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BACHELOR’S DEGREE
PROGRAMME (BDP)
Term-End Examination
June, 2025

Elective Course : Mathematics
MTE-14 : MATHEMATICAL MODELLING

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

Note : (i) Attempt any five questions.
(it) All questions carry equal marks.
(iti) Use of calculator is not allowed.

(iv) Symbols have their usual meanings.

1. (a) The population of fish in a reservoir is
affected by both fishing and restocking.
The proportionate birth rate is constant
at 0.5 per year and proportionate death
rate is constant at 0.6 per year. The
reservoir is restocked at a constant rate

of 3000 fishes per year and fishermen
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are allowed to catch 1500 fish per year.
Using these assumptions, derive a
model for the fish population and solve
1t. Describe the long-term behaviour of
the fish population when the initial
population is 6000. 5

(b) A particle falls from rest in a medium in
which the resistance is Av® per unit
mass, where A 1s a constant and v is

the velocity. Prove that the distance

fallen in time ¢ 1s %ln(cosht«/gk). 5

2. (a) Modelling a problem can be done in
several ways. We give below the
different problems related to tumour
growth. Identify the type of model
(deterministic, continuous, stochastic or
discrete) which is most appropriate in

each of the following situations : 4

(1) Effect of treatment given at regular

intervals.
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(1) Effect of drugs on a patient who is
given the drug for a given duration

of time.
(i11) Effect of a radiation on tumour
cells. Some cells may continue to

grow but some may be damaged.

(iv) Finding the time taken for a

tumour to double in size.

A satellite is orbiting the earth in a
circular orbit at an altitude of
approximately 1600 km. Estimate the
velocity of the satellite and the time
period given that the radius of the
Earth is 6400 km. (Take g = 10 m/s?). 6

A particle executes simple harmonic
motion. Its velocities are 8 cm/sec and
6 cm/sec when it is at distances of 3 cm
and 4 cm, respectively, from the mean
position. Find 1its time period and

maximum acceleration. 4
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The sales in a mall since 2016 is given

below : 6
Year Sales (in ¥ lakhs)
2016 8
2017 10
2018 7
2019 11
2020 12
2021 9

What is the least square trend-line
equation, using 2016 as the zero-year ?

At any instant a particle is projected
with a velocity p in a direction making
an angle o with the horizontal
direction. After a certain interval ¢, the
direction of its path makes an angle B
with the horizontal direction. Prove
that :
gt
(tano —tanP)’

ucosa =

Further, prove that direction of motion
turns through an angle 6 in time

usin® 6
geos(0-a) |
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(b) The volume rate of flow Q of a liquid
through a tube is supposed to depend on
pressure drop per unit length, the
diameter d of the tube and the viscosity

p. Using dimensional analysis, show

4
that Q = (constant) x [d—j (ATp]’ where
u

Ap 1s the change in pressure and [ is

the length of the tube. 4

5. (a) In a car garage with a single server
system, cars arrive at a rate of 36 cars
per day. Assuming that inter-arrival
time follows an exponential distribution
and the service time for repairing each
of the cars is also exponential with an
average of 20 minutes, calculate the

following : 4

(i) Average number of cars in the

queue.

(i1) The probability that the queue size

1s greater than or equal to 6.
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(b) A model corresponding to the
cooperative interaction between two

species x and y is given by :

dx _ 60x —4x* —3xy
dt

dy 2
— =42y-2y° —3x
a1 y—ay Y

Find all the equilibrium points of the
system and discuss the stability of the
system at the possible co-existence

point. 6

6. (a) A drug in induced in a patient’s blood-
stream at a constant rate of r gm/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

initial concentration of the drug in the

bloodstream 18 X find the

0°
concentration of the drug at any time ¢.

5
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(b) Consider the following cubic total cost

function :
C=0.04¢*> -0.8¢* +10g +5

Assume that the price of ¢ 1s 13 per
unit. Find the output which yields

maximum profit. 5

7. (a) When p, =-1.0, the standard deviation

of a two-security portfolio P is equal to
the weighted average of the standard
deviations of its component securities.
Is it true or false ? Justify your answer.

(p,, 1s the correlation coefficient of
securities 1 and 2.) 4

(b) An investor has ¥ 50,000 to invest in
stocks. He has two possible strategies :
buy conservative blue chip stocks or buy
highly speculative stocks. There are two
states of nature : the market goes up or

the market goes down. The following
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pay-off matrix shows the various
circumstances : 6

Market | Market

Investor

up down
Buy Blue Chip 324,000 | T 16,000
Buy Speculative | T 35,000 | T 12,000

What should the investor do if he is :

(1) an optimist ?

(i1) a pessimist ?

(i11) What is the best strategy, if the

probability of a market rise is 0.3 ?
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MTE-14
EATdeh AT Shriechy (ST, t, t,)
L EIGRC PN
S, 2025

Ufs5eh UTaHehH : TIUTH
A g -14 : ity fagta

gHg ;2 qU2 SIfeFaH 37%F : 50
gTRar : 70%

e (i) fwel are gel & IW 9T
(ii) T g¥ T P B GG
(iii) R BT FIT FIH H1 379l 781 &1
(iv) Tl & 3797 T 37¢f &1

1. (%) USelt Uehed IR AT A ¥ SR H
TSfeEl ® e W Y9E TSl §1 SHeh
I FH-SX 0.5 Hfa a8 W TR T 3R
Afd®: g~ 0.6 Ffd a8 W TR T
SR 1 YA FAMT 3000 HSell gfd o6 i
TR X ¥ fopan 51 § IR FgeT 1 ufa ol
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1500 "Bl Tehed Wt orHfa Bl 1 T
FHTTIST T TRl § HIell TS k1 fest

T HITST IR 3T B HITT | o GRILTH
T 6000 &1, I USCH GAMS & Sreehlielsh

SIER o1 S0 ISl | 5
(@) T Y1 frdt drem | faummereen § = e
& foed wfelier wv® 9 st g &, SRl
A TR ¥ IR v 397 ¥ fag wifve fe fa #
g9 ¢t H ®U FW T H T U

%ln(cosht\/g_K) il 5

2. () TuEn o1 Ty &g fafesi @ feen < 9aan
gl A9 T gm 3fs ¥ wefim fafu=
T € ¥ frefafed g feafq § et
& Y 399 YRR (Fuiones, 9aqd, 3499

1 FHAT) hl YA 4
() i et W feT T STER 1 g9
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(i) uw Wh, fo2 < 7 erafy aw g §
B, T Tl 1 JUTE
(iii) <IN HIfveRIsT W fafrzon (radiation)
1 YT | B FIfRIS & ghg T ©
Tohd! & STafh S I &fd & el |
(iv) TIR & STEE & T eH H T ard
BEREIIRETCIN
(W) & ITT Y&l &l JABR Hhel H T
1600 foReiHIeR =t 3918 TR ¥H @ § | STR &
I AR ORI HT Ak HIGT, ITg
A TR geat &t e 6400 e B
(g = 10 m/s2 ifS@) | 6
3. (%) TH HU & A WA A& A TS H0
Trem feafd | 71 3 em 3R 4 cm FT A W
Ad T, A TR A FEM: 8 cmfsec IR
6 cm/sec TW Tl THH STECHA IR

ATy O AT hiToTd | 4
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(@) a9 2016 A TF AA R TR TR T TET: 6

CL fopt (e € 7))
2016 8
2017 10
2018 7
2019 11
2020 12
2021 9

Y 2016 I YLE-TH AHAL FAdH I IUAA-
@ g R 2

4. () fwdt o oo T w0 1 Afas feen & @y
aﬁmaaﬂﬁgqéﬂuaﬁmau?ﬁﬁﬁﬁm
T T a0 ¢ AG H b 9Y
1 feon afast fewn & @y o0 B AR B
Waﬂmlﬁ:

gt
(tana —tanp)

3Eeh ol T off Tag wiferg foh wifa =i feen

pcosa =

Ty | 480 | 3 o g § wed
gcos(e—a)

T 6
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(@) Tell ¥ T & Yo i 3= X Q; T
i 9fq shiE o s, Jeft & =™ d 3R

EA p R eeRa ¥ fade fawemon g

_ . (d*\(Ap o
e 5 Q = (i) = ()7
Ap <9 H IfEda § 2R [ el i aTeE g1 4

5. (%) Thal WAl TUMCHgR Th R % W,
36 TR Yfafed i T § FR AT § | T8 AFHT
ff IR-AT™HE GHT TH TEH] T
STIEA L § 3R i SR i Tmd H
T e §HF 20 fHAe & sfea amen

(aWal

=Rt §, frefafed @1 gierfaq wifsy : 4

() Ufed ¥ o7l R i 3Ta g
(i) Ul 1 GRS 6 F AUF A 6 H TR
B 1 Wi |

D-3298/MTE-14 P.T.O.



[14] MTE-14

(B)d wiRfS x IRy & o= HwHEN

AR T W THeel fem ¥

dx _ 60x —4x” — 3xy
dt

dy
dt

e & 9t 9 fag 9@ *ifee @R 39
sl W e o wenfae &t == &IVl 6

=42y —2y* —3xy

6. () g TATE Teh AT ki T G0 H r TH/ARTS
i 3T <X W YAIfed i 51 W@ &1 3Hh 91y
2, I8 Toi foedl ff 999 ¢ W IUfead <A

1 WG x(¢) o FHAN < fenred < @

o e

g1oHE x(t) TREGE wE o e
ety feifa wifse) afe waea § g
T YR FiEdl x, 7, @ forelt off 799 ¢ W
TH TS h1 Wiedl 1 HIT9g | 5
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o ~

(@) fr=fafea e e ara wed it

C=0.04¢°-0.8¢* +10g +5
T oS fF ¢ 1 wiHa 9fd 3E 13 81 98

o

T J1d hifee fST9d AfYehay &ty 9T =

T 5
7. (%) 5 py, =—-1.0 , T T - TEwReE

P &1 Ak fo=e 36kt Heh fariiEs &
e foaer & TG ofied & SR §1 =0
TE A T A AEA ? AT S| HI g
HITI (p,, THRIRES 1 3R 2 F1 HegaY
Tk € 1) 4
(@) T oveh & T Wi § 99 % & fau
% 50,000 ¥| 3He UH q Wi ATl
g @ Wl (Fm Sifem 1) =g fog wied

I TS U STATHF HIeUTeh LT TUT |

T ek hi UEAN € : SN S ST 3
SR TR | efafed -3t sregg fafu=
gftfeafasi = yeiid s @ : 6
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ISR SR | IR &
IRENED
SIGRetE A w
ESQEERCEH % 24,000 | ¥ 16,000
CA G IECORCIA ¥35,000 | 12,000

THa9TR =1 = R =Ry, 9fe 9%

() T ARMEET 2
(i) T FrEErET ¥ ?

(iii) I IR & sg4 &I Wfahar 0.3 &, @

I3 FEATd RN T ?

X X X XX
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