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ELECTIVE COURSE : MATHEMATICS
MTE-14 : MATHEMATICAL MODELLING

Time : 2 hours Maximum Marks : 50
(Weightage : 70%)

Note: Attempt any five questions. Use of calculators is
not allowed.

1. (@& A body moving with SHM. has an
amplitude ‘a’ and time period “T". Show that
the velocity V at a distance x from the mean
position is given by

V312 = 4n’(a® - 52).
Let the velocity be vy when the distance

from the mean position is ga. In the

subsequent motion if velocity = 3 v and the

period being unaltered, then find the new

amplitude. 5
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In a colony of birds, when population was
20,000, the proportionate birth rate was 40%
per year and proportionate death rate was
10% per year. When the population was
40,000, the proportionate birth rate was 30%
per year and proportionate death rate was
20% per year. If the population grows
according to the logistic model, find the
carrying capacity of the population assuming
that no shooting of birds is allowed.

A ball is thrown vertically upwards with a
velocity of 30 m/sec.

(i) How high will it go ?

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

(iii) How fast will it be moving at the end of
2 seconds ?

(iv) With what velocity will it come back to
the ground ?

Derive . the supply function for an
entrepreneur whose short run cost function
is

Cy = q° - 10q2 + 30q + 60.
Also determine the price at which the
entrepreneur ceases production in an ideal
market.
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3. (a)

(b)
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In the simple epidemic model, if the contact
rate is 0-002 and the number of susceptibles
be 4000 initially, determine the number of
susceptibles left after 2 weeks. 2

Consider a rabbit population x(t) at any
time t. If ax is the birth rate and px? is the
death rate (o, P being constants), then
formulate the model of population. If the
initial population is 150 and there are
8 births per month and 6 deaths per month
occurring at t = 0, how many months does it

take for x(t) to reach 95% of the 11m1t1ng
population (o/B) ? , 5

The process of plucking of a guitar string
results in  the frequency of vibration

(dimension:%) being a function of
Young’s modulus (same dimension as force
per unit area), the length and the density of
the stnng Use dimensional analys1s to

derive an expression for the frequency of
vibration of the string. 5
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4. (a)
(b)
5. (a)
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In a prey-predictor model, satisfy the
following equations :

%Xt-=14x—2x2-xy
dy -

Y 16y - 2y? -
e y —2y° — Xy

Determine the critical points of the system
and discuss the type and stability of each
critical point. Which critical point
represents the possibility of co-existence of
the two populations ?

When returns of two securities move in

" opposite directions, obtain the equations of
straight lines relating standard deviation -

and expected return of the two securities.

A TV mechanic finds that the time spent on
his jobs has an exponential distribution
with mean 30 minutes. If he repairs sets in
the order in which they come in and the
arrival of sets is apprbximately Poisson
with an average rate of 10 per 8 hours a
day, what is the repairman’s expected idle
time each day ? How many jobs are
expected ahead of the set just brought in ?

4

5



(b) The salesofa sug_af factory since 2002 are

Year ~ Sales
| in crores of rupees)
2002 9
2003 ' 10
* 2004 13
2005 11
2006 12

What is the least squares trend line equation
using 2002 as the zero year ? ' 5

6. (a) The heat-emission rate associated with a
stack gas is 5000 kJ/s, the wind and stack
gas speeds are 6 and 18 m/s respectively
;and the inside stack-diameter at the top is
3 m. Estimate the plume rise by means of
the Holland formula. 3

(b) Find the acceleration due to gravity on the
Moon and Saturn, given the following data: = 4

G = 667 x 107! m%/kg

Radius Mass
Moon | 1-738x10°m | 7-35x 1022kg -

Saturn | 06x10'm | 56782 x 10% kg
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7. (a)

(b)
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Bacteria cells grow at a rate proportional to

the volume of dividing cells at that moment.
If V, is the volume of dividing cells at the

initial time, t;, then find the volume of
dividing cells at any time, t. Find the time at
which the volume of the cells will be double
its original size.

Consider the pay-off table for two players as
given below :

Player B
1 2 3
1 -4 -2 6

Player A 2 3 0 3
3 6 -3 -5

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

(1) Give two equivalent linear
programming problems for the above
pay-off table.

If the length of the artery is 3 cm, radius
6x103cm and driving ‘force  is
5x 10° dynes/cm?, then find the average
velocity of blood and the maximum peak
velocity of blood.
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