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BACHELOR'S DEGREE PROGRAMME 

Term-End Examination 
December, 2011 

ELECTIVE COURSE : MATHEMATICS 
MTE-14 : MATHEMATICAL MODELLING 

Time : 2 hours 	 Maximum Marks : 50 

Note : Attempt any five questions. All questions carry equal 

marks. Use of calculator is not allowed. 

1. 	(a) If the per capita rate of a population growth 	5 
be constant, discuss the behaviour of the 
population at any time t depending on the 
constant being positive or negative. 

(b) If the time of a body's descent in a straight 	3 

line towards a given point is directly 
proportional to the square of the distance 
fallen through, then show that the 
acceleration of the body is inversely 
proportional to the cube of the distance 
fallen through. 
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(c) Determine whether the equation : 	2 
s = so  + vo t - 0.5gt2  is dimensionally 
compatible. If s is the position of the body 
at time t, so  is the position at t =0, v o  is the 
initial velocity and g is the acceleration due 
to gravity. Give reasons for your answer. 

2. 	(a) An object of mass m is dropped from rest in 	6 
a medium that offers resistance proportional 
to the magnitude of the instantaneous 
velocity of the object. Assuming the 
gravitational force to be constant, find the 
position and velocity of the object at any 
time t. Also find the limiting value of 
velocity at t --> 00. What happens to this 
limiting value as resistance diminishes ? 

(b) Consider the fluid flow in rigid tube of 	4 
circular cross-section for which poiseuille 
law holds good. If the length of the tube is 
3 cm, radius 9 x 10 -3  cm. and driving force 
P = Pl  - P2  = 5 x 10 3dyne/cm2, then find 
the average and maximum velocity of the 
flow and compare them. You may take the 
viscosity of the fluid to be µ = 0.027 poise. 

3. 	(a) For steady state assuming the wind velocity 	5 
and diffusion coefficient to be in x-direction 
only, derive an expression for the dispersion 
of a contaminant using Fick's law of 
diffusion. 
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(b) In a game of matching coins with two 	5 
players A and B, suppose A wins one unit 
of value when there are two heads, wins 
nothing when there are two tails and loses 

y2  unit of value when there are one head 

and one tail. Determine the pay off matrix, 
the best strategies for each player and the 
value of the game. 

4. 	(a) Derive Poiseuille law using dimensional 	3 

analysis. 

M  
[Hint : Dimension of viscosity is LT

I 

(b) The conduction of heat in a rod of length / 
is modelled by a partial differential equation 

ae = k  a2 o 
axe 

7 

where 0(x,t) is the temperature and k is the 
thermal conductivity. If the rod initially has 
a uniform temperature of 10°C and it is 
insulated at the two ends, find : 

(i) the initial and boundary conditions. 

(ii) the temperature 0(x, t) at any time. 
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5. 	(a) Find the terminal velocity and time taken 	2 
by a raindrop of radius 0.8 cm. to reach the 
ground if it starts its descent in a cloud 
35000 m high. 

(b) Find the output yielding maximum profit 	4 
for the cost function 

C = 0.7x3 — 0.8x2 + 12x + 9 

given that the cost price of x is Rs. 45/- per 
unit. 

(c) A drug is induced in patient's bloodstream 	4 
at a constant rate of r gms/sec. 
Simultaneously the drug is removed at a rate 
proportional to the amount x(t) of the drug 
present at any time t. Determine the 
differential equation governing the amount 
x(t). If the initial concentration of the drug 
in the bloodstream is xo, find the 
concentration of the drug at any time t. 

6. 	(a) Derive the solution of the differential 	5 
equation representing the behaviour of the 
response of an undamped forced system. 

8 x" (t) +2x(t) = sin wt 

x(o) =0, x' (o) = 0 

for the two cases : 

(i) 	4 
	

(ii) 	w = 4 
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(b) The population in a colony of single species 	5 

of birds increased from an initially low level. 
The proportionate birth and death rates 
were respectively 50% and 10% per annum, 
when the population size was 10,000. 
However, the proportionate birth and . death 

rates were respectively 30% and 20% per 
annum when the population size was 
20,000. If shooting of the bird takes place 
at rate of 20% of the population size per 
annum, obtain the steady-state population 

level. 

7. 	(a) The return distribution on 2 securities, 	7 

A and B is as follows : 

Event (j) Chance P1i = P2j  
Return 

R1j R2j 

1 0.33 19 18 

2 0.25 17 16 

3 0.17 11 11 

4 0.25 10 9 

Find which security is more risky in the 

Markowitz sense. 

(b) Give one example each from the real world 	3 

for the following, along with justification for 
your example : 

(i) A non-linear model 

(ii) A stochastic model 

(iii) A linear, deterministic model 
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