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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) A particle moves in a straight line and its 4
velocity at a distance x from the origin is "

kva?—x2 , where k and a are constants.

Prove that the motion is simple harmonic

and find the amplitude and the I;eriodic

time of the motion.

(b) The heat emission rate associated with a 2

stack gas is 5000k]/s, the wind and stack

gas speeds are 5 and 10 m/s, respectively,

and the inside stack diameter at the top is

3m. Estimate the plum rise by means of the
Moses and Carson formula.
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Consider the arterial blood viscosity
i =0.027 poise. If the length of the artery is
3 cm and radius 9x 1073 cm and pressure
difference (P;—P,) is 5% 103 dynes/cm?,
then.

(i) Find the velocity u(y) and maximum
peak velocity of blood.

(ii) Find the Shear Stress at the wall.

Write (i) The diffusion equation with
diffusion coefficient k and (ii) the wave
equation with wave velocity C. Find the
dimensions of k and C using these equations.

Consider the following system of differential
equations representing a prey and predator
population model.

dx o

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

(i) Obtain the type and stability of these
critical points.
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Formulafe the initial boundary value 5

problem for the temperature T in a

cylindrical rod with insulated sides and with
flat ends at x=0 and x=L, the end at x=0 is
kept at 60°C. The end at x=L is insulated.
At time t=0, the temperature distribution
throughout the rod is f (x), 0<x<L. Assume

no internal heat generation.

[Hint : Heat flux across an insulated

boundary is zero, that is grad T.n =0, where

n is normal to the boundary]

formulated in Q3 (a) above.

'Find the steady state solution of the problem 3

Define discrete and continuous models, 2

giving an example of each.

-

The respiratory flow of air in the lungs is 2

‘affected due to air pollution. If you have to

model respiratory flow write four essentials

for the model.

A Cassette player repairman finds that the

1=

- time spent on his jobs has an exponential

distribution with mean 15 minutes. If he

repairs sets in the order in which they came

in, and if the arrival of sets is approximately

Poisson with an average rate of 18 per

9-hours a day, what is repairman’s expected

idle time each day? How many jobs are

ahead of the set just brought in?

3
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Solve the equation of motion

2
s 1
of a simple pendulum of length I making an
angle 6 with the vertical, subject to the

do
conditions 8 =0 an a =w at time t=0. At

what time, is the angular velocity of the
pendulum maximum? Here g is the
acceleration due to gravity.

State Kepler’s third law of motion. Using
dimensional analysis, show that the planets
obey Kepler’s third law.

The cost of production of a substance per
unit is given by the formula C=q?—4q+1,
where q is the material cost. Find the selling
price per unit, so that the profit on 100 units
will be Rs.200, if q=15. Also calculate the
cost of material per unit so that profit on
100 units can be maximised, if the selling
price is Rs. 200.

A projectile is fired with a constant speed v
at two different angles of projection o and
B such that it gives the same range. Show
that

cosec a = secp.

4



(b) Twoplayers AandBareinvolved ina game. 4
Each player has three different strategies.
The pay-off table is given below.

B
5 -7 -17
Al4 6 -15
9 10 -13

Find the Saddle point and value of the game.
(c) Imagine a population governed by the 3
logistic equation

dx_, ( 1- —x—) x.
dt 100
(i) Find the equilibrium level of this
population.
(ii) Initially (t=0) the population is 100
and it remains at this level till t=10,
when an epidemic perturbs the

population down to 80. Find the
population at t=15. -

7. (a) Foraraindrop of diameterd=0.25cmfind 2
. the terminal velocity. How long the drop
" takes to reach the ground if it starts its
descent in a cloud 5000 m high?

\(b) Write two limitations for Prey-Predator 2
Model.

MTE-14 5 ‘ P.T.O.
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The return distribution on the 2 securities

A and B, is as follows :

Event | Chance Return
() - | P1j=Ppy R R,
1 0.33 19 18
2 0.25 17 16
3 0.17 11 11
4 0.25 10 9

Find which security is more risky in the
Markowitz sense.

6



T 3-14

Faeh I HITH
AT war
S, 2010
Ufesw ureaww : TfuTa
wAE3.-14 : iU e

gy ;2 g , ST 3 : 50

RN [He wa gva & ST T g & S7F qUITE |
eTgoeT F FA FA 1 Al T &

1. (a) @wzﬁ%ﬁ%@ﬁwﬁnﬁm%sﬁzqﬁﬁg 4
Vg x IR AT 1 [p2_ 2 &, TRk 3iRa

3R ¥ | fag ST o soen! ifa e oTmerdt €
3R i 1 ST iR SAEd YU FI i |

(b) W& Tg ¥ Hafem Fo @A R/ 5000 KJ /s 2
¥, 7o = iR WF 19 9/ A 5 3R 10
m/s ¥ 3R fR | ©F g 1 fa: I 3m B
A 3R T g i gerRar | frwse sem
ST HT

MTE-14 7 P.T.O.



(©)

(b)

MTE-14

THI-YHA S AT ,=0.027 TFS S| afg

YA S SR 3cm, A1 9% 10 ~3cm 3R T

M (P;-P,), 5% 103 dynes/cm? & A -

() T A u(y) IR A e A
T RIS |

(i) IR W TIEIU-YiFed I BT |

() Toswor quie k aren faazor aetetor it
(i) T AT C T T qHiEw fataei o

FrteR gRT k 3R C it formnd I wife |
frafafas sawa gdem e difse st
R ok Wweh & e ey 7 Fref
HATR

() SR KT 1T wHEw e F
arfaes shifae fawg qganfag |

() o7 it Fagell ¥ TeR iR wiRr

gl

4



3. (a) TUS ISR B H a99H T &t onfg ufdmr 5
A 1 1 G0 B FIeet 9 st
¥ IR foas gure faR x=0 3R x=L W &1 x=0
R A # 60°C F M | @1 T F | x=L
R o TR § 199 =0 W o H aEn
HeT £ (x), 0< x <L ¥ WM ohfoe ff s %
3T I Ho e TE A @

(W:mﬁmmmaﬁﬂwvﬁ‘
B §, Ui grad T. n=0, , W&l n 9w W
afires ®1)

(b) SUEH 3(a) W G ST o oTafied! Stowen 3
T T AIC |

©) e 35 ST WA oRi ol W Frewi @ 2
gftwifya Sifse

4. (@) FECH AU F AW I H TR IITH 2
THRO G Bl € | 3fE S9! Wiw 3 % g9
w1 el =t @ a9 feel % fow = sifard
e fafan)

MTE-14 9 P.T.O.



(b)

MTE-14

T e I &1 et 9% i € & 39 s
R @Y g 94 15 Te % Area Jre it
e ® 13 o7 WS ) TRHT SH HH H w1 €
o %9 A 3 oMW T, iR | +1 v w9
e feaw # 18+t 3fga W ¥ o @ @),
@ et & o gfa 57 ety ffsea o
T R ? S7eft-37ft T Y e | 317 3R feren
Sita Y 2

TS [ 91T TS AT, Sl AT F Wi vy
8 ST &, o T T

2
a2 1

T FA RV, FHfH 9T t=0 W 9=0 3R
%=w g 99g W dice &1 F00g aAn
SAfereRaa B ? TRl g Ted @ ¥

FoR & gara fEm w1 Fum e faa
oo 1 wanT # e % 1% Fer &
o e <t are R ¥

10



(b)

(b)

(©)

MTE-14

TF I% ®1 9fd 3T IUeT dd g3 4
C=q2—4q+1, SR @ T ¥, @l q W& Ara

T 1 9% 3T A= Y w0 HC S A

100 THEE R 200 ¥. T A9 & S@fF q=15

¥ 3fE S=m 1 HEd 200 €. DA 6 100 THEA

R AT oY W w % foe wfi R A
arTd |t I i

T STE-3TET U0 H0l o 3R B We=R a3
v ¥ T 99 39 FHR AN S § 6 9% wem

W < ¥ | femnse %

cosec a=sec [3.

A faedt A R BT TR A R E w4
et 3 e oA ST 3TeT iRl € 1
ARt R T R

B
5 -7 -17
Ala 6 -15
9 10 -13
et H1 T fog ok O 3@ wifs 3
" gfgEm W

11 P.T.O.



MTE-14

() o9 GEY w1 Hger W) 9 FR

(i) WRRST : (t=0) TAE 100 ¥ 3R t=10
T 36 &R R Tl &, 59 7 fob Tt
% HIU FARY 80 T & 3N SN &1 t=15
R FAE I i

= d = 0.25 cm Jielt aWi-fog &1 =@ 91
@ Fifa | afe aui-fag 5000 m # FEE W
feer aq@ | A1 R IRy vt R @ 59 ofi

TR T TR @ T ?
el- R el 1 Q) aRem fafa)
S sy A 3iR B % wfawa seq 9 iRy g
g: |
EUREN] Fiqwd
=TG) |
P1;=P2; Ry, Ry,
1 0.33 19 18
2 0.25 17 16
3 0.17 11 11
4 0.25 10 9

AThifere w9 # HIA-H whayfa s sifad qui
B, S i |

12



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

