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BACHELOR'S DEGREE PROGRAMME (BDP) 

Term-End Examination, 2019 

ELECTIVE COURSE : MATHEMATICS 

MTE-14 : MATHEMATICAL MODELLING 

Time : 2 Hours] 
	

[Maximum Marks : 50 

Weightage : 70% 

Note : Attempt any five questions. Use of calculators is not 

allowed. 

(a) 	Using dimensional analysis write the expressions 

for each of the following situations : 	[6] 

(i) The hydrostatic pressure P of blood 

where P is a product of blood density d, 

height h of the blood column between the 

heart and some lower point of the body, 

and gravity g. 

(ii) The force F opposing the fall of raindrops 

through air. Assume that F is the product 
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of viscosity 12, velocity u and the diameter 

r of the drop. Neglect density. 

(b) 	The fish population in a tank is given by the 

model : 	 [4] 

a„,, = k(M — a„)(a„ — m) 

Where a n  represent the fish population after n 

years. Identify the parameters k, m, M. Give 

reasons for your interpretation. 

2. 	(a) 	Find the terminal velocity and time taken by a 

raindrop of radius 0.8 cm to reach the ground if it 

starts its descent in a cloud 35000 m. high. [2] 

(b) Find the output yielding maximum profit for the 

cost function : 

C = 0.7x3  —0.8x 2  +12x + 9 

Given that the cost price of x is Rs. 45 per unit. [4] 

(c) A drug is induced in a patient's bloodstream at a 

constant rate r grams/sec. Simultaneously the 

drug is removed at a rate proportional to the 

amount x(t) of the drug present at any time t. 
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Determine the differential equation governing the 

amount x(t). If the initial concentration of the drug 

in the bloodstream is x o , find the concentration of 

the drug at any time t. [4] 

3. 	(a) 	It is possible to project a particle with a given 

velocity in two possible ways so as 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 P in two possible 

ways is proportional to 'r'. [5] 

(b) 	At a railwaY reservation booking office the booking 

offider attends for booking reservations, one 

person at a time and two chairs are kept for 

persons waiting in the queue. The person desiring 

for railway reservation comes according to 

Poisson distribution with average 10 persons per 

hour. The service time per person is exponentially 

distributed with mean 4 minutes per person. 

Find the utilization factor. 

Calculate the effective arrival rate at the 

booking office. 
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(iii) 	What is the probability that an arriving 

person has not to wait ? 	 [5] 

4. (a) 	Suppose that the population x(t) and y(t) satisfy 

the model given by the following system of 

equations : 

dx 
=14x - 2x 2  -xy 

dy 
= 16y - 2y2  -xy 

dt 

Determine all the critical points of the system and 

discuss the type and stability of these critical 

points. Which critical point represents the 

possibility of co-existence of the two 

populations ? 

(b) 	Find out the escape velocity and the acceleration 

due to gravity on the moon where, mass of the 

moon is 7.35x 10" kg, radius of the moon is 1.738 

x 106 m, and universal gravitational constant G = 

6.67 x10-" m 3  kg-I. [3] 

5. (a) 	The demand function for a particular commodity 

dt 
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is y =15e-",0 < x < 8, where y is the price per 

unit and x is the number of units demanded. 

Determine the price and the quantity for which 

the revenue is maximum. [5] 

	

(b) 	Consider arterial blood viscosity u = 0.025 poise. 

If the length of the artery is 1.5 cm, radius 8 x 

104cm and P = P, — P 2  = 4 x 103  dyne/cm 2  , then 

find the : 

	

• 	(0 	Maximum peak velocity of blood, and 

(ii) 	The shear stress at the wall 	[5] 

. 6. 	(a) 	Two players A and B are involved in a game. Each 

player has three different strategies. The pay -

off table is given below : 

B 

5 —7 —17 

A 4 6 —15 

9 10 —13 

Find the saddle point and the value of the game. 

(b) 	A particle of mass m moves on a straight line 
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towards the centre of attraction from rest at a 

distance a from the centre. Its velocity at a 

distance x from the centre varies as 

3 	3 
Q -- X 

X
3 	• 

Find the law of force. [3] 

 

(c) 
	

The recent floods in Kerala were unprecedented 

and caused a lot of damage in terms of life and 

property. A lot of people became homeless. If you 

were incharge of a relief operation, what would 

you classify as essentials (give four) and non-

essentials (give two) for the successful 

implementation of your operation ? [3] 

7. (a) The model for the number of infective y of a 

population affected by the spread of a non-fatal 

disease results in a differential equation : 

dv 
  dt AN,8 — — Py), y(0) = yo  

Where N is the total population, yo  the initial 

infected population, 7 the recovery rate and 16 

the contact rate are all constants. Solve for y and 

show that the epidemic converges exponentially 

to the stable state. [5] 
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(b) 	
Suppose the quarterly sales for a car in a city 

were 2682, 2462 and 3012, respectively. Use 

exponential smoothing based upon the first three 

observations to forecast for the fifth period using 

fi = 0.2 [a, fl are smoothing constants]. 

From the past data prior to the three data points, 

a straight line was fit. The value on the straight 

line corresponding to the last observed time is 

2988 and the slope is 80. [5] 

x 
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