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BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination
December, 2024

(Elective Course : Mathematics)
MTE-14 : MATHEMATICAL MODELLING

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

Note : (i) Attempt any five questions.

(it) Use of calculato is not allowed.

(iti) Symbols have their usual meanings.

1. (a) The process of plucking of a guitar-string
results in the frequency of vibration being
a function of the Young’s modulus (same
dimension as force per unit area), the
length and density of the string. Use
dimensional analysis to derive an
expression for the frequency of vibration of

string. 5
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(b) In a game of matching coins with two
players A and B suppose A wins one unit
of value when there are two heads, wins
nothing when there are two tails and loses
half unit of value when there is one head
and one tail. Determine the payoff matrix,
the best strategies for each player and the

value of the game. 5

2. (a) Assume that the moon i1s at a distance of
3,00,000 kms from the earth and that it
takes 28 days to orbit the earth once.
Geostationary satellites are those which
are at a rest relative to earth. Using these
two statements, derive the altitude of the
geostationary satellite from the centre of

the earth. 4

(b) The population of a fish in a reservoir is
affected by both fishing and restocking.
The proportionate birth rate is constant at
0.45 per year and the proportionate death
rate 1s constant at 0.65 per year. The

reservoilr 1s restocked at a constant rate of
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3,000 fishes per year and fishermen are
allowed to catch 2,500 fishes per year.
Derive a model for the fish population and
solve it. Describe the long-term behaviour
of the fish population in the two cases
when the initial population is 2000 or

8000. 6

3. (a) Show that the amplitude ‘A’ of a particle
executing SHM passing through points P
and Q with displacements m and n and
velocities Vi and Vg, respectively is given

by the relation : 6
A2(VZ-V§)=(n?VZ -m?V3)

(b) The short-run cost function for an
enterpreneur 1s q® -7qg%2+16g+90.

Determine the price at which the
enterpreneur ceases production in an ideal

market. Also, derive the supply function. 4

4. (a) The increase in vehicular traffic in big
cities has led to a lot of air pollution and

there 1is an increasing incidence of
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respiratory diseases like asthma,
bronchitis etc. In order to make a
mathematical model for the rate of
increase of the cases of respiratory
diseases, write the essentials and non-
essentials that you will need to keep in
mind (give four essentials and two non-

essentials). 3

(b) Consider the following system  of

differential equations representing a prey

and predator model : 7
dx
—=x% -
dt Y
dy
Y = +
a7

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

(11) Obtain the types and stability of these

critical points.

5. (a) State any fwo assumptions for formulation
of a simple mathematical model for blood
flow in arteries for which Poiseuille’s law is

applicable. 2
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(b) In a public telephone booth the arrivals are
on an average 15 per hour. A call on an
average takes 3 minutes. If there is just
one phone, find : 4
(1) The expected number of callers in the

booth at any time.

(1) The proportion of time the booth is
expected to be idle.

(¢) A drug i1s 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(t) of the
drug present at any time {. Determine the
differential equation governing the amount

x(t) If the 1initial concentration of the

drug in the blood stream is x,, find the

concentration of the drug at any time ¢. 4

6. (a) Formulate the initial boundary value
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 1s kept at 60°C. The end at x =L
1s insulated. At time ¢ = 0 the temperature

distribution  throughout the rod 1s
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f(x),O <x<L. Assume no internal heat

generation. Also, find the steady-state

solution of the problem formulated. 6
(b) The average number of new cases of a

disease is proportional to :
(1) (number of susceptibles)?2
(1) number of infectives

Set up the model equation for the average
number of new cases in an initial
population of n individuals. Also, solve the

resulting equation. 4

7. (a) Let the return on the securities of two

companies X and Y be as given below :

' Chance Return
Event (j) (Plj _ sz) Ry Ry
1 0.3 15 12
2 0.25 12 8
3 0.2 9 6
4 0.25 10 9

Find the expected return of the portfolio
P = (0.7, 0.3) and Q = (0.4, 0.6). What
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inference can you draw by comparing the
returns of the portfolios P and Q ? 5

(b) A projectile is fired with a constant speed v
at two different angles of projections
o and B such that it gives the same range.
Show that : 3

coseco = secf}

(¢) Find the terminal velocity and time taken

by a raindrop of radius 0.8 cm to reach the

ground if it starts it descent in a cloud

35000 m high. 2
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e ffad s & fou forftg faverson
T JAT hifSU| 5

(@) & faerfeal A 3R B & @ fgasi &
o & T Wa d 9@ difse fe 3 e
TH W A Hod H Th THE Siaal g, &
3 BN W H{ Wt Tl Saa € i T
23S R TH IA BH W UeA H oMed
THE W I T PN R, T
faeret & fou gafqq wHifaal 8t @«
% qod w1 fuior s 5

2. (%) WM difslw f& == geat ¥ 3,00,000
fopefl. &1 g W ® 9 T© yest & R
Th aRyHe 28 &7 W w1 qedee
STWE 9 STE © S gedt & umer fasm
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el & % W Jodhiel ST il SR
Tt sife) 4
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(@) T SaRE H #3faal &l 9= (FEie)
Il Thed R womwEm o wesfadl @
AT Y YA Bt €1 ST S
W 0.45 dfa 9 W R 7 SR SMgwfaw
T W 0.65 T a8 W =R Tl AwE
1 3,000 gSferdl gfd af &1 T W |/
Tfaa fran W ® IR "R @l
2,500 F=feral ufa o yemed w1 egmfa &
S ®1 T UROMS % YR W HSE
e & fau fde o= #ifs o) 9
T HIU & IRMETR FEfe 2000 3R
8000 &, O WDl THME & T HEA H
JrefhTfereh AR 1 Ui Hifsul 6

3. (%) fREmu & foeamm m &R on @R 9w
Vv, 3RV, & @ fogeni P iR Q W
oA 9 SHM &1 fsranfaa & ol
U KT EME A HEI: Had g fea

TI'é?IT%: 6

A2(VZ-VZ)=(n2VZ -m?V})
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(@)TH SUHl & fau SToqseld ard %o
q®-7¢% +16¢+90 Bl 9€ HoI F@ HIfST
o9 W ST TH 3ES 9Nk H IR 9%
F a1 B YR o off e w4

4, (F)FE U | d=Al & AErE H ghg |

Tgd eItk 91g UIUV g § SR WiE I
T § 9fs o 31 vaw T §
g & R % T wh T e s[ e
% fau, smows iR R-sevas 5=
AT A H @ B, AR AEvash 3R
T TR-eTavas & T U 3
(@)TH TR &R weaeit g foed #

fTefud & el 3Tdehdl HHIRT FehT™
fAfatad & 7

dx o dy
—=x%-y, —=x+
di o Y
() ST THH Rd & 9 ardfas
shifder fog U wifSTT
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(i) 31 shifder fagel & WR iR wfre

I ShifsTa|
5. (@Al H W@ oyar & fau e '™

i freel dOR w0 % faw fR=l &t

gl il et fS9e fau gfssar

fom om] g R 2

(W) T IEsi-eh SelhE ER ¥ AT e

15 9fd =21 B TF hiad § ofgaq 3 fiae

A 21 R 9% Tw wE g, 9@ @ 4
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(i) 99 & TSR w1 &1 F9ET & 999
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g, I8 <o fedt Ot s99 ¢+ W oSufee

Jreft 3Taehel gHtehol il wifsw) afe

T R § g HT IR Figar x, §,

TG TAE hI 99T ¢ W Fixdl A Hifedl 4

6. (F)ATHAA T & fau yRfver Haid 79 q9e
FH TH dOFBR Ue H JuH U & WY
IR x=0 R x=L W Tuda @ & @
TR FTTY x=0,60°C W @ T T

x=L @ T I t=0 W g0 U ¥

A faRor f(x),0<x <L HIE RS

% ®E oTafe a9 SARA T8 T 99 &,

TR T T gEE w1 eR-sTaken §HYE

f I HifT 6
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(@) fFdt dud & U q9mel w1 sied g
I ®

() (gu=l Afekadl i &)’

(i) HehfHdl 1 &

n SAfHA &l IRf9% S99 § U 9l
#1 igd e & fau wed g
1 @IS Hifeel gfomdt et &1 o g

AL

4

7. (F)F FHEA X R Yy & wfagfa

gfawe = f&ar T 7

_ AR EIGES]
U b _p
1j = Tfoj Ryj Ryj
1 0.3 15 12
2 0.25 12 8
3 0.2 9 6
4 0.25 10 9

faw g= P=(0.7,0.3) 3R Q=(0.4,0.6)

e

% g gfawd da ehitwal e =R
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P 3R Q % Wahel &I oI HIh M
= freeny fehtel Hehd ® 2 5
(@)T® J& o Tk ReR 7fd v & ¥
FEATUT o T RT3 HIT o 3R p W
@ fan S B, S fR W® ww € dm
¥ 21 feemn fF . 3
coseca = secf
(M) 5 0.8 cm AR TH W Kl gg  H
sifem 3 qon 3us gf IF W H W
T THA T HINT, A T8 35000 m S
T aed 9 99 e g s 81 2
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