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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) State whether the modelling process for air 3
pollution is :
(i)  Static or dynamic ?
(ify Descrete or continuous ?
(ili) Deterministic or stochastic ?
Give reasons in support of your answers.

(b) State the law used for the formulation of 2
Gaussian model of dispersion.

(c) Discuss the static stability and dynamic 3
stability for the following demand and
supply functions :

D,= —0.8 pt+60,
S,= —0.7 pt+40.
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(d)

2. (a)

MTE-14

For a rain drop of diameter d =0.25 cm find
the terminal velocity. How long the drop
takes to reach the ground if it starts its
descent in a cloud 5000 m high ?

Write two limitations of modelling planetary

motion.

Suppose the orbit of a planet around the Sun is
a circle. The distance between Sun and Planet
is 1.49x10"m. and G=6.67x10"1 m3 kgL
Find the mass of the Sun. Assume that the
time period of the planet is one year.

The mean arrival rate to a service centre is
3 per hour. The mean service time is found
to be 10 minutes for service. Assuming
Poisson arrival and exponential service time,
find

(i)  the utilisation factor for this service
facility.

(ii) the probability of two units in the
system.

(iii) the expected number of units in the
system

(iv) the expected time in hours that a
customer has to spend in the system.



3. (a)
)
o
o
)
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(b)

4. (a)
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Suppose that the population x(f) and y(t) 7
satisfy the model given by the following

system of equations :

%=8x— 1/2,
dt :
d—y—=—6t/+ 6x2,
dt i

Determine all the critical points of the system

and discuss the type and stability of each of
these critical points.

Give one example each from the real world 3
for the following along with justification for

your example :

(i) A non-linear model.

(i) A deterministic model.

(iif) A logistic growth model.

A particle is projected vertically upwards 5
with a velocity u m/sec and after t seconds
another particle is projected upwards from
the same point and with same velocity. Prove

that the two particles will meet at height

al — g2

8g

t u
metres after a time (E + g)

seconds from the start.
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(b)
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Suppose that a bird population P(t) is 100
initially and that none of the birds is dying.
If the birth rate is (0.0005) P2, then find
when the bird population will be doubled ?
Also find the time when the population will
become infinitely large.

The respiratory flow of air in the lungs is
affected due to air pollution. If you have to
model respiratory flow, then write four
essentials for the model.

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

(dimensio ) being a function of the

n=7
Yung’'s modulus (same dimension as force
per unit area), the length and the density of
the string. Use dimensional analysis to
derive an expression for the frequency of
vibration of the string.

Players A and B play a game in which each
has three coins - a 5 p, a 10 p and a 20 p.
Each selects a coin without the knowledge
of the other’s choice. If the sum of the coins
is an odd amount, then A wins B’s coin. But
if the sumis even, then Bwins A’s coin. Find
the saddle point of the game, best strategy
for each player and the value of the game.
Is it a fair game ? Give reasons for your
answer.



6. (a) Find the bounds for velocity distributionin 3
a fluid due to pressure gradient in a tube of

radius r and length [.

(b)  Assuming that the wind velocity u is in only 7
one direction, the equation describing the
dispersion of pollutants of concentration

C(x, t) is given by the equation.

0C L, 9C _poC
ot 9x  gxr/ 0 T

Where D is the diffusion coefficient of the
pollutants and 0 < x < h is the region of
interest. The initial and boundary

conditions are given by :

C(x,0) = 0,

COt=C;Cht)=C

Where C; and C, are constants. Find the
concentration distribution C (x, t).

[Hint : You may use the transformation
X =x—ut]
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7.  (a)

(b)
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Return distributions of the two securities are

as given in the table below :

Event | Chance Return
Pii=Py | Ry Ry,
1 0.33 16 14
2 0.25 12 8
3 0.17 8 5
4 0.25 11 9

Find the correlation coefficient p;, of the two
securities. What does the value of py,
suggest about the shape of the curve
representing the set of portfolios of the two
securities ?

If a simple pendulum of length | oscillates
through an angle « on either side of the
mean position then find the angular velocity

d
& of the pendulum where 6 is the angle

which the string makes with the vertical.

6
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1. (a) =dRU e T arg wguor S 9iw 3
() g § = fae ?
(i) THA@ A1 Hefd ?
(iti)  FrRoTeHe € W gEwea ?

3799 IW F 987 H SR FART |

(b) T ufagu freet % gEw F faw wam feen 2
S aren frem fafem)

() Trfafea 9 wem ok gfd wem & faw 3
wWifaw 3R fae dqer i =ren Hifsu |

D= —-0.8 pt+60,
S,= —0.7 pt+40.
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(d)

(b)
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= d = 0.25 cm el a9i-faig &1 =9 97 95
Fifu | afg gui-fag 5000 m H F=E = feoga
aed § A e wiy wRd ¥ 958 9fE 9
TEa § fohaT wH o ?

7er i Freeia =t S uftEEn fafau

T iifoe fob o & AR SR U UE H e
FAFER T | T AR TEF AT H g0 1.49 x 101 m
g, R G=667x10"1" mi kg 1% gd =
TEH AT BT | AF R FaT F 78
T AT - Tl Tk 1A ¢ |

foredt Jar Sheg W WA SATTHA <X 3 WG w1
a7 Har w99 10 e wfa San @ 1wt A
3iR =REmAiR Fa WHY R HEIH F QU
ﬁt—’fﬁwﬁaﬁamaﬁfm:

() S gae & fau I9gn o,
(i) Fomer H &1 A I Wi,
(i) 9omeH ¥ SeRTEAl Shi JeATRIG e,

(iv) womel ¥ U Ues grT S H wdia fan
A FTAT T 9 |

3%



3. (a) WMH difeT SEEEm x(f) R y(t) Fefafaa 7
iR fee g1 e feyl i Sge I ©

dx 2
— =8x -y,
dt Y

dy 2
—— =—-6y + 6x°.
at 4

e % @t wifasw fog I HifsT 3R 35
THR R T T == Hife |

(b) fTr=fafes & fau arafos Sfag @ dafua 3
TH-TF IR0 qheTa A :
i) oitfew fgd
(i) fruRomes fraw
(i) gfgem frgd

4. (a) TH H H um/sec Hh AN H FLAE: FH 5
%I 3R a1 T SR t HHUS F A8 36 feig |
3T 3T % WY TH O H A AT FW H AR
e T Tag wifs fe S %0 U g |

t u .
%FH IR & (5 + g)sec. gHT 9 AR

a2 — g2¢2

2 e 1 fge |
8
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(b)
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o wiferg o et et =t Seen omy o
P(t) =100 ot iR uferai =i g oft 7 &1 & B
afe s g (0.0005) P2 &1 @ =arey T wall
SAEEA A SRAT 8 S 2 q8 g9 o J
I T ST S e & S |
THS H 99 o o QI a1 1 9918 UgU %
HRO AITEd BT 81 ARG AT H o1 H
yaTg 1 et e @ @9 few & fou =W
sifrard q= fafaw)

fier % aRl &l Fhd HE & IhA 9 I
W(ﬁm:%)aﬁm’ =i 3 T (F
o U SR A % S, AN i A 3R

A R AT g1 fadtg favergu g0 ar &
O 1 TREARGT 1 ok T3] I |

31 faemet A 3R B T B Gerd &, oo g
% I @ faae € - @ 5T w, T 10T
1, T 20 TH F11 JIF faarst TR Fl FdT
o w faem gar 81 afe faenl @1 wie
fomm 21, < faeet A faere! B &1 fagsr g
S §1 afg Sis w9 @ 9 B, A & faue S
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T ¥ W w1 g {6y, yEw faaet &
fore watam o ok @ &1 99 919 ity
1 9% T 9 G €7 A9 SW H HRO
EniEed

6. (a) T r 3R @R [ A TF <99 9 I« FAU 3
¥ HRU T 0 & 97 & IREY J i |

(b) TEHFR FUET AT uFTA TH G H R, 7

i C (x, t) & YgUh! & IR&Tu *1 Hifa
F el gt Frefafea € -

oC oC 22 C
T +u e =D ax2,0<x<h,t>0

<&l D Fweh! o fammer qorie R0 <x <h
wfa &1 &3 ®1 enfe ok wftem wfasiy
frefafaa fag &)

C(x0) =0,

COt)=C;Cht =0
s €, 3R C, 3T ¥ 1| Wigw & C (v, t) T
Hifey |
[H&hd : T= 39, TURY X =x — ut T FIA
T FH )
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7. (a) T wfayfed w1 ufowe s 99 aifee | fear 6

TR
T | 9an gfawe
P1j= P2 Ry Ry
1 0.33 16 14
2 0.25 12 8
3 0.17 8 5
4 0.25 11 9

< wfafaal %1 SeHE TN p,, 9 RIS
<Al wfayfaat =t frav-gfeal & ag=a =i
Frefid #37 o1 9 % ATHR % AR Hp,, H
€ W o1 STl § 2

(b) I TEE | T UH WA s weg feafa &0 4
THT 3R I o T EATHA AT § AT Aretah 6

i & %%amm e 0 7 o =
SR AR % 91y St 2
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