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Note : Attempt any five questions. All questions carry 

equal marks. Use of calculators is not allowed. 

1. (a) The population of fish in a reservoir is 

affected by both fishing and restocking. The 
proportionate birth rate is constant at 0.5 
per year and proportionate death rate is 
constant at 0.6 per year. The reservoir is 
restocked at a constant rate of 3000 fishes 
per year and fishermen are allowed to 

catch 1500 fish per year. Using these 
assumptions, derive a model for the fish 
population and solve it. Describe the long 

term behaviour of the fish population when 

the initial population is 6000. 	 5 
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(b) A particle falls from rest in a medium 

in which the resistance is Xv2  per unit mass. 

Prove that the distance fallen in time t is 

- cosh (t‘iiX ) . 

2. (a) The quarterly production of washing 

machines in a factory for three quarters 

were 2500, 2625 and 2850, respectively. 

Use exponential smoothing based upon the 

first three observations, to forecast 

production for the fifth period, using a = 0.1 

and 13 = 0.2, where y = a + I3x gives the 

best fitted line to the data relationship. 

From past data (prior to the three data 

points), a straight line was fit. The value on 

the line corresponding to the last observed 

time is 2450 and the slope is 90. 

(b) For wide arterial capillary, the length of the 

artery is 3 cm and radius 6 x 10-3  cm with 
driving force given by 

P = Pi  - P2  = 5 x 103  dynes/cm2. 

If arterial blood viscosity 1.1 = 0.027 poise, 

find the shear stress on the wall. Also find 

the bounds for velocity distribution. 
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3. (a) A particle executes simple harmonic 
motion. Its velocities are 8 cm/sec and 
6 cm/sec when it is at distances of 3 cm and 
4 cm, respectively, from the mean position. 
Find its time period and maximum 
acceleration. 

(b) The sale in a mall since 2001 is given below : 

Year 
Sales 

(in T lakhs) 

2001 8 

2002 10 

2003 7 

2004 11 

2005 12 

2006 9 

What is the least square trend-line equation, 

using 2001 as the zero-year ? 	 6 

4. (a) At any instant a particle is projected with a 
velocity u in a direction making an angle a 
with the horizontal direction. After a 
certain interval t, the direction of its path 
makes an angle 13 with the horizontal 
direction. Prove that 

u cos a = gt / (tan cc — tan [3). 

Further prove that direction of motion 
turns through an angle 0 in time 

fu sin 0 / g cos (0 — a)]. 
	 5 
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(b) The volume rate of flow Q of a liquid 
through a tube is supposed to depend on 
pressure drop per unit length, the 
diameter d of the tube and the viscosity g. 

Using dimensional analysis, show that 

Q (constant) x d4  ERA  , where Ap is the 

change in pressure and 1 is the length of the 
tube. 

(c) The respiratory flow of air in the lungs is 

affected due to air pollution. If you have to 
model respiratory flow, write four essentials 
for the model. 	 2 

5. (a) In a car garage, cars arrive at a rate of 

36 cars per day. Assuming that 
inter-arrival time follows an exponential 
distribution and the service time 
distribution is also exponential with an 

average of 20 minutes, calculate the 
following : 	 4 

(i) Average number of cars in the queue. 

(ii) The probability that the queue size is 
greater than or equal to 6. 
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(b) A model corresponding to the cooperative 

interaction between two species x and y is 

given by 

—dx = (4 – 2x + y) x 
dt 

--Y–d  = (4 + x – 2y) y. 
dt 

Find all the equilibrium points of the system 

and discuss the stability of the system at 
6 these points. 

6. (a) Consider a logistically growing population. 

If the population is decreasing at a rate . 

proportional to the population at that 

instant, formulate the modified logistic 

equation taking into account the effect of 

decrease. If the initial population is K, 

obtain the solution and discuss it as t –>oo. 	5 

(b) Consider the following cubic total cost 

function : 

C = 0-04 q3  – 0.8 q2  + 10 q + 5 

Assume that the price of q is 13 per unit. 

Find the output which yields maximum 

profit. 
	 5 
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7. (a) In a certain culture of bacteria, the rate of 

increase is proportional to the number 

present. It is found that the number 

doubles in 4 hours. How many may be 

expected at the end of 12 hours ? 

(b) Give difference between deterministic model 

and stochastic model. Give an example for 

each such model. 	 2 

(c) The return distribution on the 2 securities, A 

and B, is as follows : 

Event 

(j) 
 

Chance 

Pij = P23 

Return 

Rii 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. 	 6 
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