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BACHELOR’S DEGREE
PROGRAMME (BDP)
Term-End Examination
June, 2026
(Elective Course : Mathematics)

MTE-014 : MATHEMATICAL MODELLING

Time : 2 Hours Maximum Marks : 50
Weightage : 70%

Note : (i) Attempt any five questions.
(it) All questions carry equal marks.

(iti) Use of calculator is not allowed.

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

(b) If the time of a body’s descent in a
straight line towards a given point is
directly proportional to the square of

the distance fallen through, then show
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that the acceleration of the body is
inversely proportional to the cube of the

distance fallen through. 3
(¢c) Determine whether the equation
8§=38y+ Uyt — 0.5gt*
1s dimensionally compatible. If s is the
position of the body at time ¢, s, is the
position at ¢ =0, v, 1s the initial velocity

and g is the acceleration due to gravity.

Give reasons for your answer. 2

2. (a) Consider the following system of
differential equations representing a

prey and predator population model :

dx_ 2
a7
%:x+y

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

above. 4

(i1) Obtain the type and stability of

three critical points. 3
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(b) Give one example each from the real-
world of the following, with justification
for your example : 3
(1) A stochastic model

(1) A non-linear model
(111) A queuing model
3. (a) Consider a rabbit population x(t) at

any time ¢t>0. If ax 1s the rate at

which birth occurs and bx? is the rate
at which death occurs (a, b are
constants), then formulate the model of
the rabbit population if the initial
population 1s 120 rabbits and there are
8 births per month and 6 deaths per

month occurring at #=0, how many

months does 1t take for x(t) to reach

95% of the limiting population (éj ? 5
a
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(b) Let the returns on the securities of two

companies X and Y be as given below :

Chance Return
Event(j) } .
P = DPaoJ Rij Roj
1 1/4 6 7
2 1/2 13 8
3 1/4 18 11

Find the expected return of the
portfolios P = (0.7, 0.3) and Q = (0.4,
0.6). What inference can you draw by
comparing the returns of the portfolios

P and Q regarding investments ? 5

4. (a) Consider the diffusion of oxygen
through a membrane O0<x<h of
thickness h, the two ends of which are
maintained at concentration C1 and Cg
respectively. If the initial concentration
1s zero, model this problem using one-
dimensional diffusion equation and find
the rate at which the diffusing oxygen
emerges at the interface x =0, for unit

area per unit time. 6
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(b) 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 0 1s the angle which the string
makes with the vertical. 4

5. (a) Discuss the static stability and dynamic
stability for the following demand and
supply  functions (assuming the
proportionality constant 2 = 5 for
dynamic stability) :

D, =-0.4 p, + 200

S, =-0.2 p, +100
Also find the equilibrium price in an
1deal competitive market. 5
(b) Assume that the moon is at a distance
of 3,00,000 km. from the earth and that
it takes 28 days for it to orbit the earth
once. Geostationary satellites are those
which are at rest relative to the earth.
Using these two statements derive the
altitude of the geostationary satellite

from the centre of the earth. 5
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6. (a) A particle leaves the origin with velocity

1)

u. If it moves with an acceleration 5
v

v being the velocity at any instant, show
that the distance x travelled in time ¢ is

given by : 5
4/3

4ux =(3ut+u2) —ut
(b) Consider the pay-off table for two
players as given below : 5

Player B

1 2 3

11-4 -2 6

Player A 2| 3 0 4

3] 6 -3 -5

(1) Find the saddle point and the value
of the game.

(1) Give two equivalent linear
programming problems for the

above case.

7. (a) The heat-emission rate associated with
a stack gas 1s 3600 kd/s, the wind and
stack gas speeds are 4 and 16 m/s,
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respectively, and the inside stack
diameter at the top is 3 m. Estimate the
plume rise by means of the Moses and
Carson formula. 3

(b) In a hospital, patients arrive according
to Poisson distribution at an average
rate of 10 patients per hour. The
hospital’s waiting room can
accommodate a maximum of 8 patients.
The examining time per patient is an
exponential distribution with mean rate
of 15 per hour. Find : 7
(1) The effective arrival rate of

patients at the hospital.

(1)) The probability that an arriving
patient does not have to wait.

(111) The probability that an arriving
patient will find a vacant seat in
the waiting room.

(iv) The expected waiting time until a

patient is discharged from the

clinic.
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fo fie &1 o0 @@ & TR @ & W
ST € | 3

(M) e fAuifia wifse fo gt : 2

$=3, +v0z‘—0.5gzt2
ST €9 9 A A G| TRl s IS &
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dx_ 2
a - Y
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(@) fFafafes & fau arxfos Stem 9@ wafya

Teh-Ueh Q160 Toh&d ST 3
() gEuer e
(i) Rfasw feeH
(iii) ufe freei
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(@) T HEE X SR Y &t gfayfadi &1 gfawed
= e T e . 5
_ I gfaha
=T () . )

DP1J = DPoJ Rij Roj

1 1/4 6 7

1/2 13 8

3 1/4 18 11
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