii) 
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