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BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination
June, 2023

(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 calculators is not allowed.

(iv) Symbols have their usual meanings.

1. (a) Suppose that the populations x (f) and y (¢)
satisfy the model given by the following
system of equations :

dx _ 14x — 2x2 — xy
dt

dy
— =16y — 2y% — x;
;7 y - 2y° —xy

Determine all the critical points of the
system and discuss their type and stability.
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Which critical point does represent the
possibility of co-existence of the two
populations ? 7
Explain the difference between continuous

and discrete models with suitable example
of each type. 3

Determine whether equilibrium solution
exists for markets with the following
demand and supply functions : 6
i) D=50-4p,S=10+10p — p2?
(i1) D=56-4p,S=2+10p — p?
Consider the flow of fluid due to pressures
gradient in a tube of radius R and length
L. Find the bounds for velocity
distribution. 4
For the model :

dx

X
—=rx|1-— |- EX, x(0) = K,
” 1( Kj (0)

where 1, E and K are constants, determine
X (t) explicitly. Verify that for

X>K(1—Ej if E<n, then
il

x(t)eK(l—E] as t—> o, whereas if
h

E>r, then x(t) >0 exponentially as

t > . 5
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Let x and y, respectively, denote the
proportion of susceptibles and carriers of a
disease in the population. Suppose that
carriers are removed from the population

at a rate B and disease spread at a rate

proportional to the product of x and y,

determine the following : 5

(1) Carriers at any time ¢, where
y(©0) = yo.
(11) The susceptibles at time ¢, where

X (0) = Xg.

A particle 1s thrown vertically upwards
with a velocity 100 m/sec. How high does it
go, and how much time does it take to
reach this height ? (g = 9.8 m/sec?) 6

Identify the two essentials and two non-
essentials in problem to find the
relationship between blood flow and
physiological characteristics of blood
vessel. 4

In a barber’s shop with single barber, there
are 3 chairs. Out of these one chair is for
hair cutting and the other jor for waiting

inside the shop. If there are more than
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three customers in the shop, then leaving
three rest wait outside. The customers
come according to Poisson distribution
with average two customers per hour. The
service time T (per customer) 1is
exponentially distributed with mean
20 minutes. 6
(1) Find the probability that an arriving
customer has to wait outside the shop.
(11) Find the probability that an arriving
customer gets a chair to sit.

(111) How long an arriving customer 1is

expected to wait before start of service ?

For the data on fertilizer and yield of grain,
find the regression of yield of grain on the
amount of fertilizer applied : 4
Fertilizer (x) Yield (y)

30 43

40 45

50 54

60 53

70 56

80 63
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Prove that the particle moving under a
central force sweeps out equal area in
equal intervals of time. 5

The pay-off matrix to A is as shown in the
table. Determine the optimum strategy

for B : 5
Player B
1 2
2 5
Player A 2 3 1
0 3

Find the covariance of two securities whose
return distribution are given by below

table : 5
Evgnt S:ingz Return
% Ryj Raj
1 0.33 16 14
2 0.25 12 8
3 0.17 8 5
4 .25 11 9

Find a relationship between the escape
velocity and the minimum velocity with
which a particle is to be projected
horizontally so that the particle circles
around the earth. 5
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frr & @l wifder fag s ST @ik
STh YAR IR wfae W owEl @i
®H-G wifgw fog SH SHEEmst &
T &1 §WEAl &l Efud o
T 7 7

Jd®h YhR & SUYH SN & Y Fad

3R oT9dd Hfeell & &9 X HI AT

Hifs| 3

fruif wifsg foe fe=fafea @ @ik
aAYfd werl ael SR e weger
T HiSE § A1 T 6
i) D=50-4p,S=10+10p — p2?

1) D=56—-4p,S=2+10p—p?

e R SR oo L & Th g H
dd YUl & HRUT §9 & FaE W faER

FIT R 9 faao & fau w3
Hifsa| 4

IREARER

dx X
—=rXx|1-— |-EX x(0) =K
" 1( Kj (0)
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Sl ff nE 3R K =R, & fog x(f)
HT OH T ®Y 9 JM HIST| FeAud

Hife fw x>K(1—E] % fag =i

i

E<r ® x(t)eK[l—%} SEIED

t—> oo, AR RIE E>n %, o x({t) >0
IR &Y H S@h t — o0 BTN 5
H et fm xSy e
1 <A B A TR ol W p W W
SEE § gl Sl § 3R U T e
x @R y & TOF & quE W) fsik g, @
frfafed 1 3@ wifsT . 5
G) frdt 9 t W YT dEHl I &
SteIfeR, v (0) = o

G)FHF t W AfqEaseiel i SHEE
SR, x(0) = X,

Th &I Hl 7T 100 m/sec & I dAsad
FW FHI IR Beh] ST 21 I8 fohadl 9
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qh Sl € IR 3@ S q% uged o

foha™ TH9T & ? (g = 9.8 m/sec?) 6

W YR SR W difghl w1 W
fogoarstt & &= gy @ieH & fau @t
diad iR & R-siferE RSl H
TG hifaq| 4
Teh A5 Hi §HE U Thd %8 & @ dH
Hfdal €1 =W 9 Th w9 Hwed &
fou 3R omht < R ® S Tl
% fau 1 R TFH W 3 ¥ S TEh
g @ I Wl DigH Tk TR SASR B
g1 s wiad I % HER 2 e
gfd e w1 W ¥ W B WA G
TEAHRET €4 ° WA 20 e & ay
ferafia fepen e 21 6
() WiIehdl J@ sifeY fe T 3 ae
UEh hl SHM & dEL AR hEl
Tedl 2
(i) Wil 3G HifsT foh T &l oA
& forq wdl faerdt 21
(i) a1 YE BH ¥ U AH Al WEh
¥ foradl X T WA HH B IHIR
H St B 2
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(@) St 3R SFEN &1 IUS & kSl B

feTe @] IeXehl i HE WSS Hi ST

T GfHA A1 it 4
ST (x) SUS (7)
30 43
40 45
50 54
60 53
70 56
80 63

(%) fag =ifst f& & =<9 Id & =q

TfdHHE 0 THF 99T S{add T gue

AT dF hdl %|

5

(@) A & fau gram-emege = g @ 2

B & fou gsean gfaqar 9@ &ifsw ¢ S

faerst A 2

faest B
1 2
2 5
3 1
0 3
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7. (%) F wfaygfa, o= gfawa dea = aroft
o fean T €, 1 WEWEOl ;A HISY ¢ 5

EEall LSRN gfawa
) P1j =Py Rij Ra;
1 0.33 16 14
2 0.25 12 8
3 0.17 8 5
4 25 11 9

(@) fFd w01 & UAEE I AR IHE 39
<Aq9 o A g A[ st e sd
gfast ¥ waftd 0 W 98 gest & =W
3R FFHh &M Hoh |
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