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BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination
December, 2020
MTE-14 : 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 calculators is not allowed.

1. (a) Use dimensional analysis to derive an
expression for the frequency of vibration of
a guitar string, knowing that the process of

plunking of a guitar string results in the
: . : : 1..
frequency of vibration (of dimension T) 1s

a function of Young’s modulus, the length

Lot-II P.T.O.
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and density of the string. (Dimension of
Young’s modulus is same as force per unit

area.) 4

A drug is induced in a patient’s blood-
stream at a constant rate r gms/sec.
Simultaneously, the drug is removed at a
rate proportional to the amount x (¢) of the
drug present at any time {. Determine the
differential equation governing the amount
x (t). If the initial concentration of drug in

the bloodstream is x,, find the
concentration of the drug at any time ¢. 4

Write the difference between the geocentric
model and the heliocentric model used to

study the solar system. 2

Consider a deer population x (f) at any
time ¢ (> 0). If (ax) is the rate at which
birth occurs and (bx?) is the death rate
(both a and b are constants), then
formulate the model of deer population,

given that initial population is 120 deer
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and there are 8 births and 6 deaths per
month occurring at ¢ = 0. How many

months does it take for x (¢) to reach 95% of

the limiting population (%) ? 4

The population x (f) and y (f) satisfy the

model given by the equations :

d—x:14x—2x2—xy
dt
dy
= =16y — 2y% — x
di Yy Yy Y

Determine all the critical points of the
system and discuss the type and stability
of any two of these critical points. Which
critical point represents the possibility of

coexistence of the two populations ? 6

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 : 4

(1) Average number of cars in the queue

P.T.O.
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(11) The probability that the queue size is

greater than or equal to 6.

The differential equations :

95 _ _ps1+428
di

and D _psI-vI
dt

model a disease spread by contact, where S
1s the number of susceptibles, I is the
number of infectives, A is the birth rate of
susceptibles, B is the contact rate and Y is

the removal rate. 6

(1) Identify which term on right hand side
of each differential equation arises

from birth of susceptibles.

(1) Discuss the model given by above two

differential equations.

Sulphur dioxide is emitted at a rate of
260 gm/sec from a stack with an effective
height of 80 m. The wind velocity at the
stack 1s 6 m/sec and the atmospheric
stability class is D for the overcast day.
Determine the ground level concentration
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along the centre line at a distance of 900 m
from the stack in micro-grams per cubic

metre. (You may use c, = 69 m and

G6,= 29.5 m as the standard deviation in

vertical direction and cross wind direction,

respectively). 4
The sale in a mall since 2011 is given
below : 6
Sale
Year
(in ¥ lakh)

2011 8

2012 10

2013 7

2014 11

2015 12

2016 9

What is least square trend line equation

using 2011 as the zero year ?

(a) A particle of mass m is thrown vertically

upwards with velocity vy,. The air

resistance is mgcv?, where c is a constant

P.T.O.
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and v is velocity at any time ¢. Show that
the time taken by the particle to reach the
highest point is given by : 5

va/E = tan (gtx/z)

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

are smoothing constants]. 5

The demand function for a particular
commodity is : 5
y=15e*3 0<x<8

where y 1s the price per unit and x is the

number of units demanded. Determine the
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price and the quantity for which the
revenue 1s maximum.

The returns on the securities of two

companies X and Y be as given below: 5

Chance Return

Event (j)

P1j = Dgj R;

J Ry;

J

1

1 13 8

1 18 11

(a)

Find the expected return on 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 ?

Find the greatest distance that a stone can
be thrown inside a horizontal tunnel, 10 m
high, with a wvelocity of projection
80 m/sec. 3

P.T.O.
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Consider the motion of a simple pendulum.
Write the differential equation of the

simple pendulum with initial conditions
do
0 =0patt=0and i 0 at t =0 for both

linear and non-linear models. Give the
expressions for the time period for both the

cases. 4

The pay-ff matrix of two players A and B,

each with three different strategiesis: 3
Player B
5 -7 -17
Player A{4 6 -15
9 10 -13

Find the saddle point and value of the

game.
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dt
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2011 8

2012 10

2013 7

2014 11

2015 12

2016 9

2011 I YA TH WA W FAAH o

SUAfd FHIRIUT =T B2

THAH m K TH KU A oy, ® Y
FEAEd: FW B AR HeRl T Y
YUY mgev? ©, S ¢ W T R v fweh

P.T.O.



(@)

()

[14] MTE-14
Ff g t R 90 B fREwe & w0 %
g8 39 fog W e ® o e 9ud
vove = tan (gtv/e) TR WIS 2 5
e oifse T I ° Us fafte sR &
Hiea &t fommel fafswal swmer: 2682, 2462
AR 3012 of| fysal sifeel (dH stieer
fogatl ¥ wedl), ¥ T WA @ A
#1 T 7| i e wHE "W Y
W g 2988 3R FAUM 80 T HW XU
T YoH AH Y& W STARG =R
Tguiietor ¥ urEel stafy w1 fawt @
TSI TR SRl a=f=02 (ap

TgUiieRtol 3R B 1) 5
o+ oifse fF s fafirme swg &1 @m
Thedd 5

y=15e*3 0<x <8
8, STl y iq 3ohTE HIHd SR x Sh1gal i
AT "' #1 9% w1 wmd iR A 9|

hifse fom fSog T sifuedn =1



[15]

(@) & wmfE X R Y wt wfawfaa @

MTE-14

yiawer == e mn @ 5
9); Dij = Pgj Ry; Ry;
1 l 6 7
4
2 l 13 8
2
3 l 18 11
4

e gfemt P = (0.7, 0.3) 3R Q = (0.4,
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3
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