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BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination
June, 2024
MTE-14 : MATHEMATICAL MODELLING

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt any five questions.

(it) Use of calculators is not allowed.

(iti) Symbols have their usual meanings.

1. (a) Derive Poiseuille law using dimensional

analysis. 3

(b) There are two species A and B in a forest.
A feeds on B. The increase in population of
A 1s proportional to the population B while
decrease in population of B is proportional
to population of A. Set up the model
equations describing this situation. 2

(c) It 1s possible to project a particle with a
given velocity v in two possible ways so as

P.T.O.



(a)

(b)

(a)
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to make it pass through a point P at a
distance r from the point of projection.
Show that the product of the times taken
to reach this point in two possible ways is
proportional to ‘7. 5

The modified logistic population model for
a fish population including the effect of

harvesting is given as follows :
N _N[1-N En
dt K

where N is the population of fishes at any
time #, K and E are positive constants.
Determine N (f). Show that for E<1,
N@#) —->KA-E) as t > and for E > 1,
N(@#) >0 as t—>w. 5

The demand function for a particular

—x/3

commodity is y=15e """, 0<x <8, where y

1s the price per unit and x is the number of
units demanded. Determine the price and
quantity for which the revenue 1is
maximum. 5
An insect population (denoted by y) is

being destroyed by an insecticide at a

constant rate d. It is increasing at a rate



(b)
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proportional to the current population. The
constant of proportionality is k. Which of
the following initial-value problems might
be reasonable model of this situation ? For
each of the choices below, justify why you

are rejecting or accepting it. 4

@O y't+ky=d,y0) =y,

1) y'-ky=d, y(0) = y,

) y'+ky =-d, y(0) = y,

iv) y'-ky=-d, y(0) = y,

Let x and y denote respectively the
proportion of susceptibles and carriers in a
population. Suppose the carriers are
removed from the population at a rate f

and disease spreads at a rate proportional
to xy.

(1) Formulate the problem.

(11) Determine y at any time ¢, given
¥(0)=y,.

(i11) Find x at any time ¢ subject to
x(0) = x,.

(iv) Find the limiting value of x as ¢t — oo.

What does the Ilimiting represent
physically ? 6

P.T.O.
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(b)
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Consider arterial blood viscosity p = 0.25

poise. If the length of the artery is 1.5 cm,

radius is 8x10%cm and P= P -P, =
4x10° dynes/cm?. Then find the : 4

(1) maximum peak velocity of blood and
(1) the shear stress at the wall.

If a simple pendulum of length [ oscillates
through an angle « on either side of mean

. . .. do
position then find the angular velocity 7

of the pendulum, where 6 is the angle
which the string makes with the vertical. 4

A man weighs 50 kg. What will his weight
be if the radius of the earth reduces to half
its value ? 2

Find the equilibrium price in a perfectly

competitive market with the supply
2p® -5

function S(p)= and the demand

function D(p) = — 4p + 7. By the Walras
criterion, is the price stable ? Give reasons

for your answer. 4



(b)

(c)

(a)
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The sale of a company from the year 2017-
2022 are given below :

Year Sale on lakhs of
rupees
2017 40
2018 45
2019 50
2020 55
2021 60
2022 65

Fit a linear curve using the least square
method. Hence find out the company’s sale

in 2023. 4

Write any two limitations of the Gaussian

plume model. 2

The heat emission rate associated with a
stack gas 1s 4800 kd/s. The wind and stack
gas speeds are 5 m/s and 15 m/s,

respectively, and the inside stack diameter

P.T.O.
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(a)
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at the top 1s 2 m. Estimate the plume rise

by means of : 4

(i) Carson and Moses formula
(1) Holland formula

Suppose that the populations x and y
satisfy the following equations :
% = 60x — 4x> —3xy
ay
dt
find out all the critical points of the

=42y —2y2 — 3xy

system. Which critical point represents the
possibility of co-existence of the two
species ? Discuss the type and stability of
that critical point. 6

The returns on the securities of two

companies x and y be as given below :

| Chance Return
Event (j) P =P, R, R,,
1 1/4 6 7
2 1/2 13 8
3 1/4 18 11
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Find the expected return of 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 ? 5
(b) A hole is drilled in the earth passing
through the centre and a ball is dropped
into it. 5
(1) Set up the model equations to describe
the motion of the ball and solve it.

(1) Deduce from your solution whether
the ball will fall out of the hole on the
other side or not.

P.T.O.
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Tiaeh SUTY shiEishd (o, 1. o)
eIt
S, 2024
.3t 3-14 : iU fevta

gag ;2 Hyue 3TfYFdq 37F : 50

T ¢ (i) fp=l gier g9 & IW U
(ii) HARA BT FATT FH BT AN TET
gl
(iii) gl & 9 G 37

1. ()faHa faversor &1 JAN *d gU dissEd &
fom &1 g Fifag| 3
(@)Th S & < TSadl A 3R B ®1 A, B
® Wl Bl A H SHEen ¥ gfg B @
G F U B @ SEfh Bl

STE@ H HH A HI SHEEA & FHI
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e 21 39 fRufd &1 9v @ 9 e
TR0 TIUd shifsd| 2

(1) TH U & T MW AT H WY J Feferd
Tl ¥ weiftd # g9 ® afs 9
TEqU % fag ¥ » W R & 693 P ¥ TR
wF| R o7 wEE E 8 g
%k T H @ o 9EI H1 A% r

*F I e 2l 5

2. (F)HAE &% YWE Ul Hi @RI & fow
ety gfgema smeen  feel fAeer
fean = .

d—NzN@—ﬁj—EN
dt K

Sel N fedt ff ¥ ¢ W wsfaal @
SHEE ®, K 3 E ¥FHs 3=’ 21 N()
fuif@ ®ifw E<1 & fau fxase & .

t >0 & faU N@¢) > K1-E) d&f®, afg

E>1, @ >0 89 WN@E >0 81 5
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(@)an i f& s fafere sg &1 @m
el ¢
y=15e*2, 0<x <8,
g, W&l y Ufd 3o HIHd 3R x A !
o e €1 o H HiHd SR A S

ifee for g Teea sifusan =l 5

3. (®)Th HiZ FEE (y g fafed) ww
HeAWH U R W d W T & & 2
IT TAHH SIS & SAUIae W " 9g
W B SEWided w1 fERmiE R
frefafaa o 9 we-@ yRfYes o= wwen
@ feafa &1 w sfea nfvda feef =
Thdt € 2 9 A W fadedl @ ydw
&% fau, omu =, WHR A FAERR HL '

%, SHhl h[{UT ddIgUl| 4
@ y'+ky=d, y0) =y,

i) y'-ky=d, y(0) =y,

(1) y'+ky=-d, y(0) = y,

iv) y'—ky=-d, y(0) = y,
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(@)uF dife & x 3R y SEen § guw
(Susceptible) 3R M@ & UM h! I

g1 O ofifey fm oEe SHMEEn 4 B W

g U 9 € iR MR xy & emqufas

R I herd B 6

() TN &1 &9 Sifsu

G fedt f w3 ¢+ & fau y fuifa
HIST, 3(0) = y, & T 2

Gi)) frdt ft o0 ¢ & fauw x &1 U@
MY, x(0) =x, &A1 7T B

(iv) t—>c0 & TAW x &1 GHd AW 4
ST G 99 I ®9 9§ &=
W & 2

4, () THA-YHA B TAEA @ = 0.025 TSt A
I gmt w1 dare 1.5 9, B 8x107°
¥, 3R P=P, - P, = 4x10° dynes/cm? @I,

ad fafafea 39 wifsT 4
(i) T w1 3feehad fITe] 9 3R

(i) AR HT TIEIU Ffdqaa|
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(@)afg | o=E 1 Tsh WA ol Aweg fefq
® 3 AR o B W YAEEE B B, @

etk T I éFT-%g I HITT, STET 0

98 BV T S S FeAlER & @Y S 2
4
() Tk STSH 1 aoH 50 fopall ©1 afg ged

&I 5 U AF H et B OSW ar
ST YR T BN ? 2

5. (F)Ufd e S(p):2p23_5 IR A He
D(p) = —4p + 7 % WA Th Yol Gfqeqei
IR H Hed IAd Jd hIfU SeRd
(Walras) H1 HUE & TR, =1 A
M ® ? 39 W % Rl Sy 4

(@)ad 2017-2022 ¥ HuA &t fawr = § T

2
CLUj g U o foreht
2017 40
2018 45
2019 50
2020 55
2021 60
2022 65
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=Aqq o fafy w1 ST 9 T few
Ih FA HIGW oTd: 2023 H HIA Rl

fasl &1 a1 amET| 4
(1) 7o <@ Hied &1 HiE & Hm fateu)
2

6. (F)EH T8 W TSI T I L 4800 kd/s
gl a9 R W T &1 G wEA: 5 mis
ﬁ?lf)m/s%,aﬁ'{?ﬂ'ﬁfq'{WTﬂQE
E 2 m g Fefafgd & eam ¥ =
Jig 1 STHAM aET : 4
() T SR T g
(ii) efele =

(@)u[ it foh  SHE@ « 3R y &=
dx

== = 60x —4x” — 3xy
dt

dy 2
—~ =42y -2y° - 3x
di y—ay Yy

e & [+l wifas 93 1 W< Hifsg|
®HE-T  hifde  fag W yentadl @
TE-3ARca i HHEHAT 1 Hidiieel il
g ? 3@ wifde fag & YhR 3R wenfae
R TG RIS 6
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7. (F)F wfagfad « R y w1 ufawa G fEn

TR

| .
T (j)
Pj=Py | Ry Ry)
1 1/4 6 7
2 1/2 13 8
3 1/4 18 11

fraer 9= P = (0.7, 0.3) R Q = (0.4, 0.6)
&% TR gfdwe A it e g=t P
AR Q & wfahel &1 qor Hl® 3T &
frepd frehter weha € 2 5
(@)Yt & Hhg G T el Th B fgd
fepan I € IR T S el S RS
@ T F A Fw1 g FA IR W wA
i & fau wfoda e gt
iy it
(i) 3T T 9 U@ e fe 7] ©] 9
a8 AR et = =2
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