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BACHELOR’S DEGREE PROGRAMME
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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) Consider a watermass within which 3
plytoplankton grows and diffusion takes
place. Find the size of the watermass below
which no increase of plytoplankton
population is possible by using dimensional
analysis.

(b) An arrow is shot vertically upwards from 7
the ground with an initial velocity of
50 m/sec. It experiences both the
deceleration of gravity and deceleration
92/250 m/sec? due to air resistance where
9 is the arrow velocity at any time t. Find :
() How high the arrow will go in the
air ?
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(b)

()
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(i) How much time it will take the arrow
to reach the highest point ?

(iii) With what velocity will the arrow
came back to ground ?

The heat emission rate associated with a
stack gas is 5000 kJ/s, the wind and stack
gas speeds are 5 and 20 m/s respectively,
and the inside stack diameter at the top is
2 m. Estimate the plum rise by means of
the Holland Formula.

Write two limitations for Prey-Predator
model.

Derive the equation of motion of the linear
model for a simple pendulum. Find its
solution under boundary conditions at t=0,

de
6=0 and o @, where 0 is the angular

distance.

Let the returns on the securities of two
companies X and Y be as given below :

Event (j)| Chance Return
(Pii=pj)| Ry Ry
1 1/4 6 7
1/2 13 8
3 1/4 18 11
2
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Find the expected return of the port folios
P=(0.7, 0.3) and Q=(0.4, 0.6). What
inference can you draw by comparing the
returns of the portfolio P and Q ?

Consider a rabbit population x(t) at any time
t (>0). If ax is the rate at which birth occurs
and bx2 is the rate at which death occurs
(a, b are constants), then formulate the

- model of the rabbit population. If the initial

population is 120 rabbits and there are
8 births per month and 6 deaths per month
occuring at t=0, how many months does it
take for x(f) to reach 95% of the limiting
population (b/a) ?

Suppose that the population x(t) and y(¢).
Satisfy the model given by the following
system of equations.

dx 2

— = 14x — 2x° — xy,
T x x xy
d—y=16y—2y2—xy.

dt

Determine all the critical points of the system
and discuss the type and stability of these
critical points. Which critical point
represents the possibility of co-existence of
the two populations ?
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Find out the escape velocity and the
acceleration due to gravity on the moon
where, mass of moon is 7.35x 1022 kg,
Radius of moon is 1.738x10% m,
and universal gravitational constant
G=6.67x10"1 m3kg~1L

In a market for a commodity, the supply
function S(p) is 6p?/(1+2p?) units and the
demand function D(p) is (3 — p) units, where
p is the price in rupees per unit. Find the
equilibrium price in an ideal competitive
market and show that the equilibrium is
stable according to walrasian stability
criterion. -

Write the wave equation with wave velocity
C and diffusion equation with diffusion
coefficient K. Find the dimensions of K and
C using these equations.

A drugis induced in a patient’s bloodstream
at a constant rate r grams/sec.
Simultaneously the drug is removed atarate
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 x, find the
concentration of the drug at any time t.



6. (a) Two players A and B have three different 5
strategies in a particular game. The pay-off
table is given as : '

N
N = W W
S N W

Determine the optimum strategy for each
player by sucéessively deleting dominated
strategies.

(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.

(c) Every party plans strategies to put up 2
candidates who can win elections. List four
essentials in framing such a strategy.

7. (a) The model for the number of infectiveyofa 5
population affected by the spread of a non-
fatal disease results in a differential equation.

d
— =y NB =7y~ By), yO =y
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where N is the total population, y, the initial
infected population, -y the recovery rate and
B the contact rate are all constants. Solve
for y and show that the epidemic converges
exponentially to the stable state.

Suppose the quarterly sales for a car in a
city were 2682, 2462 and 3012 respectively.
Use exponential smoothing based upon the
first three observations to forecast for the
fifth period using a=p=0.2. [a, B are
smoothing constants. From the past data
prior to the three data points, a straight line
was fit. The value on the straight line
corresponding to the last observed time is
2988 and the slope is 80.]
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