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BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination
June, 2020
MTE-14 : MATHEMATICAL MODELLING

Time : 2 Hours Maximum Marks : 50

Note: (i) Attempt any five questions.
~- (it) All questions carry equal marks.
(iii) Use of calculators is not allowed.

1. (a) A particle moving in a straight line is
subjected to a resistance which produces
the retardation %kV3, where V is the
velocity of the particle at ahy time ¢ and &
is a constant, Show that the velocity V and
the time ¢ are given in terms of distance s

by the equation : 4
. u
1+ ksu
and t=S 4 L
u 2

where initial velocity at t =0 is u.
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Consider the following systems of
differential equations representing a prey

and predator population model : 6
dx 9 ‘
— x —
dt Y
dy

and —=x+
dt Y

(1) Identify all the real critical points of
the system of equations given above.

() Obtain the type and stability of these
critical points.

If a simple pendulum of length ! oscillates
through an angle a on either side of the
mean position, then find the angular

velocity %?— of the pendulum, where 6 is
the angle which the stnng makes with the

vertical. 4

Find the value and the optimum strategies
for two players A and B of the game whose
pay off matrix is given below :

Player B
1 -1 -1
Player A -1 -1 3
-1 2 -1

Also find the value of the game. 6



3. (a)

b
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The population of fish in a reservoir is
affected by both fishing and restocking.
The proportionate birth rate is constant at
0.4 per year and proportionate death rate
1s constant at 0.5 per year. The reservoir is
restocked at constant rate of 2000 fishes
per year and fishermen are allowed to
catch 1000 fishes 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 5000, . 5

At any instant, a 'particle 18 projected with
a velocity u making an angle o with the
horizontal direction. After a certain
interval ¢, the direction of its path makes
an angle B with horizontal direction,
Prove that :

gt

(tana — tan B)

ucosa =

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

P.T.0.
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usinf
gcos (6 —a)

where 0= o - B. ' 5
Consider arterial blood viscostty
p = 0.025 poise. If the length of the artery
is 1.5 cm, radius 8x 103cm and
P =P, - P, =4x10% dyne/cm?, then find
() the maximum peak velocity of blood,
and (ii) the shear stress at the wall. 5

Stokes' law states that for the spherical

droplets falling in motionless air and

having a diameter D < 0.762 cm, the
acceleration due to gravity is opposed by
an amount proportional to the velocity of
the raindrop, specially by an amount equal
to :

0.329 x 107° \ dx

D? dt’

Using this fact, find the terminal velocity
of a droplet of radius 0.3 cm. 3
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Define discrete and continuous models,

giving an example of each. 2

Assume that the moon is at a distance of
300000 km from earth and that it takes
28 déys for it to orbit the earth once.
Geostationary satellite are those which are
at rest relative to the earth. Using these
two statements, and Kepler's 3rd law
derive the altitude of the geostationary
satellite from the centre of the earth. 5

Consider a single server queuing system
with Poisson input, exponential service
times. Suppose that the mean arrival rate
1s 3 calling units per hour. The expected
service time is 0.25 hours and the
maximum' permissible calling units in the
system is two.
Find : 5
() the probability when the system is
idle.
(i1) expected number of calling units in
the system.,

P.T.O.
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Suppose a string of length [ is connected to
a fixed point at one end and to a stick of
mass m a.t the other. The stick is whirling
in a circle at a constant velocity V. Using
dimen'sional analysis, find the force in the
string. 4

The return distribution of securities 1 and

2 1s as follows ; 6
Event | Chance Returns
0 Py =Py R, Ry,
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's sense.
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Discuss the following market which is

characterized by lagged supply response : 3
D, = 30 - 9p,

Find the output yielding maximum profit

for the cost function :
C=07x3-08x2+12x +9

given that the cost price of x is ¥ 45 per

unit. 3

Write four factors that :are used to

compare two portfolios. 2

Write two limitations of a Gaussian plume

model in its application to real world

problems. 2
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