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BACHELOR'S DEGREE PROGRAMME 

Term-End Examination 

June, 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) State whether the modelling process for air 	3 
pollution is : 

(i) Static or dynamic ? 

(ii) Descrete or continuous ? 

(iii) Deterministic or stochastic ? 

Give reasons in support of your answers. 

(b) State the law used for the formulation of 	2 

Gaussian model of dispersion. 

(c) Discuss the static stability and dynamic 	3 
stability for the following demand and 
supply functions : 

Dt  = —0.8 pt + 60, 

St = —0.7 pt + 40. 
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(d) For a rain drop of diameter d = 0.25 cm find 	2 

the terminal velocity. How long the drop 

takes to reach the ground if it starts its 

descent in a cloud 5000 m high ? 

2. 	(a) Write two limitations of modelling planetary 	2 
motion. 

	

(b) Suppose the orbit of a planet around the Sun is 	3 

a circle. The distance between Sun and Planet 

is 1.49 x 1011m. and G =6.67 x 10-11  m3  kg-1. 

Find the mass of the Sun. Assume that the 

time period of the planet is one year. 

	

(c) The mean arrival rate to a service centre is 	5 
3 per hour. The mean service time is found 

to be 10 minutes for service. Assuming 

Poisson arrival and exponential service time, 

find 

(i) the utilisation factor for this service 

facility. 

(ii) the probability of two units in the 

system. 

(iii) the expected number of units in the 

system 

(iv) the expected time in hours that a 

customer has to spend in the system. 
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3. 	(a) Suppose that the population x(t) and y(t) 	7 
satisfy the model given by the following 

	

t-'") 	system of equations : 

dx 
— 8 x – , 
dt 

—
dy 

– 6 y + 6x2 , 
dt 

Determine all the critical points of the system 

and discuss the type and stability of each of 

these critical points. 

(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 deterministic model. 

(iii) A logistic growth model. 

	

4. 	(a) A particle is projected vertically upwards 	5 
with a velocity u m/sec and after t seconds 

another particle is projected upwards from 

the same point and with same velocity. Prove 

that the two particles will meet at height 

2 	/ 4u – g 	 t 	u 

8g 
	  metres after a time –2  

seconds from the start. 
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(b) Suppose that a bird population P(t) is 100 	3 
initially and that none of the birds is dying. 

If the birth rate is (0.0005) P2, then find 
when the bird population will be doubled ? 

Also find the time when the population will 

become infinitely large. 

(c) The respiratory flow of air in the lungs is 	2 
affected due to air pollution. If you have to 

model respiratory flow, then write four 

essentials for the model. 

5. 	(a) The process of plucking of a guitar string 	5 
results in the frequency of vibration 

1 
(dimension = —

T
) being a function of the 

Yung's modulus (same dimension as force 

per unit area), the length and the density of 

the string. Use dimensional analysis to 
derive an expression for the frequency of 

vibration of the string. 

(b) Players A and B play a game in which each 
	

5 
has three coins - a 5 p, a 10 p and a 20 p. 

Each selects a coin without the knowledge 

of the other's choice. If the sum of the coins 

is an odd amount, then A wins B's coin. But 

if the sum is even, then B wins A's coin. Find 

the saddle point of the game, best strategy 
for each player and the value of the game. 

Is it a fair game ? Give reasons for your 
answer. 
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6. 	(a) 	Find the bounds for velocity distribution in 	3 

a fluid due to pressure gradient in a tube of 

radius r and length 1. 

(b) Assuming that the wind velocity u is in only 	7 

one direction, the equation describing the 

dispersion of pollutants of concentration 

C(x, t) is given by the equation. 

a c 	a c  D  2  c 
+ u 

a t 	a x 	a x2 < x < h, t > 0 

Where D is the diffusion coefficient of the 

pollutants and 0 < x < h is the region of 

interest. The initial and boundary 

conditions are given by : 

C (x, 0) = 0, 

C (0, t) = C1  ; C (h, t) = C2  

Where C1  and C2  are constants. Find the 

concentration distribution C (x, t). 

[Hint You may use the transformation 

X = x — ut] 
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7. 	(a) Return distributions of the two securities are 	6 

as given in the table below : 

Event Chance 

pii = p2;  

Return 

R1 i  R2i  

1 0.33 16 14 

2 0.25 12 8 

3 0.17 8 5 

4 0.25 11 9 

Find the correlation coefficient pp  of the two 
securities. What does the value of pr  
suggest about the shape of the curve 
representing the set of portfolios of the two 
securities ? 

(b) If a simple pendulum of length / oscillates 	4 
through an angle a on either side of the 
mean position then find the angular velocity 

dO 

dt of the pendulum where 0 is the angle 

which the string makes with the vertical. 
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