No. of Printed Pages : 16 MTE-14

BACHELOR’S DEGREE
PROGRAMME
(BDP)
Term-End Examination

December, 2025
(ELECTIVE COURSE : MATHEMATICS)
MTE-14 : MATHEMATICAL MODELLING

Time : 2 Hours Maximum Marks : 50
Weightage : 70%

Note : Attempt any five questions. All questions
carry equal marks. Use of calculators is
not allowed. Symbols have their usual

meanings.

1. (a) Suppose that a string of length [ is
connected to a fixed point at one end
and to a stick of mass m at the other.
The stick is whirling in a circle at
constant velocity v. Using dimensional
analysis find the equation of the force in

the string. 4

D-3240/MTE-14 P.T.O.



2.

(b)

(a)

[2] MTE-14
A particle is moving with S.H.M. in a
straight line. When the distance of

particle from the equilibrium position

has the values Xx; and X,, the

corresponding values of the velocity are

U; and Uy. Show that the time period is

X2 —x2
271 é % . Also find the amplitude
Vi —V3

and maximum velocity of the particle. 6
A particle 1s projected vertically
upwards with the velocity v m/sec. After
t seconds, another particle is projected
upwards from the same point and with
the same velocity. Prove that the

particle will meet at a height

4u 2 g 2t2 . t U

————— metres after a time | —+—
8g 2 g

seconds from the start. 5
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(b) Consider arterial blood viscosity
u = 0.02 poise. If the length of the
artery 1s 25 cm, radius is 8 X 103 cm
and P = P; — P2 = 4 X 103 dynes/cm?,
then find, 5
(1) maximum peak velocity of blood,

and
(1) the shear stress at the wall.
3. (a) Consider the motion of a simple
pendulum. Write the differential
equation describing the motion of the

simple pendulum with initial conditions
do
0 =00 att=0 and E =0att¢=0, for

both the linear and non-linear models.
Give the expressions for the time
periods for both the cases. In the linear
cases, derive the time period. Suppose
the length of the pendulum is doubled,
then find the time period of the

pendulum in both the cases. 6

D-3240/MTE-14 P.T.O.



[4] MTE-14

(b) Bacteria cells grow at a rate
proportional to the volume of dividing
cells at that moment. If Vo 1is the

volume of dividing cells at the initial

time to, then find the volume of

dividing cells at any time f{. Find the
time at which the volume of the cells
will be double its original size. 4
4. (a) For the pay-off matrix given below,
transform the matrix game into
corresponding linear programming

problems for player A and player B: 4

Player B
1 2 3]
1
3 -7 8
Player A 2
3 -8 8 -9
9 -10 11]

(b) Suppose the populations x and y satisfy
the equations :

d—X:60x—4x2—3xy
dt

dy 2
—=42y-2y° -3X
at y—2y y
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Find all critical points of the system.
Which critical point represents the
possibility of co-existence of two
species ? Discuss the type and stability
of that critical point. 6
5. (a) Sulphur dioxide is emitted at a rate of
260 g/s from a stack with an effective
height of 80 m. The wind velocity at a
stack 1s 6 m/s and the atmospheric
stability class D for the overcast day.
Determine the ground level
concentration along the centre line at a
distance 900 m from a stack, in

micrograms per cubic meter.

Gy = 69 m and c, = 295 m are the

standard deviations in the vertical
direction and cross wind direction,
respectively. 5
(b) Suppose the quarterly sales for a
particular shop were 2682, 2462 and
3012, respectively. From past data prior

D-3240/MTE-14 P.T.O.



[6] MTE-14

to these three data points, a straight
line was the fit. The value on the line
corresponding to the last observed time
1s 2988, and the slope 1s 80. Use
exponential smoothing based upon the
three observations given above to

forecast sales for the fifth period using

a=p=02. 5
6. (a) The return distribution of securities
1 and 2 is as follows : 6
Event (j) | Chace
(1 = ra) Return
Rij Roj
1 0-33 19 18
2 025 17 16
3 0-17 11 11
4 025 10 9

Find which security is more risky in the

Markowitz’s sense.
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(b) Characterise the following as
deterministic or stochastic, giving
reasons for your answers : 4
(1) Functioning of a joint.

(11) Output product in a chemical
reaction.

(i11) The movement of sand dunes.

(iv) The effectiveness of different
advertising policies.

7. (a) Write the difference between the
Geocentric model and the Heliocentric
model used to study the solar system. 2

(b) Some diseases are spread largely by
carriers, individuals who can transmit
the disease but who exhibit no overt
symptoms. Let x and y, respectively,
denote the proportion of susceptible and
carriers in the population. Suppose that
carriers are identified and removed
from the population at a rate 0.3 so that

dy
2 __03y.
dt y
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Suppose also that the disease spreads

at a rate proportional to the product of
dx
x and y, thus 52—0-25 Xy .

(1) Determine the proportions of

carriers at any time ¢, where

y(0) = 3000. 2

(11) Find the susceptibles at time ¢,
where initially x(0) = 100. 4
(¢c0 What are the critical points and

equilibrium solutions of a system of

equations :
dx dy
— =F(x,y) and = = G (x, 2
5~ Fy)and - =G(x.y)
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MTE-14
FTdeh SUTT hIkchH
(&, €t, dt.)
R EIGRCRIE |}
feuw=R, 2025

(Ufezeh dreaehn : TUTA)
T.2t3.- 14 ; iUt v

gug ;3 gU2 SIfeFaH 37F : 100

qie: [l ure 354 & SW T T FIA & HF
TOM &1 HAFE HT JINT FIH H1 37T 761 &1
gdieh! & GrET=T 37ef &1

1. (%) A%E | & T 96 &l T R W Fa fag &
3R TR R W g=mE m &l Bt § ST o
¥ BE THEHEE I v W IR A @ T
Y H o R GHIHLO A1 i & foe forf
fergeToroT <61 9 hifsT | 4
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(@) T H G a4 T (SHM) T Teh T 3@l
H TfqAe ¥ SeRen ¥ S99 H gl
X, 3 X, Bl B, A IHHT o HAM: v; AR
v, T Tl fEmy & emEdea

X2 — X2
21 %%I HU T M 3T AfeRay
Vi =V
T ot J1 ST 6
2. () TH U Tl HEAERA: I U m/sec & T FW
Tl 3R yafyd foran ST €2 t Ipvs & 96,
SHt o & W1 iR 3 fog ¥ T %0 W

& AR gafuq fean s g1 fag wifste f&

aﬁmqﬁ@aﬁaﬁ(gﬁjw—mw

g

-9 . L

——— I 3™l Y THAT | 5
89

(@) T-9941 st TEAT po= 0.02 9IS ST |
Ife guet i Trars 2.5 U, e 8 x 1072
et 3R P = P, — P, = 4 x 10° dynes/cm? &,
?ﬁﬁ'ﬂﬁf@ﬂaﬂﬁm: 5
(i) T o1 SAfshan TR o, 3R
(i) Ty T stgEgo gidee |
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3. () TH WA didsh &l Tfa oifse ) s iR
Mg feet SFf & foaw yrfves faers

t=0WO=0, INt=0W %:0 & 37

A Tcieh i TIfd o1 T HId gU 3TThd
it @@ sl dAl feafadi w8
grEmEfE & fog e <ifew ) e feafa
T, FHAETY Feq hITST | TH AT, Tlcth
1 TS S A S S, @ S et |
SleTeh i GHATE(Y HA1d HITC | 6
(@) Sam ®IRERT 3|8 g H  faueHer
HITHRIST & A 1 AU X I gfg
FA T ARV, AR Hd B faarsHear
HIvERst w1 ST ¥, A fRet Wt W
faurs Rl SRR & AT T qdl
HINT W TAI K qaT Hifg 59 W
SHITTRTST 1 ST ST A HGS T AT
Bl ST | 4
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4. (%)= U MU ae g & fou sTe @
o feeret A IR faaret B = @ fas

T GHEsT § S i 4
faerg B
1 2 3]
. 3 7 8
faerer A 2 Bl
-8 8 -9
3
9 -10 11]
(@) 7 eifee gafte x 3R y frfafea g
I T FIA T 6
d—X:60x—4x2—3xy
dt
dy 2
Y a2y -2y? _3x
gt y—-2y y

e & 9t wifde fog F@ sifs)
HE-A Hifdew fog 3T A RIS &
He-Afd &) Trrel skl F8Ud i & ?

3G wifqsh fog & YR IR wenfaa w ==t

HifeIT |
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5. (%) 80 HI. &I YA 3HTE ATl Tk Wk I 260 gfs
* WA TR TESTES IS o W R
Weh T TG 07 6 m/s ¥ IR A I L
feq & arAveeta Tt s D ¥ Ak
gfd =1 HeX § b 9 900 H I g W &g
T & srfew uft aa wigw frsffa wifsw )
Hahd : (oy = 69 m 3N o, = 295 m FHHA:
FeAteR foen iR oy yau fown § ure
o €1) 5

(@) 99 whfee fooett # s R & fome fant
HURT: 2682, 2462 3R 3012 ot | fuser sifenel
(37 i e fogeli ¥ Teal) ¥ T WA
T TEfaa & T off | e W sifan Ufema
T 1 WG WE 2988 ¥ SR YAUIl 80 ¥
o = B = 02 AFEH T J&T0n i fammRr stafy
&1 fafsrdl o1 qEgAE @ & fag SR fKu
T A YO TR ST AR AUl
1 GATT HITSC | 5
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6. (&) Ffayfadi 1 iR 2 1 Yfdhed s 39 YhR

g 6
T (5) LRI —
(r1j = r2)
Ryj Raj

1 033 19 18

2 025 17 16

3 017 11 11

4 025 10 9
1A HIfSTT ATehifae & STTER &E-H gfaygfd
s1ferer Sifergut 1

(@) 397 IW & &R od gu FeAfafea =
fuionenss s gEWed & w9 H
AT IS - 4
(i) IR H SIS =1 &H
(i) TEEtE gfafran | 3
(i) ¥ & Jiet i Tfd
(iv) fafu= fagmo Hifa @t gameted
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7. () <l IR el feel & o= o= fafen
TSt ST d@R-a & 31ema & faw feman

ST | 2
(@) FB I ATFH €9 I AEehi o R FaId ol
g, S T =fR € S I 1 FEIRa L HWehd
€, Ifehe o hIE &0 Yef¥ia e Hd §1 9=
T x IR y LT TGS H HogAvie Sl
3R aTEehl & U W WERid #Xd ¥ HE
AfSTE foh TEehl Tl TE= Tieh Seh] SIHEEA
d 9 03 & W fepr feam @

dy
& 03y
dt y

Ig ff A fifee fF I 1 JER x iRy &
TUHE % THNI! §, 374

dx
—=-0-25x
dt Y
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(i) dEH & UM w1 vl 9 t W

fruftor sifsm ) 2
el y (0) = 3000

(i) FoAShel &l T t R qA HifTCl 4
STt e # x (0) = 100

(M) fr= Tl & fem & wifds fog i)

HTEERE B 1 B 2

dx _ dy _
Pt y)aﬁ?OIt G(x,y)

X X X XX
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